How do we use
Life-Cycle-Assessment
to quantify CE
contributions on our way
to climate neutrality?
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Dr. Frank Buckel

Sustainability Solutions — Advocacy
Covestro
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Introduction

LCA - as standardized
calculation method

The impact of recycled content
on the Makrolon® carbon footprint

The contribution of raw materials
derived from mass-balanced
bio-waste and residues to
carbon (footprint) neutral
Makrolon®
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Introduction covestrc)

Carbon (footprint) neutral is THE way to mitigate climate change g

TARGET

WHY: to stabilize the climate @

WHO: idea gets more and more followers ®)
HOW: first studies quantify different levers ()

\ W

(a) Press_release_wagi_ar6_website-final (ipcc.ch); (b) Factsheets on the European Green Deal | European Commission (europa.eu); Carbon Pricing Dashboard | Up-to-date overview of carbon pricing initiatives (worldbank.orq);
(c) Studie_Treibhausgas_engl_vl.indd (vci.de)
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https://www.ipcc.ch/site/assets/uploads/2021/08/IPCC_WGI-AR6-Press-Release_en.pdf
https://ec.europa.eu/info/publications/factsheets-european-green-deal_en
https://carbonpricingdashboard.worldbank.org/
https://www.vci.de/langfassungen/langfassungen-pdf/vci-study-greenhouse-gas-neutrality-in-the-german-chemical-industry.pdf

Introduction covestrc)

Guidance is needed to reduce as fast as possible the carbon footprint of our activities _”

- .
emissions reduction of

P fuel / 9 COZQQ/Vkm \: ; B
% * electricity due to saved
ER production emissions in
O L R vehicle use (© %~10 X

production

6,7t CO,
per person in 2019 @ use 95% @ A

LT

equal to 111 tree O ~0,1 x @7

seedlings grown for
10 years ®)

g CO,eq/t km ()

(a) Greenhouse gas emission statistics - carbon footprints - Statistics Explained (europa.eu); (b) Greenhouse Gas Equivalencies Calculator | US EPA; (c) Determining the environmental impacts of conventional and alternatively fueled vehicles
through LCA - Publications Office of the EU (europa.eu); (d) MeasuringAndManagingCO2EmissionOfEuropeanTransport-McKinnon-24.01.2011-REPORT_TRANSPORT_AND_LOGISTICS.pdf (cefic.org)
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Greenhouse_gas_emission_statistics_-_carbon_footprints
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://op.europa.eu/en/publication-detail/-/publication/1f494180-bc0e-11ea-811c-01aa75ed71a1
https://cefic.org/app/uploads/2018/12/MeasuringAndManagingCO2EmissionOfEuropeanTransport-McKinnon-24.01.2011-REPORT_TRANSPORT_AND_LOGISTICS.pdf
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LCA — as standardized calculation method co\,est,o\

Life cycle assessment is defined in ISO standards and provides this guidance N
DIN EN ISO 14040:2021-02 /
DIN EN 1SO 14044:2021-02
E' OUR [ u@i}'fi@m
_i = Life Cycle Assessment (LCA) is a technique to
assess the potential environmental impacts of
our raw = products or processes throughout their entire life
meterials "”"Sﬂ@s cycle — including raw material acquisition, production,
Life Cycle use and end of life.
Assessment = A life cycle is defined as “consecutive and interlinked
@ stages from raw material acquisition or generation of
natural resources to the final disposal”
end of @pem@ﬂ@m

life use ©{F product
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LCA — as standardized calculation method co\,est,o\

Elements and relevant terminology of life cycle assessments according to ISO N

JD‘

Interpretation of results

T T T
1 & -
<\ K Life Cycle Inventory (LCT) q Life Cycle Impact

Goal and scope definition
Functional unit: reference unit Quantification of a product A.ssessrr.\en'r (LCIA)
to quantify product system <:> system’s resource consumption <:> Conversion of inventory data to
Lperformance and direct emissions impact categories
CO;
O VS. Inputs > & Impacts
> 13 s — -
=G 5 T
s Product System v
: : 9 > —
" kg‘gfel};?;lemc over vehicle lifecycle = ¥ ¥ 3 H \ 8@
with 150 tkm Outputs L—v etc.

DIN EN ISO 14040:2021-02 and 14044:2021-02 define the framework for conducting an LCA
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LCA — as standardized calculation method co\,est,o\

System boundaries — a product carbon footprint (cradle to gate) or the full life cycle N

& EXAMPLE: &

iﬂ . environmental B our pr@d@@ﬁ@@ gate-to-gate
: . (one value-added-

process in the entire

ar v impact of
S Life Gycle 1 laptop A-cover production chain)
by J i OUP PAW
@ﬁ Asssssment (functlona/ Unlt) materials i
g from cradle-to- Life Cycle &

o MWM grave (system Assessment

@ Q boundarle.f.‘)@made cr‘adle-'l'o-ga‘l'e our production
of Maezio® or

(from raw material extraction to
MgAl Alloy factory gate) Q
cradle-to-grave

(LCA from raw material EXAMPLE: ) D

extraction (‘cradle’) to environmental impact Life Cycle

use phase and end of life of the production of Makrolon ® Assessment
(‘grave)) — 1 kg Makrolon®

