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Aim, structure and basis of the project
Plastics flow model

The study provides comprehensive data on the plastics flow in Germany and covers the following aspects:

Production, conversion and consumption
Waste generation and recovery
Plastic recyclates and by-products and their fields of application

By looking at the plastics material in the value chain as a whole, the present study provides a comprehensive picture of the plastic
material at all relevant stages of its lifecycle until the utilisation of the recyclates resulting from recycling and the reuse of by-products
according to their origin and applications.

For the study, a field survey was carried out and supplemented by interviews in order to obtain an estimate from the market of data for
production, conversion, consumption, waste and its treatment, through to the production of recyclates and its subsequent use.
Account was taken both of recyclates from post-consumer waste and from post-industrial waste as well as the utilisation of by-
products.
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Plastics flow in Germany 2023

Status quo - Overview

With this study, the plastics industry can call on exclusive and consistent facts and figures of the plastics value chain from production
through conversion to the recovery of plastics waste and the utilisation of recyclates as well as by-products.

Total plastics production relevant for this study (plastic materials based on fossil raw materials, recyclates, utilisation of by-
products)amounted in the year 2023 to 11.36 Mt.

— Plastics production based on fossil raw materials in Germany amounted to 8.82 Mt. Thisis 1.89 Mt or 17.6% lower than in 2021.

— The production of recyclates amounted in total to 2.01 Mt (incl. recyclates from the preparation of post-consumer and post-
industrial waste). The amount of post-consumer recyclates was 1.74 Mt, and post-industrial recyclates 0.37 Mt.
In addition, around 0.43 Mt of by-products from production/conversion processes were recycled and used for the manufacture
of plastic products.

The conversion of plastics into plastic products, including recyclates and the utilisation of by-products was 12.85 Mt.

The largest areas in plastics conversion in terms of volume are packaging (with a share of around 30%) and construction (with a share
of just under 24%). Plastics conversion is also characterised by declining volumes. Compared with 2021, the decline is approx. 1.19 Mt
or8.5%.

Nov. 2024 Short version “Plastics flow in Germany 2023" 6



Plastics flow in Germany 2023

Status quo - Overview

An increase of the converted volumes has been observed in the vehicle sector by approx. 15.4%, which results, among other thi ngs,
from the significant increase in car production in Germany compared with the year 2021as well as the higher plastics content in the ve-
hicle). In contrast, the volumes in the field of packaging fell significantly (down approx. 12.3%)and in construction (down approx. 17.3%).

The use of fossil raw materials in conversion was overall on the decline (down 11.4% compared with 2021). This is due to the overall
decline in conversion in the aforementioned industries on the one hand and also to the fact that recyclates were increasingly used in
new products(rise of 17.2% to approx. 1.93 Mt in 2023) on the other hand.

A fall in overall plastics conversion is also reflected in plastics consumption. This has declined by a total of 9.0% compared with 2021.
Only in the fields of automotive and medicine the consumption of plastics has increased.

After making an adjustment for the imported and exported volumes of plastic products, the plastics consumption in Germany amounted
to 11.25 Mt. Compared with 2021, plastics consumption fell by 1.11 Mt or 9.3%.

In 2023, a total of 5.91 Mt plastics waste was collected in Germany (approx. 0.23 Mt more than in 2021) and for the most part (~61.1%)
used for energy recovery?. In total, 2.24 Mt of all plastic waste (of which 1.95 Mt was post-consumer waste) was mechanically recycled
(around 37.9%), equivalent to an increase of approx. 14.3% compared with 2021.

Especially post-consumer packaging waste containing plastics, both in the field of household waste collected from lightweight packa-
ging schemes and in the field of commercial end-user packaging waste, could be sorted to a large extent and subsequently recycled.

" Energy recovery includes municipal waste incineration (MSWI) and utilisation of solid recovered fuel (SRF)
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Plastics flow in Germany 2023

Overview
Import of Export of plastic products
plasticsraw -~ N
materials B A
L —”
Plastics conversion
Export of plastics raw
materials
Export of Impor't of _
i ; recyclates / by- plastics £\ Plastics
Fossil raw materials products products \,\} consumption
Renewable raw materials
(biobased, based on CO,) |
Recyclate and by- - Import of Plastics in
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. phase /
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Chemical Mechanical Import of i) Sy
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recycling plastic Collecti f Yl
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[" plastics waste
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(for recycling) Energy recovery

(MSWI, SRF)

Export of sorted
plastics waste
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Plastics flow in Germany 2023

Raw material supply 2023 " Plastics conversion and consumption 2023 Plastics waste and recovery 2023
Landfill
~0.03 Mt
Export Volume of Export (?092%)
plastics used for Conversion of : :
conversion into plastics based
plastics on fossil raw
products materials Mechanical
in the fields of 10.42 Mt 3 Plastics ' Plasticsin recycling
packaging, consumption the Post- ~1.95 Mt
Biobased plastics construction, of private and : o : consumer (~350%)
B2 ) vehicles, commercial B waste
electrical, . USRS : phase : Chemical
Chemically recycled plastics household Conversion of 5.58 Mt emica
<0.01Mt furni ’ recyclate ~11.25 Mt : : recycling®
urniture, 1.93 Mt : : ~0.03 Mt
agriculture, : (~0.4%)
horticulture & : :
forestry, others Use of
| t 12.85 Mt by-products Energy recovery 4
mpor 0.50 Mt Import of waste
By-products ~3.57 Mt
0.43 Mt (~64.0%)

—

UThe total production volume in 2023 - incl. raw materials for areas that are not relevant for this study (e.g.. adhesives surface coating, fibres etc.)is, according to figures from the Federal Statistical Office ( Destatis) 14.9 Mt.

