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Emendo Consulting Group

66 ve empower people and foster
the good story

Established in 2006

90% of our business is within pharma and manufacturing industries.
We have 5 offices across Denmark, Germany, and the US. Our total
staff is +210 people, mainly engineers and scientists.
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Emendo Bioplastics Market Challenges Take-aways
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Relevant fields of expertise within product sustainability
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Emendo Bioplastics Market Challenges Take-aways

Requirements for plastics are strict in MedTech

Most used plastics in MedTech Material requirements Regulatory & other requirements
« Devices: PVC, PP, PE, ABS, PC, PU * Mechanical properties + Biocompatibility
« Packaging: PE, PP, PET, PVC, PS + Thermal stability « Traceability
* Chemical resistance *  Material availability
Key observation: +  Compatibility with sterilization « Material consistency
Engineers have a strong preference for +  Compatibility with reprocessing « Stable supply chain
using materials they already know. (reusable devices) + Need to update authorities about
..even if it means overdesigning and overpaying... material chcmges

High material and regulatory requirements make material transitions time-consuming and challenging.
There is a justified skepticism towards new ‘exotic’ materials.
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Emendo Bioplastics Market Challenges Take-aways

MedTech currently focuses on bio-based non-biodegradable plastics

Bio-b d q . q
oThe Currently, there is no infrastructure enabling

benefits of biodegradability of medical device
waste. Therefore, the primary focus has been on
Bio-based bio-based non-biodegradable plastics.

Biodegradable

\ 4

Non-biodegradable — — — — — — —|— — — — — — — Biodegradable

Fossil-based Fossil-based
Non-biodegradable Biodegradable ‘ ‘
Bio-based Bio-attributed
Fossil-based (physical segregation) (mass balance)
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Emendo Bioplastics Market Challenges Take-aways

ISCC PLUS certifies different chain of custody approaches ’ ISCC

Physical Segregation

Certified material
Certified material

Non-certified material @'

Non-Certified material

“Bio-based and fossil-based materials are treated
separately in the supply chain and in all manufacturing
steps. The final product consists only of certified material.”
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International Sustainability
&t Carbon Certification

Mass Balance

Certified material

Segregated in bookkeeping

Segregated in bookkeeping

Non-Certified material

“Bio-based material is mixed with fossil-based material
during the manufacturing processes in the supply chain and
separated in bookkeeping. The final material consists of
mixed input materials.”

“Mass balance enables the use of bio-based feedstock (biogenic carbon)
in intermediates or final products, and subsequent emission savings,
where the complexity of the value chains or the level of scale does not yet
allow for a full segregated production.”

CONFIDENTIAL - All use of this material without specific permission from Emendo Consulting Group A/S (“ECG”) is strictly prohibited . DISCLAIMER: This presentation is for the objective intended by ECG.ECG bears no liability forany other use thereof. 8

hups//www\scc sysremo rg e rtification khain-of -cust ody/
https /docs.european-bio plastics.or g/publications /o p/EUBP_PP_Mass_balance_a pproa ch_for_the. f_bioba: ock_for_polymer_production.pdf



Bio-attributed plastics are produced using the mass balance approach

The mass balance principle suggests that your products likely contain some bio-content already now.

Green electricity

Bio-attributed plastics are chemically identical to their fossil-based counterparts. The mass balance concept is not
ideal, but it has a great significance
0g0 _O .
= for the transformation momentum
':> % of the chemical industry.
Bio- c?'::szr:g:dsstock To othf\fk::r:wgphtha lT :> :> l<> The ma SS ba |a nCG en a b|eS a
A0 Eﬂ- = stepwise but continuous increase of
%000 cracki . : : the renewable carbon share.
racking Polymerization Device production
:> & Steam cracking of Manufacturing of Manufacturing of
naphtha & bio-naphtha bio-attributed plastics medical devices
i i Additional note:
Fossil ol Refining ‘Mass balance and free attribution’ (MBFA) is an
Crude oil, natural gas, etc. To obtain naphtha important term that many are not familiar with.
e m e n d o CONFIDENTIAL - All use of this material without specific permission from Emendo Consulting Group A/S (“ECG”) is strictly prohibited . DISCLAIMER: This presentation is for the objective intended by ECG.ECG bears no liability forany other use thereof. 9