(functional unit)
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LCA — as standardized calculation method

Impact categories — carbon footprint is only one environmental impact @

i

Fossil Resource
Depletion

Abiotic Resource
Depletion Potential -
fossil (ADPf)

Unit: MJ

O;

(30

CO, Climate Change

4 Global Warming
l Potential (6GWP)
Unit: kg CO,-eq

Acidification
Acidification oo
Potential (AP)

Unit: kg SO,-eq

ﬁo S0,
E1

(a) the selected impact categories here represent the most relevant impacts with reliable methods and high data quality and are mandatory impacts currently assessed at Covestro.
Other impact categories are e.g., land use, water, particulate matter, or toxicity
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Summer Smog
Photochemical Ozone
Creation

Potential (POCP)
Unit: kg ethene-eq

Aquatic Oxygen
Depletion
Eutrophication
Potential (EP)
Unit: kg PO,3--eq

® 0 0
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The impact of recycled content on the carbon footprint £ o)
Production chart including system boundaries

(
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I

===
I e e == -
How to share : raw material |, I
credit / | extraction I Where does N :
burden | U : the 2 life g :
be‘rweer} 1st : Makrolon® | starts? :
and 2nd ife? | production | | Final |
|
' |
|
I : :
|
|

' !

' |

: L= : X% recycled —— | post- |
product post- |1 | PIRPC [, ° 1| PCRPC consumer sorting |

‘| manu- (o industrial (15> 1 | recycling | | content & 1| recycling |1 1| Pcwaste [P cosiqie |

: i Makrolon® yeling 1 : residue |,

: facturing PC waste : : process | I : process || collection :

| | d s
| . J an first lif
| g f'";};'fe : : gate-to-gate, e  gate-to-gate ! sorting PCR © :
| |

I___.._. _________ 1 ___PER___I ___P_C_R___: e e e = = = = = = == '

PC: Polycarbonate; PIR: post-industrial recyclate; PCR: post-consumer recyclate
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The impact of recycled content on the carbon footprint £ o)
The Circular Footprint Formula from Product Environmental Footprint Category Rules @ .

Circular Footprint Formula (CFF):
type of
PC waste CFF = f (A; Qs/Qp: ..)
pOST' pOST' with A: the allocation factor,
industrial consumer where A = 1 means no burden from 15t life
(equivalent to a cut-off approach)
for PIR PC for PCR PC where A = 0,5 means equilibrium between offer and demand
A=05 A=1 (focus on both recyclability and recycled content)
t -
(burden fr‘om 1s (cut-off with Qs/Qp: the quality ratio between secondary and primary material;
life considered) approach)
where Qs/Qp = 1 means recyclate has virgin quality
Qs/Qp=0,75
(basically virgin where Qs_/Q_p = 0,75 means yirgin quality except loss of
quality considered) characteristics for food, medical, etc.

(a) PEECR_quidance_v6.3.pdf (europa.eu)
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https://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR_guidance_v6.3.pdf

The impact of recycled content on the carbon footprint L vesr)

Calculation results and carbon footprint reduction potential N
CO; cradle-to-gate CO; cradle-to-gate
f \ pure grades @ @ \ hybrid grades
A 2 A . Z (Makrolon®) (@
30 + x Y 30 + =~
A \\\‘\é\ to keep high quality
~50% ~ Ao as recyclates are
reduction ~80% \G \\ A no drop-in
reduction ~ o T~o
15 + \A 15 <+ S o ~
~
— -~ ~
burden _‘l
from (% O (% kg CO,-
1st life v % % eq/kg | | |
kg CO,- 100% 100% 100% recycled 30% 50% 70%
eq/kg PIR PC virgin PC PCR PC content 0 °
(Makrolon®) Ax% PIR  Qx% PCR

(a) based on the methodology of international standards DIN EN ISO 14040:2021-02 / DIN EN ISO 14044:2021-02; for the calculation GaBi database version 10.0 were used wherever possible for background data;
impact assessment according to CML 2001 — Aug 2016; critical review performed by TUV Rheinland;
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The way to carbon (footprint) neutral Makrolon® et}

Production chart with raw materials derived from mass-balanced bio-waste and residues N

fossil raw Makrolon® RE
P B materials m
mass-

waste & m balanced
residues poly-
| carbonate
specific
inpuf mass- our . inp"”
balanced @ production allocated
. raw