2)Plastics types: PE-LD/LLD, PE-HD/MD, PP, PVC, PS, PS-E, PA, PET, ABS, ASA, SAN, PMMA, other thermoplastics, other plastics incl. PUR raw materials; includes small quantities from bio-attributed plastics and raw materials from The above
carbon-captured utilisation; (elastomers, adhesives, coatings, sealants). volumes have
S)Contains plastics from bio-based and chemically recycled waste as well as bio-attributed plastics and raw materials from carbon-captured utilisation. been rounded

4 Energy recovery including MSWI and SRF ® incl. 7 kt chemical recycling and 20 kt feedstock recycling.
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Plastics flow in Germany 2023 - overview

Key figures 2021 2023 CAGR 2021-2023
Plastics production (based on fossil raw materials)” 10.70 Mt 8.82 Mt -9.2%
Plastics conversion (total) 14.04 Mt 12.85 Mt -4.3%
Plastics conversion: Based on fossil raw materials 2 11.75 Mt 10.42 Mt -5.8%
Plastics conversion: Use of recyclate from post-consumer waste 1.27 Mt 1.54 Mt +10.0%
Plastics conversion: Use of recyclate from post-industrial waste 0.38 Mt 0.39 Mt +2.0%
Plastics conversion: utilisation of by-products 0.64 Mt 0.50 Mt -1.6%3)
Plastics consumption 12.36 Mt 11.25 Mt -4.6%
Plastics waste 5.68 Mt 5.91 Mt +2.1%%
Energy recovery 3.66 Mt 3.6TMt -0.7%
Mechanical recycling 1.96 Mt 2.24 Mt +6.9%
Chemical recycling 0.026 Mt® 0.027 Mt®) +1.9%
Landfill 0.036 Mt 0.032 Mt -5.7%
Plastic waste management 2021 2023
Energy recovery 64.4% 61.1%
Mechanical recycling 34.6% 37.9%
Chemical recycling 0.4% 0.5%
Landfill 0.6% 0.5%

') See definitions in appendix 2 Contains small amounts of bio-based and chemically recycled plastics waste as well as bio-attributed plastics and raw materials from carbon-captured utilisation; not included are plastics for applications not relevant for this study (elastomers, adhesives, coatings, sealants).
% Collected material streams which have recorded with a waste code are regarded as post-industrial waste; materials without a waste code are regarded as by-products. 4 The increase of the total waste volume is not only attributable to organic developments, but also results from new findings in
individual application fields (e.g. construction). ¥ Total sum contains 23 kt which is used as a reducing agent by feedstock recycling and ~3 kt chemical recycling. ® Total sum contains 20 kt which is used as a reducing agent and ~7 kt chemical recycling.
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Plastics production

Plastics production (plastics materials, based on fossil raw materials)

Production volumes (based on fossil raw materials) by type of plastics in 2023

Plastics production Production volume Change over 2021 Shares of production volume 2023
(based on fossil raw 2021 2023 CAGR Overall
materials)! growth PVE
PS, PS-E 14.0% PA
PE 2,860 2,335 -9.6% -18.4% 5 39, 6 6,
PP 2,130 1,920 5.1% -9.9% '
PS, PS-E 680 470 -16.9% -30.9% Other
PVC 1,610 1,230 12.6%  -23.6% , thermoplastics
PP Plastics 13.8%
PA 650 580 -5.5% -10.8% 21.8% production
Other thermoplastics? 1,430 1,220 -7.6% -14.7% 8.815 kt
Other plastics? 1,340 1,060 -11.1% -20.9% Other
Total 10,700 8,815 -9.2% -17.6% plastics
. . . . . 12.0%
In 2023, plastics production (based on fossil raw materials)in Germany totalled approx. oF
8.82 Mt. Compared with 2021, this means a decline of around 17.6% (resulting among other 26.59%

things from a shift in production capacities abroad, overall lower demand from the
customer industries and declining export volumes.

Significant reductions occurred among others with the plastics types PS, PS-E and PVC.

Also the production of polyolefins recorded significant declines, especially for the
production of PE (incl. PE-LD/LLD, PE-HD/MD).

) Forreasons of confidentiality a separate quantity statement for individual types of plastic is provided by three or more relevant producers
2} e.g.PET, ABS, ASA, SAN, PMMA, PC, POM etc.

) incl. PU raw materials and other plastics
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Plastics conversion

Overview: conversion of plastics materials 2023/2021

Conversion of plastics based on fossil raw materials, recyclates and utilisation of by-products: Overview 2023 vs. 2021

Comparison of volumes of plastics conversion 2023 and 2021

Total:
14,038 kt By-products
20.000 kt 639 kt
15.000 kt Recyclates from post-
industrial waste
76 kt
10.000 kt 376
Based on fossil Recyclates from
raw materials" post-consumer
o000kt 11,751 kt waste
1,272 kt
0 kt
2021

Overview of volumes of plastics conversion 2023

Recyclates from
post-industrial waste
391kt
3.0%

(2.7% in 2021)

Total:
12,845 kt By-products
498 kt

Plastics based By-products

Recyclates from X ‘ 498 kt
. . on fossil raw Plasti 399,
post-industrial waste materials astics “ 50/.‘ 02021)
3971kt ) conversion 5%in
]018411'15"/'“ 1 total
Recyclates from 1o 12,845 kt
Based on fossil post-consumer (83.7% in 2021) Recyclates from

. ost-consumer waste
raw materials" P

waste 1,540 kt
10,415 kt 1,540 kt 12.0%
(9.1% in 2021)
2023

The total volume of converted plastics for the year 2023 was 12,845 kt, which corresponds to a decline of around 8.5% compared with
2021. The increased volume of recyclates and by-products(total increase of around 6.2% compared with 2021) results to a decline of
around 11.4% with plastics based on fossil raw materials.