CONSULTING GROUP



Emendo Bioplastics Market Challenges Take-aways

Vioneo — pioneering fossil-free manufacturing of POs from bio-methanol

VIiOoNeo

[ \ Virgin grade, green PP and PE
Green methanol Conversion Polymerisation for automotive, consumer,
Green H, . PP - Homo and medical use cases
N Lo Propylene
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Green methanol
will be sourced

output g “EY- output

New built plant powered by renewable electricity and with circular emissions plant design,

fully segregated and traceable input and output

« Fully fossil-free PP and PE produced from green methanol containing only biogenic CO2, eliminating fossil CO2 from the feedstock

« PP and PE with a market leading fossil reduction, saving up to 6kg of CO2 per kilogramme of plastic, and with the lowest carbon

abatement cost in the market

« Drop-in, virgin quality plastics with identical qualities as conventional plastics, requiring no process or product modifications

+ Fully segregated and traceable from input to output, without any use of fossil infrastructure or mixed feedstock

emendo
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Emendo Bioplastics Market Challenges Take-aways

Selected relevant material suppliers of bio-attributed plastics

The market of bio-attributed plastics is rapidly developing.
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Essential information on the market of bio-based plastics £: 53

Information extracted from market reports on bio-based polymers generated by the Nova Institute and European Bioplastics.

« In 2024, the total production volume of bio-based polymers was 4.2 million tonnes, which is around 1% of the total production volume of
fossil-based polymers.

. Bio—based( polyrr)wers will grow by 13% per year (CAGR) between 2024 and 2029, which is significantly higher than the overall growth of
polymers (2-3 %).

« Asia and North America will drive bio-based polymer capacity growth. Europe’s market share is expected to decline by 2029.

Plastics Production From 1950 to 2023
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Includes tf ics, poly: 3 elastomers, i coatings and sealants and PP-fibres for fossil-based plastics.
Includes tt ics, poly 3 and fibres for bio-based plastics. Not included PET-, PA- and polyacryl-fibres.
at www. bl bon.eu, i Source: nova estimate based on Plastics Europe Plastics - the fast Facts 2024. [@lolele) &-Inmiﬂm.eu | 2025
CONFIDENTIAL - All use of this material without specific permission from Emendo Consulting Group A/S (“ECG”) is strictly prohibited . DISCLAIMER: This presentation is for the objective intended by ECG.ECG bears no liability forany other use thereof. ]2

CONSULTING GROUP

https /www.e uro pe an-bio plastics.or g/market/
https /re newabl bon.eu/publi /product/bio-based-building-blo cks-and-polymers-glo bal-capacities-prod uctio n-and-tre nds-2023-2028-sho rt-versio n/




Emendo Bioplastics Market Challenges Take-aways

Substantial carbon footprint benefits vs. premiums

Large portion of emissions comes Bio-attributed plastics offer . S .
from raw materials substantial carbon footprint benefits T b D= S e [ L
Scope emissions Examples of carbon *  Premiums are usually around 30% -
. . . 100% of base price
of a typical MedTech company footprints of plastics .
* Premiums usually depend on:
4 o Bio-attribution level
(#5%) Y= E
°x 3 o Type of polymer
5% (+5%) £48 5 o Type of feedstock
%-8 « Impact on COGS:
o g 1 I o Marginal for expensive devices
Su 0 | —_— o Noticeable for cheaper devices
90% (10%) a2 . .
el Q O O L L + Implementation costs:
T @© ‘-l Q ) vio vio Q N OQ . ] H ’
vg S .0 Q& o Marginal for ‘dropins
Often at least 50% of -2 Q . .
Scope 3 emissions are o Same as conventional material
related to raw materials. Changes for ‘non—drop ins’