. materials fossil poly-
fossil raw material + carbonate | |
0 naphtha : inpu
pr'OdUCTlon other qllocq'red m Krol ®
fossil i l 4 axrofon
e roducts :
v ISCC+ certification Pro further option:
of the mass balance chain of custody o ensure renewable elec‘rrucn’ry
appropriate allocation of a specific input for own production
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The way to carbon (footprint) neutral Makrolon®

covestrol
Calculation results for bio-circular raw materials & renewable energy in own production N

ofly A

normalized LCA CO,
) _ results(@ s
5 30 + A
cradle-to-

A\ Makrolon® @ ~ g
~80% , 100% , O Makrolon® RE ©@ .77 N HG
reduction reduction ’ N
kg COz' 1,5 T
eq/kg incl.
biogenic C

gate

pla-d |la—>
>
N
S

carbon
A neutral

v ; £
“ |ﬂmac‘:ilrer'ials 0 M d B I dTT

<> electricity fossil-based T Makrolon® T Makrolon®
<> others Makrolon® (@ Y R ® v RE ©

(a) based on the methodology of international standards DIN EN ISO 14040:2021-02 / DIN EN I1SO 14044:2021-02; for the calculation GaBi database version 10.0 were used wherever possible for background data; impact assessment according
to CML 2001 — Aug 2016; (b) replacing key raw materials with mass balanced bio-circular ones according to ISCC+; (c) replacing electricity grid mix with renewable electricity for Covestro processes; critical review performed by TUV
Rheinland; results presented at LCM conference 2021; (d) normalization via CML Normalization (World) in GaBi
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The way to carbon (footprint) neutral Makrolon® L oveso

Biogenic carbon accounted from the beginning to make it visible for the value chain N
A incl. biogenic @ % A excl. biogenic S
6,0+ = carbon — - _ carbon _ <
o + .g A a + o
IE o=
@ © S g @ 0 NI
~ — O v o kS]
30+ 1 - AR AN S v 5l v E
A o K3 2T o
CO; oY KON
T T — T -
1O S |5 O :
’ v i L _°
kg C/iZ‘ fossil-based Makrolon® same A, biogenic fossil-based Makrolon®  different A, biogenic
€q/Kg Makrolon® @ RE (© carbon accounted Makrolon® (@ RE © carbon only accounted at
from the beginning end-of-life incineration

To foster the transition away from fossil-based raw materials it is important to
account biogenic carbon from the beginning to make the benefit visible in the decision phase (material production).

(a) and (c) see slide 18; (d) overall A between fossil-based and mass-balanced bio-circular raw materials is the same incl. or excl. biogenic carbon
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S u m m ary COVGSI:I'OI
Key takeaways ) g

» Life Cycle Assessment (LCA)
is the tool to calculate our impact — not only, but especially

on climate change — guiding us on our road to get carbon
CLIMATE
13 st neutral.
@ = Makrolon®hybrid grades
et using mechanically recycled plastic waste and
calculating its impact via the Circular Footprint Formula

(CFF) — allows together with virgin to balance quality and

17 PARTNERSHIP RESPONSIBLE footprint reduction potential.
FOR THE GOALS 1 2 consumprIon
AND PRODUCT ION1

&@Q = Makrolon®RE drop-in solutions

GOB using mass-balanced renewable raw materials derived
from bio-waste and residues and including biogenic

carbon in the LCA cradle to gate (c2g) calculation, together

with renewable electricity for our production — enables a

carbon neutral product on par with virgin quality.
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Forward-looking statements Covest)
) g

This presentation may contain forward-looking statements based on current assumptions and forecasts made by
Covestro AG.

Various known and unknown risks, uncertainties and other factors could lead to material differences between the actual
future results, financial situation, development or performance of the company and the estimates given here. These
factors include those discussed in Covestro’s public reports, which are available on the Covestro website at
WWW.covestro.com.

The company assumes no liability whatsoever to update these forward-looking statements or to adjust them
to future events or developments.
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Zukunftsgerichtete Aussagen roveszc)
N\

Diese Prasentation kann bestimmte in die Zukunft gerichtete Aussagen enthalten, die auf den gegenwartigen Annahmen
und Prognosen der Unternenmensleitung der Covestro AG beruhen.

Verschiedene bekannte wie auch unbekannte Risiken, Ungewissheiten und andere Faktoren kdnnen dazu fuhren, dass
die tatsachlichen Ergebnisse, die Finanzlage, die Entwicklung oder die Leistungsfahigkeit der Gesellschaft wesentlich
von den hier gegebenen Einschatzungen abweichen. Diese Faktoren schlie3en diejenigen ein, welche die Covestro in
veroffentlichten Berichten beschrieben hat. Diese Berichte stehen auf der Covestro Homepage www.covestro.com zur

Verflgung.

Die Gesellschaft ibernimmt keinerlei Verpflichtung, solche zukunftsgerichteten Aussagen fortzuschreiben und an
zuktinftige Ereignisse oder Entwicklungen anzupassen.

22 Oktober 21 | Life-Cycle-Assessment INTERNAL @ @ Qou:é


http://www.covestro.com/

Thank you
for your attention

Dr. Frank Buckel

Sustainability
Solutions - Advocacy

frank.buckel
@covestro.com