The proportion of plastics based on fossil raw materials amounted to 81.1% (83.7% in 2021) and fell, compared with the year 2021, by

1,335 kt.

The use of recyclates from post-industrial waste for plastics conversion has increased by 15 kt compared with the year 2021, whereas
the quantity of utilised by-products has fallen by 141 kt. The quantity of recyclates from post-consumer waste has increased

compared with the year 2021 by 268 kt.

) Contains excessively small amonts of material from bio-based and chemically recycled plastics as well as bio-attributed plastics and raw materials from carbon-captured utilisation.

Nov. 2024 Short version “Plastics flow in Germany 2023"
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Plastics conversion
Overview: Conversion by sector and by type of polymer

Volume of plastics materials converted by relevant sectors 2023

Use of recyclates and by-products

Plastics - of which by sector 2023
. Total
conversion Based on Based on Recvclates/ o .
2023 (kt) fossil raw Ee_cycl‘a’testl fossil raw by-groducts Building and Autzrg;tlve Electrical/
materials Y p(r:t)uc S materials (%)?2 construction o Electronics
(kt) (%) 57.0% 2.1%

Packaging 3,840 3,120 720 81.3% 18.8% Household,
Building and construction 3,050 2,150 900 70.5% 29.5% Sports and
Automotive 1,420 1,310 110 92.3% 7.7% a |G;|32g/re
Electrical/Electronics 905 855 50 94.5% 5.5% Recyclates/ e
Household, 425 395 30 92.9% 7.1% By-products Furniture
sports and leisure 2.430 kt 1.4%
Furniture 370 B85 55 90.5% 9.5% .

) o o Agriculture,
Agriculture, 570 300 270 52.6% 47.4% Horticulture and
horticulture and forestry forestry
Medical 285 280 5 98.4% 1.6% Packaging Medical MN1%
Others 1,980 1,670 310 84.3% 15.7% 29.6% Others <1%

Total 12,845 10,415 2,430 81.1% 18.9% 12.8%

The use of plastics in different fields of application varies as regards the proportion of fossil raw materials,recyclates and utilisation
of by-products.

Larger amounts of recyclates and by-products are found particularly in the fields of construction(29.5%), packaging(18.8%)and
agriculture, horticulture and forestry (47.4%).

' Contains excessively small amounts of material from bio-based and chemically recycled plastics as well as bio-attributed plastics and raw materials from carbon-captured utilisation.
20 A further differentiation in recyclate from post-consumer waste, recyclate from post-industrial waste and by-products is made on page 56
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Plastics conversion
Types of plastics and sectors

Converted plastics by application and type of plastics”

1Tt T T T T T T r===-===-=--
1 1
| |
1

————==a
O---=-=-=--4

R —— |
O----=--4

Packaging ~ -~ BN Y j
(3,840 kt) | | | i | |
Building L L L “ _____ |
(3,050 kt) ‘ ‘ | . . ‘ |
Vehicles L D L ‘ _____ :
(1,420 kt) * ‘ ' ‘ : ' !
Electrical/Electronics - ‘ ______ L . .
(905 kt) i ; ' ‘ ‘ ‘ |
Other2 . L . | | _
(3,630 kt) | . . | | ; : . . i
""" PE-LD/ PE-HD/ PP PS  PS-E  PVC ABS, PMMA PA  PET  Other PUR  Other

LLD MD (2,210 kt) (345kt) (280 kt) (1,550 kt) ASA, (60 kt) (400kt) (830kt) thermo- (860 kt) plastics®

(1,890 kt) (1,580 kt) SAN plastics® incl. mixed

(320 kt) (1,185 kt) recyclate

(1,335 kt)

VIncludes plastics based on fossil raw materials, recyclate and reuse of by-products as well as small amounts of bio-based and chemically recycled plastics as well as bio-attributed plastics and raw materials from carbon-captured utilisation.
2)0ther applications include household goods, sports and leisure incl. sports shoes, furniture, agriculture, horticulture, forestry, medical, machines, apparatus and plant construction, writing and drawing devices
3 0ther thermoplastics include POM, PC, PBT, blends “ Other plastics e.g. epoxide, phenol and polyester resins, melamine resins, urea resins and numerous special plastics for many smaller applications, frequently with production quantities significantly <50 kt p.a.
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Substitution of virgin plastics and other materials through the use of plastics
recyclates/by-products

Supplementation/substitution of
plastics based on fossil raw materials through
the use of recyclates and
by-products

Substitution of reducing agent through
feedstock recycling

approx. 0.02 Mt plastics waste

approx. 1.75 Mt
(post-consumer)

(0.39 Mt recyclates from post-industrial waste, Substitution effects’
0.86 Mt recyclates from post-consumer waste,
0.50 Mt by-products) through the use of recyclates

(from post-consumer and
post-industrial waste) and by-

products (approx. 0.50 Mt)
Substitution of materials such as

total . .
concrete, wood and steel through the approx. 2.45 Mt Chemical recycling
use of recyclates approx. <0.01Mt
approx. 0.68 Mt of plastic recyclates plastics waste
(~100% from post-consumer waste) (post-consumer)