+ Data on fossil plastics obtained from PlasticsEuro pe (Eco-profiles set).
« Dataon bio-attributed plastics depicts examples of commercially
available resins.

u Scope 1 Scope 2 Scope 3 « Carbon footprint of bio-attributed plastics were assessed following the

-1/+1 approach.
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Emendo Bioplastics Market Challenges Take-aways

Accounting for biogenic carbon remains a challenge

Brand owners must decide on the approach to ensure consistency of current and future carbon footprint calculations.

0 /0 approach

Pros:

Simplicity in LCA
Prevents overestimating benefits
Less risk of misreporting

Ccons:

Underestimates biogenic carbon benefits
Less incentive for biobased materials

-1/ +1approach

Pros:

+ Reflects the circular nature of biogenic carbon
* Provides clarity on carbon flows

* Incentivizes the use of bio-based material

Cons:

+ Complicates LCAs
* Challenging communication

emendo

- Lack of transparency (difficult to communicate benefits) + Misleading assumptions of neutrality
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Emendo Bioplastics Market Challenges Take-aways

Moral dilemma of using the 15t Generation bio-based feedstock

If scaled, the use of 15t Generation feedstock (feedstock that could be used as food) may interfere with food supply chain.

Simplification of two approaches to 1 Gen feedstocks

. Neaative imbact on food « Marginal negative impact on the food industry.
9 npa « Climate change is the biggest threat to food
supply chain. v stabilit
+ Costs of food will increase SUPPTY StAbIity.
+ IstGen feedstocks could be used for food

affecting lives of many. production in crisis times.

Statements from 3 Danish companies and EU on using plastics with bio-content

Each company is taking a different approaches to bio-based feedstocks
(all statements found online)

A mmi b L o EUROPEAN
H MMISSION
novo nordisk COMMISSIO
“Plants from plants are the first LEGO “It is important to us that second- “If using biobased plastic, it must be “.producers should prioritise the use
elements made from a plastic generation feedstock is used based on 29 or 3@ generation of organic waste and by-products
produced using sustainably sourced because it is not employed for food feedstock.” as feedstock..”
sugarcane.” production.”
emendo
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Take-aways

Bio-attributed plastics do not compromise patient safety or product performance and are
compliant with industry standards.

Bio-attributed plastics can be seamlessly implemented, bring substantial carbon footprint
benefits, but come with non-insignificant premiums.
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Emendo Bioplastics Market Challenges

Pros and cons of bio-attributed plastics

Current situation in a nutshell: GREAT INTEREST but NO ACTION

Pros Cons

« Substantial carbon footprint benefits « Non-insignificant premiums

+ Global availability increasing « Challenging carbon footprint calculations
+ Stable supply chain « Challenging internal communication

+ Wide range of available feedstocks .
« Decoupling from fossil fuel dependence

« Often ‘drop in’ replacements

+ Plastics with properties same as fossil-based
+ Same recycling streams as fossil-based

« Good marketing potential

Need to transparently communicate mass balance
externally

Still ‘only” mass balance

So why is the market stuck?

Premiums to high?
Mass balance being problematic?
Communication too complicated?
Lack of time or clear strategy?

emendo
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Emendo’s areas of expertise within product sustainability

PROJECT MANAGEMENT

MATURITY ASSESSMENT = MATERIALS » MANUFACTURING » LOGISTICS

Corporate level assessment Low-footprint materials Eco-design Renewable electricity Transport packaging
Assessment of R&D units Recycled materials Design for recycling Waste identification, VSM Impact assessment
BioPlastics Recyclability guidelines Waste reduction Supplier selection
Carbon capture & utilization Recyclable packaging Recycling of waste BioFuels
CARBON FOOTPRINT LCA SCREENING

COST-BENEFIT ANALYSIS

LEGISLATIVE LANDSCAPE

Thank you!
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