Nov. 2024 Short version "Plastics flow in Germany 2023" 15



Plastics waste, recovery and use of recyclates for conversion

Treatment of plastics waste (and utlisation of by-products) for plastics conversion

Plastic waste and by-products Collection, sorting pre-treatment and recycling Use of plastics in plastics conversion
total 12.85 Mt
Post-industrial Disposal
plastics waste 0.03 Mt I
0.33 Mt

Export surplus

Energy recoveryin forrecycling
waste incinerators: (post-consumer- Based on fossil

2.18 Mt and post- raw materials
industrial waste) 10.42 Mt ®
0.20 Mt 9 Process losses: Use ’

Collection, Chemical
sorting, pre- Energy recovery as recycling ;‘ro“rj iﬁirs%'t[]etg%gg)
Post-consumer treatment substitute fuel/others: 0.03 Mt 053 Mt4)
plastics waste 0.93 Mt ' :

Export surplus
forrecyclates
~0.08 Mt7

5.58 Mt

Material

Recyclates from post-

recycling: consumer (PCR)and post- m
. . : ; o )
2.77 Mt .r.e.éo(rzllir:]pui;tgerp;g:an|caI industrial PIR): ~1.9. Mt 8 Recyclates and by-
yeling i Output of recycling for production of . (of which ~1.54 Mt PCR & products
Germany: 2.54 Mt plastics products: 2.01 Mt 2 -+ in Germany ~0.39 Mt PIR) total 2.43 Mt ¥

(2.29 Mtin2021)

. . e . . Utilisation of by-products:
By-products from production/conversion processes for utilisation in plastics conversion: 0.43 Mt ~0.50 Mt

) Recycling of post-consumer and post-industrial waste, without by-products

2 Recyclates from the conversion of post-consumer and post-industrial waste, without by-products
3 Including approx. 0.2 Mt recyclate at recyclers with own production (frequently for agricultural applications, building applications or other applications, e.g. traffic safety etc.) Import surplus for by-products

4 Small quantities of process losses at the recycling process were taken into account in the amounts for “energy recovery in waste incineration or as substitute fuels” ~0.07Mt

% Results from the export surplus with post-consumer waste amounting to 0,28 Mt and an import surplus with post-industrial amounting to 0.08 Mt; 55% of the exported quantity was supplied to EU27 countries (Source: Statistisches Bundesamt).

8 Of which 1.54 Mt recyclate from the conversion of post-consumer waste and 0.39 Mt from the conversion of post-industrial waste

") Results from an export surplus with recyclate from post-consumer waste amounting to 0.10 Mt and an import surplus with recyclates from post-industrial waste amounting to 0,02 Mt (Figures rounded)

8 Includes a small percentage of material from biobased and chemically recycled plastics as well as bio-attributed plastics and raw materials from carbon-captured utilisation
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Plastics waste, recovery and utilisation of by-products

Recovery of post-consumer and of post-industrial waste and utilisation of by-products?

Plastic
waste

5.91Imt
(100%)

By-
products
0.43mt

(Figures rounded)

Landfill
0.03Mt(0.5%)

Energy recovery
3.61Mt(61.1%)

Material recovery
2.27 Mt (38.4%)

MSWI
2.25Mt(38.1%)

SRF/Other
1.36 Mt(23.0%)

Mechanical recycling
2.24Mt(37.9%)

Chemical recycling
0.01Mt(0.2%)

Feedstock recycling
0.02 Mt(0.3%)

Recyclates, produced by
mechanical recycling from
post-consumer waste
1.95 Mt (33.0%)

Recyclates, produced by
mechanical recycling from
post-industrial waste
0.29Mt(4.9%)

By-products
0.43 Mt

YWith regard to material and energy energy recovery, an output-related calculation for all applications has been applied.
2) Landfill = Disposal of plastic waste from mixed waste streams, e.g. construction waste.

Nov. 2024

Short version “Plastics flow in Germany 2023"

Of the 5.91 Mt of plastic waste recorded in the year 2023
(2021:5.67 Mt), 2.24 Mt was mechanically recycled, around
0.01 Mt chemically recycled, around 0.02 Mt sent to
feedstock recycling and 3.61 Mt used for energy recovery.
Around 0.03 Mt was landfilled 2.

The use of plastics waste as a substitute fuel/others e.q.
in a cement kilnVis still important as it accounts for around
23.0% of the total volume of plastic waste. In addition,
0.43 Mt of by-products from the production and
conversion processes are used for the manufacture of
plastic products.

The givenrecycling quantities refer to the amount of
generated plastic waste in Germany - measured at the
output-related calculation point - irrespective of whether
this was recycled in Germany or abroad. It therefore does
not represent the volumes that were converted by German
recycling companies. The same applies to the volumes for
energy recovery.
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Plastics waste and recovery by waste stream

Schematic illustration? of plastics waste management by type of collection

1024 ke Residual household waste it As regards the material and energy recovery, the output-
a”d_co_rlnmterfa' aC:V||élesm1;:i % related calculation is taken as the basis, see explanation
similar to househo . . . "
— \\ p. 40 of the long version in the section “Areas of
Light packaging B31kt

examination and methodology”. The waste steams were

i collection B48 kt .
hoEZZﬂZTds recorded according to the methodology (see p. 39 of the
3,296 kt PETbottle Tkt full edition).
' collection 45 kt
(DPG / Petcycle)
BE Kt
WEEE collection 180kt
= 45 kt
ot Bulk waste and 308 kt
Consutmer waste stations? Ikt
waste
5,582 kt sk Commercial wastevia 139kt Material recycling®
private operators ns7kt 2,705 kt
(without minerals) 9kt
End of life o
vehicles Ikt
Commercial
Total end users Separate collection of
waste 2,286 kt packaging waste from 329kt
and by- industry and commerce w;ﬁ 4)
ducts ) Energy recovery
A Commercial 124 kt 3,612 kt
6,349 kt packaging waste L1kt
separately
collected
Plastics o Vastefrom plastics L Disposal 1) Simplified illustration of the collection and recovery of |
Post- production production 39 kt plastics waste, i.e. main treatment steps (e.g after-sorting)
industrial 34 kt are not shown here.
waste and 2kt By-products from - 2) Bulky waste: e.g furniture, carpets, vyhite googis, brown
by- plastics production goods - collection of recyclables: various plastic products, e.g
products i pipes, containers, films from household and commercial end-
767 kt C(E’r!]avsetrlﬁfl user collections by bring systems (e.qg. in Bavaria and Baden-
733 kt ’ \ Waste from plastics WUrttemberg)
ke P 283kt 3) Totalamount includes ~7 kt chemical recycling for production
£t of plastics raw materials as well as ~20 kt which is used as a
A0k By-products from reducing agent by feedstock recycling.

H0kt : . . . .
plastics conversion 4)  Energy recoveryincludes municipal waste incineration and

- utilisation of solid recovered fuel (SRF)e.qg. in a cement kiln.
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Plastics waste and recovery
Recovery of post-consumer waste

Recovery of post-consumer plastics waste?

Landfill
0.03 Mt(0.6%)

MSWI
2.24 Mt (40.2%)
Post- Energy recovery
3.67 Mt (64.0%)
S acte SRF/Other
1.33 Mt (23.8%)

5.568 Mt
(100%)

Mechanical recycling

Material recovery 1.95 Mt (35,0%)

1.98 Mt (35.4%)

Chemical recycling
0.01Mt(0.1%)

Feestock recycling
0.02 Mt(0.3%)

With regard to material and energy recovery, an output-related calculation for all applications has been applied.
2) Landfill = Disposal of plastics waste from mixed waste streams, e.g. construction waste.

Nov. 2024 Short version “Plastics flow in Germany 2023"

In the year 2023, around 99.4% of the post-consumer
plastics waste in Germany - similar to 2021 - was recycled
either by material or energy recovery, including energy-
efficient waste incineration plants.

Of the 5.58 Mt post-consumer plastics waste

(2021: 5.44 Mt)around 35.4% was sent for material
recyclingand approx. 64.0% for energy recovery. Less
than 1% of the waste was landfilled?.

With a total of 35.4% material recycling(according to
output-related calculation method) Germany attained one
of the highest material recycling rates in Europe. This has
increased by 2.2% compared with 2021(~33.2%).

Around 23.8% of all post-consumer waste was used as a
substitute of fuel, so called solid recovered fuel (SRF), in
special power stations of industry and commerce as well
as for co-combustion, for example in cement kilns or
power plants.

Around 40.2% of all post-consumer waste was recovered
by municipal solid waste incinerators (MSWI).

(Figures rounded)

19



Plastics waste and recovery
Post-consumer waste by application and recovery

Post-consumer waste according to main fields of application

Emper D Post-consumer .
o Share of plastics consumption vs. . Change vs. 2021 Post-consumer plastic waste management
Areas of application waste in kt
waste volume 2023 (2021)?
Plastics consumption Waste occurence 2021 2023 Nominal =~ CAGR
PaCkaqlnq 273% 550% 3,]95 3,072 _38% _]9% Mechanical recycling ~350/O (330/0)
Building and construction 21.0% 13.5% 550 754 37.1% 17.1%
Automotive 9.2% 2.5% 200 138 -30.8% -16.8% Chemical recycling <1% (<1%)
Electrical/Electronics 9.2% 6.3% 329 352 6.9% 3.4% .
. Energy recovery ~64%  (66%)
ﬁg:{fcuﬁgree and forestry 5.0% 3.8% 175 22 209%  9.9%
Recovery rate ~99% (99%)
eSS, 5.7% 5.5% 33 306 9.7% -5.0% "
sports and leisure Landfill ~1% (1%)
Others? 22.6% 13.4% 652 749 14.8% 7.2%
Total 100% 100% 5,439 5,582 2.6% 1.3%

In 2023, the total quantity of post-consumer waste increased slightly: on average by 2.6% (1.3% CAGR). At the same time, the change in the
waste occurrence is very different in each field of application: The CAGR varies from -16.8% to +17.1%.

Within the application areas, there were significant changes, although this cannot be automatically attributed to an organic development. An
organic decline of -3.8% can be recorded in the packaging sector due to lowered production volumes, and in the electrical/electronic segment,
organic growth of 6.9% results from the increased use of plastics in recent years. Structural changes in other segments are subsequently

explained in more detail.
N"Others”includes various fields of application each with small quantities(e.g. furniture, medical, technical applications and machine construction etc.
2 As regards the material and energy recovery, the output-related calculation taken has been applied (see explanations in the Appendix).
3) Energy recovery includes municipal solid waste incineration (MSWI)and utilisation of solid recovered fuels (SRF). (Figures rounded)
4) Landfill = Disposal of plastic waste from mixed waste streams, e.g. construction waste.
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Plastic waste and recovery
Post-consumer waste by major fields of application

Post-consumer waste by major fields of application and its management

Sectors
2023

Packaging
Building and construction

Automotive
Electrical/Electronics
Household, sports and leisure

Agriculture, horticulture and
forestry

Others "

Total

Packaging
2023

Household packaging

Industrial/commercial packaging

Total

Waste generation
inkg per
in kt g.p in %
capita

3,072 36 55.0%
754 9 13.5%
138 2 2.5%
352 4 6.3%
212 2 3.8%
306 4 5.5%
749 9 13.4%

5,682 66 100%

Waste generation

inkg per
in kt g.p in %
capita
1,967 23 64,0%
1,106 13 36,0%
3,073 36 100%

Total

3,069
Th4
134
348

210

302

743
5,550

99.4%

Total

1,964
1,106

3,069
100%

Recoveryin kt 2

Mechanical Chemical
recycling recycling 3)

1,678 27

121 0

19 0

67 0

N 0

92 0

63 0
1,952 27
35.0% 0.5%

Recovery in kt 2

Mechanical Chemical
recycling recycling®
943 27
636 0
1,952 27
35.0% 0.9%

Land-
G fill 9
recovery %
1,464 3
623 10
116 4
280 4
198
210 )
680 6
3,571 32
64.0% 0.6%
Land-
Energy fill ©
recovery #
994 Y
470 0
1,464 3
47.6% 0.1%

The total quantity of recycling
from post-consumer plastics
waste in Germany in the year
2023 was approx. 35.0%.

Around 1.6 Mt was mechanically
recycled from packaging
applications(according to
output-related measuring point),
which corresponds to a recycling
rate of around 51.4%.

A specific view on the packaging
waste shows that
industrial/commercial packaging
waste isrecycled to a greater
extent (58%)than household
packaging waste (49%), even
though larger volumes result from
the latter.

V"Others” includes various fields of application each with small quantities(e.qg. furniture, medical, technical applications and machine construction etc. 2 As regards the material and energy recovery, an output-related calculation has been applied.
3) Total amount includes ~7 kt chemical recycling and ~20 kt feedstock recycling 4) Energy recoverey includes municipal waste incineration and utilisation of solid recovered fuel (SRF).
5) Landfill = Disposal of plastics waste from mixed waste streams, e.g. construgtjon waste.

Nov. 2024

hort version “Plastics flow in Germany 2023"
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Plastics waste and recovery
Post-consumer waste by major fields of application

Post-consumer waste by major fields of application and its management

The different quantities in the individual fields of application are attributable, among other things, to the varying the product'’s
service life and different habits in handling the various plastics products.

Around 80.9% of the recycling of used productsin Germany is attributed to the recycling of packaging waste. In second place is
building and construction waste such as windows and pipes with approx. 6.2% followed by plastics film and other waste from
applications in agriculture, horticulture and forestry with approx. 4.7%. The agricultural collection and recycling system ERDE makes
a significant contribution to this result with around 40 kt.

The basis for the mechanical recycling of packaging waste is due to household packaging waste that is collected in the course of the
dual systems as well as the recycling of PET bottles (by deposit systems) and plastic films from transport and industry.

The given volumes of household packaging waste comprise both the quantities from the collection of lightweight packaging as well
as the quantities that were disposed of via the household residual waste.

Plastics waste from building applications-is often only generated after a very long time, i.e. after more than
40 years.

Some of the high-value goods are exported after use to a certain extent from Germany and utilised there. Therefore, plastics waste
from the automotive sector appears in the waste stream only in a below-average ratio, which partly also applies to waste from
electrical and electronic products.
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Plastics waste and recovery and utilisation of by-products
Development of plastics waste and by-products in time series

Quantities of plastics waste and by-products in a time series from 1994 - 2023

Amount of plastics waste and by-products?
7000 kt

6000 kt
5000 kt
4000 kt
3000 kt
2000 kt

1000 kt — ve e A)A’-A\ A/A\A & v Ve

A\A

0 kt
199419971999200120032005200720092011201320152017201920212023

—+—\Waste and by-products in total
Post-consumer waste
—4—Post-industrial waste and by-products

) Forthe collection of datain 2021and 2023, a new differentiation between waste and by-products was introduced. This
should be taken into account both for the overall curve and for the productionand conversion processes.

Nov. 2024 Short version “Plastics flow in Germany 2023"

In the period from 1994 to 2023, the total amount of plastics
waste and by-products increased from 2.80 mt to approx.
6.35 mt. This represents an annual increase of approx. 2.9%
or around 3.50 Mt in the given period.

The increase is almost exclusively due to the rise in the post-
consumer segment. Here, the amount of waste rose from
1.95 Mt in 1994 to around 5.58 Mt in 2023. This represents an
annual increase of approx. 3.7%. This increase now exceeds
the increase in consumption and can be explained by the
increased return of plastics products with medium or long
shelf life.

Through improved production and conversion processes, the
volume of waste and by-products from the post-industrial
segment has slightly declined (1994: 850 kt / 2023: 766 kt)".
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Plastics waste and recovery and utilisation of by-products
Development of plastics waste and by-products in time series

Development of recycling and utilisation of by-products in a time series from 1994 - 2023

Mechanical, chemical and energy recovery of the collected plastics
waste plus utilisation of by-products

7000 kt

6000 kt

5000 kt

4000 kt

3000 kt

2000 kt

1000 kt

0 kt
1994 1997 1999 2001 2003 2005 2007 2009 2011 2013 20152017 2019 2021 2023

—4+—Total recovery and reuse
Material recycling plus utilisation of by-products
Feedstock recycling / Chemical recycling %
Energy recovery 3

The total amount of mechanical recycling in 2023 including
the utilisation of by-products amounted to around 2.68 Mt.
This represents anincrease of approx. 1.43 Mt compared with
the year 1994. Between 1994 and 2023, there was an average
annual increase of around 2.7%.

In 2007, material recycling increased more strongly because
of the Waste Disposal Directive (AbfAblV). After a moderate
development in the years 2009 to 2013, recycling has
increased considerably in the past few years. The decline
from 2019 to 2021is attributable to the output-related
calculation method.

From 2003 onwards, energy recovery has increased
significantly. Compared with 2021, there was a minor decline
in 2023 to around 3.61 Mt.

"For the collection of data in 2021and 2023, a new differentiation between waste and by-products was introduced. This should be taken into account both for the overall curve and for the production and conversion processes
2)In detail, the output-related calculation methodology is applied to the mechanical recycling from the year 20213) ) Energy recovery includes municipal solid waste incineration (MSWI)and utilisation of solid recovered fuels (SRF).
4)Up to 2021, the chemical recycling comprised both the use of reducing agents (feedstock recycling)and minimal quantities of chemical recycling. In the year 2023, the quantity includes ~7 kt chemical recycling and ~20 kt feedstock recycling

Nov. 2024 Short version “Plastics flow in Germany 2023"
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Main aspects of the methodology of the study
Methodology of the survey with plastics producers, plastic convertors and plastic recyclers

Plastics producers
Full survey of around 50 plastic producers based on written/telephone questions from a prepared questionnaire.

Plastics converters / Plastic recyclers
With the plastics convertors and recyclers, a proportionate survey (primarily online) was carried out. More than 2,000 invitations
(sometimes several contact partners per company, e.g. at several company sites) were sent out as part of the study. Around 3000

companies took part in the survey.

Talks to experts
Around 50 supplementary discussions with experts from various organisations

Further information sources

— Evaluation of production statistics

— Import/export statistics, e.qg. Eurostat, Destatis

— Association statistics, GVM data etc.

— Internet research

— Waste analyses

Analyses, data modelling, reporting

The period of the survey extended from March - July 2024

Nov. 2024 Short version “Plastics flow in Germany 2023"



Glossary (1/10)

Plastics production, conversion and consumption

Plastics production

Plastics conversion

Plastics consumption

Nov. 2024 Short version “Plastics flow in Germany 2023"

The focus here is on plastics for the production of plastics products by polymerisation, which are sold to
the converting industry in the form of moulding compounds(e.g. powder, granules, starting materials, e.g.
PU raw materials).

Plastics production as a whole does, however, also include resins that are used as binders e.qg. in the
surface coatings segment. Polymers that only become plastics through their processing are not included in
this part of the study. They are analysed in the section on “Plastics converting”. The focus of this study is on

production volumes manufactured at sites in Germany.

The processing or conversion of plastics into products, e.g. based on fossil/biobased raw materials,
recyclate and the reuse of by-products. The focus is on volumes processed at sites in Germany.

This covers the plastics consumption of private and commercial consumers within Germany. For
calculating plastics consumption, imports and exports have been subtracted from volumes for plastics
converting. In the field of packaging, only imports and exports of non-filled packaging were taken into
account.
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Glossary (2/10)

Plastics based on fossil raw materials, plastics recyclates, bio-based and bio-attributed plastics

Plastics based on fossil raw Plastics based on fossil raw materials is the term used to describe moulding compounds (e.g. powder,

materials

Plastics recyclate

Bio-based plastics

Bio-attributed
plastics

Raw material from carbon-
captured utilisation

granules, starting materials, e.g. PU raw materials) produced by polymerisation that are sold to the further
processing industry. Raw materials obtained from the recycling of post-industrial or post-consumer waste
are not included here (see "plastics recyclate").

Plastics recyclate is obtained from the recycling of post-industrial or post-consumer waste. The
converting to recyclate takes place in the form of regrind, ground material, reclaim or compounds,
agglomerates or compactates. The produced recyclate is again used for converting into plastics products.

Bio-based plastics are plastics that are produced completely or partly from bio-based raw materials(as a
rule, plant or animal biomass that is cultivated and renews itself in a human timescale in a natural way).

Bio-attributed plastics are plastics with an ascribed bio-based content. Determination of the bio-based
content can be made via the assignment of raw materials.

Raw materials from carbon-captured utilisation can be deployed for utilisation for plastics production.
Here, the raw materials are obtained through the technical carbon separation of CO, from the air or from
industrial processes.
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Glossary (3/10)

Where plastic waste is collected

Plastics producers In the study, plastics producers are taken to mean only raw material producers who sell the products they

produce by polymerisation to the further processing industry in the form of moulding compounds(e.g. powder,
granules, starting materials, e.g. PU raw materials). The resins that are used as binders e.qg. in the surface
coatings segment are thus not included in this group. They are only taken into account in the overall
production figures.

Plastics converters Plastics converters are companies that, either as their main activity or within a production area, process

plastics based on fossil/bio-based raw materials, recyclate or by-products into products and/or, to a certain
extent, process external end-of-life plastics and incorporate them into the processing process.

Plastics recyclers Plastics recyclers are companies that purchase unprocessed plastics waste or residual materials from an

external source, process these materials and turn them into intermediate products (agglomerate, millbase,
regrind, compounds) and/or end-products, or use them for the production of further end-products such as
chemical raw materials (monomers/synthesis gas etc.) or for the production of energy in the form of heat,

steam or electricity.

Commercial consumers Commercial consumers cover all private and public companies from production, trade and services in which

plastics waste is generated.

Private households Private households without any commercial activities.

Nov. 2024
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Glossary (4/10)

Waste

Post-industrial waste  Post-industrial waste is the term used for plastics waste that is created during the production or converting of
plastics and leave the plant or process for treatment. As a rule, the materials are produced in a single type
(sorted), sometimes also as a composite and the user is basically familiar with their content. Post-industrial
waste is documented under a waste code number. Materials that are utilised in the same process, at the same
location and for the same application are considered by-products(these are not recorded under a waste code

number).

Post-consumer waste  Post-consumer waste is waste, which, after use, (both short-lived and long-lived products)is generated by the
end-consumer. This also includes waste produced during the installation, assembly or laying of e.qg. pipes,
cables, floorings, canvas etc. It also contains returned material from the supply chain. The waste is frequently
soiled and/or mixed with other plastics or types of waste. End-user waste occurs both in household and in
commercial documentation systems and is therefore subdivided into these sectors.
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Glossary (5/10)
By-products

By-products

Nov. 2024

According to §4 of the Kreislaufwirtschaftgesetz(German Waste Management Act), a by-product is a material or

object that results from a production process, the main purpose of which is not to produce this material or
object, and if

1. itisensured that the material or object will be used further,

2. anadditional pre-treatment, over and above a normal industrial process, is not necessary for this,
3. the material or object is produced as an integral part of a production process, and
4

its further use is legal; this is the case when the material or object complies with all the product,
environmental and health protection requirements that apply to its respective use, and overall does not
have any harmful effect on man or the environment. By-products are not recorded under a code number
according to waste catalogue.

Short version “Plastics flow in Germany 2023"
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Glossary (6/10)

Waste management, recovery and landfill

Waste management

Recovery

landfill

The waste management comprises both the recovery and the landfill of waste.

Recovery covers both material recovery, i.e. recycling, and energy recovery. The recovered volumes refer to
plastics waste generated in Germany, irrespective of whether it was recovered in Germany or in other
countries. The recovered quantities thus do not represent only the volumes processed by German recovery
companies.

Landfilling according to defined criteria or incineration without adequate energy output.

Nov. 2024 Short version “Plastics flow in Germany 2023"
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Material, mechanical, chemical and feedstock recycling

Material recycling

Physical recycling

Mechanical recycling

Chemical recycling

Feedstock recycling

Material recycling is subdivided into mechanical recycling, chemical recycling and feedstock recycling.
Physical recycling is also a type of material recycling, but due to research level not yet considered, today.

A process in which polymers are separated with the aid of solvent from plastic composites or plastics blends.
With this process, the polymers are preserved.

Physical recycling refers to a number of different processes for the recycling of plastics, including, for
example, selective dissolving, extraction, precipitation and crystallisation.

Processing of specified plastics waste into secondary raw materials or products without any significant
modification to the chemical structure of the material.

Conversion of plastic-containing waste fractions into monomers or for the production of new materials by
modifying the chemical structure of the respective waste fractions by cracking, gasification or
depolymerisation, but without energy recovery and incineration.

Feedstock recycling describes the use of plastics as a substitute for coke in steel production.
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Glossary (8/10)

Energy recovery and substitute fuels

Energy recovery

Solid recovered fuel

Energy recovery covers both incineration in modern, efficient waste incinerators and the use of substitute
fuels - see below - in power plants and cement factories. With energy recovery, the technical definition is
taken as the basis: incineration in a waste incinerator with effective energy output or with energy
utilisation.

Solid recovered fuels (SRF)are produced from the treatment or processing of waste streams with high
calorific value. Specified SRF are used together with conventional fuels in so-called co-combustion, mainly
in cement, lime and lignite power plants, and to a large extent also in industrial power plants (high-calorific
fraction) or as the sole fuel to substitute fuel power plants. Plants using SRF must at least meet the
requirements of the EU Directive (2000/76/EC) on the incineration and co-incineration of waste throughout
Europe. In Germany, the 17th BImSchV applies to waste incineration and co-combustion plants. For
example, the secondary fuels specifically processed from selected material flows can be used to a large
extent in cement kilns due to the higher quality requirements resulting from sophisticated processing
technologies. With energy shares of about 15% and above, raw waste such as used tyres, mixed plastics,
industrial and commercial waste, as well as meat and bone meal and animal fats are suitable for use in the
cement industry by substituting fuels.
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Plastics types / Abbreviations for plastic types

PE-LD/LLD Low-density / low-linear density polyethylene

PE-HD/MD High-density / medium-density polyethylene

PP Polypropylene

PS Polystyrene

PS-E Expanded polystyrene (EPS)incl. XPS (extruded polystyrene foam)

PVC Polyvinylchloride

ABS, ASA, SAN Acrylonitrile butadiene styrene, acrylonitrile styrene acrylate, styrene acrylonitrile copolymer
PMMA Polymethylmethacrylate

PA Polyamide

PET Polyethylene terephthalate

Other thermoplastics

PUR

Other plastics

Nov. 2024

Other thermoplastics, e.g. POM (polyoxymethylene), PC(polycarbonate), PBT (polybutylene terephthalate),
blends etc.

Polyurethane

Other plastics, e.qg. thermosetting plastics such as epoxy, phenol and polyester resins, melamine resins,
urearesins

Short version “Plastics flow in Germany 2023"
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Miscellaneous

CAGR

CAGR stands for "Compound Annual Growth Rate". The CAGR represents the average annual growth rate of
a variable under consideration. The CAGR thus represents the average percentage by which the initial value
of a time series grows for the reporting years until the final value is reached at the end of the reporting

period.
The formula for calculating the CAGR is:
[(final value / starting value) A (1/ number of years)]-1*100

Nov. 2024 Short version “Plastics flow in Germany 2023"
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