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What role do BIOPLASTICS play in reaching the target
(2026-2085(




) rom biomass to biopolymers: feedstocks and polymer families

2 Renewable Feedstocks

>

>

Starch & sugars

Plant oils

Lignocellulose

Hemicellulose

Waste oils

CO, (emerging)

& Biobased Polymers

PLA

PBS(x)

Bio-PE

Poly rethanes

Cell lose
polymers

PHA

PBAT

Bio-PA

Epoxy resins

PEF

Bio-PP

PTT

% Market Reality

e Global bioplastics capacit projected
at <1% o&total b 2() (

e Biodegradable # drop,in- di. erent /oL
pathOa s reluired

e 2 ost pol mers still at pilot3demo
scale

e Strong /4 polic pull but cost signals
unclear



Why ), t, re of bioplastics are harder than it looks

@ Cost Compe%8eness

Biopol mers carr a 2567 price premium o8er &ssil,based
counterparts9High &edstoc: costs, smaller production 8olumes,
and immature process in&astructure : eep gate prices
uncompetiti8e 0 ithout polic support9

‘ End-of-Life Complexity

Biodegradable # industriall compostable92 ixed plastic 0 aste
streams, absent sorting in&astructure, and consumer con&usion
undermine circularit claims9/PR &ame0 or: s are inconsistent
across /4 member states9

? Feedstock ' ola%ity ( Land) se

<irst,generation &edstoc: s (corn, sugarcane) compete 0 ith &od

s stems and &ce seasonal price s0 ings9Lignocellulosic and 0 aste,
based routes are still scaling9Sustainable sourcing is a bo=Ilenec: at
e8er TRL stage9

[ﬂ., Inno8%on ( Assessment, aps

/n8ironmental impact methodologies ha8e been built &r &ssil
chemistr 9Appl ing LCA, SSbB, or T/A to earl ,TRL biopol mers
introduces high uncertaint , biogenic carbon accounting debates,
and missing data C distorting in8estment signals9



Bioplastics Landscape: T- L & / arket - eadiness

Selected bio,based pol mers b technolog readiness and production scale (2( 2D)

PLA / ) E( Commercial

PHA 4 F( Scale,up

PBS 4 D6 Scale,up

PEF 6 Pilot (A8antium G2( 2F)
Bio-PP 1( Bemo

PHB' H Bemo

Bio-PA 7 ) ( Commercial (niche)
PBAT 7 I ( Commercial

The financial structure o&a bioplastics &cilit scales non-linearly due to the high capital intensit o&8rmentation,
pol merization, and purification eluipment®



Why c, rrent cost methodologies cannot capt, re bioplastic
competitileness

X C rrent Approach 8 hat LCC Adds

Prod c%on-, ate TEA Life Cycle Cos%n9

» Stops at &ctor gate C ignores use,phase and /ol costs » <ull 8alue chain- &edstoc: M con8ersion M use M /oL

» 4ses static &edstoc: & energ prices (snapshot in time) » B namic cost modelling O ith price trajectories

» L o carbon pricing or /PR cost integration » Carbon tax & /PR &e integration as cost dri8ers

» Cannot model scale e. ects or learning cur8es » Scale and learning rate e. ects built in

» 2 isses circular re8enue (rec clate credits, biorefiner co,products) » Circular re8enue streams credited to s stem boundar

» Linear econom assumption- produce M sell M discard » Comparable to &ssil alternati8es on a' s stem,0 ide basis

The competitiveness of bioplastics cannot be evaluated at the factory gate. The full cost story only emerges over the entire life cycle.



Why con0Oentional cost analysis is ins, fficient for bioplastics

2 5 x Cost premium- bio,based 8s98ssil,

deri8ed pol mers

< 2 O/ Global plastics production currentl
O bio,based (2( 2D)

/4 Green Beal mandates

2 O 3 O measurable circularit metrics

8 hy Life Cycle Cos%n9?

- ; LCC captures costs across the &ll 8alue chain C
&edstoc:, con8ersion, use, and end,0&li& C not just
gate price9

1; Con8entional T/ A snapshots miss externalities,
polic costs, and circular re8enue streams critical &r
biopol mers9

3; B namic LCC models &ture carbon pricing,
&edstoc: 8olatilit , and scale e. ects C essential &r
in8estment decisions9

3; LCC pro8ides the common currenc to compare bio,
based and &ssil alternati8es on a system-wide basis9



102 LCC capt, res Oal, e recoOery, EoL b, rden, and EP- cost
allocation

f N N N N N
Feedstock | Processin9 a Prod ct a Collec%on a Mechanical 0
( Con&ersion ) se Phase ( Sor%n9 Chemical Recyclin9
\ & \ 4\ &\ &\ J
<eedstoc: cost CAP/Q30P/0 Burabilit costs /PR le8 allocation Rec clate re8enue
(N3: g biomass) /nerg intensit Product li&span Logistics cost P ualit degradation
Subsid eligibilit Process ield losses M &nctional unit Contamination losses Credit 8s98irgin cost

& Circular value return (credited back to LCC system boundary)



4ey LCC / etrics for Bioplastics

Q an%ta%Re indicators across the techno-economic and s stainability domains

Minimum Selling Price

Break-even price at zero NPV, primary
commercialisation threshold (€/kg)

NPV Net Present Value

Discounted sum of all cash flows at chosen WACC;
investment viability signal

Internal Rate of Return

Discount rate at which NPV = 0; benchmark against
capital cost of equity

CAPEX Capital Expenditure

Upfront plant, equipment, and commissioning costs;

often decisive for biopolymer scale-up

Operating Expenditure

Feedstock, energy, labour, maintenance, and waste
treatment per annum

MAC Marginal Abatement Cost

Cost per tonne CO; avoided vs. fossil reference;
£/tC0O.e signal for policy

cf;[cf/38 Eco-efficiency Ratio

kg CO.e per € of value created; integrates eLCC with
LCA carbon results

Process Mass Intensity

Total mass input per unit product output; proxy for
resource efficiency

Energy Return on Investment

Energy output divided by energy input across full
lifecycle



| etrics ) oc, sed on Emerging Bioplastics

-

& CAPEX( ? PEX
Decomposi%on

Separates capital expenditure (plant, in&astructure) &om operational
costs (&edstoc:, energ , labour)9@entifies the dominant cost dri8er C
critical &r scale,up strateg 9

Biscounted cash RoO o08er the in8estment horizon9Captures time,
8alue o&mone , polic ris:, and scale trajector 9Positi8e LPS T
economicall 8iable project at gi8en conditions9

@ Minim m Sellin9
Price (MSP)

The lo0 est price at 0 hich a plant brea: s e8en o8er its li&time at a
gi8en discount rate9The primar benchmar: &r comparing biopol mer
competiti8eness against &ssil counterparts

8B Mar9inal Abatement
Cost (MAC)

Cost per tonne 0&C0O, a8oided relati8e to the &ssil re&rence product9
Birectl comparable to /4 /TS carbon price C the bridge bet0 een cost
competiti8eness and climate polic




CAPE5 & OPE5 Comparison

Capital and opera%n9 expendit re per 62222 tonneOyear plant C bioplas%c 8s; fossil eD ialent

350

320

300

250

200 +

150

100

50

PLA PHA

CAPEX (€M)

PEF

PBS

M Bioplastic CAP/O(N2 ) m <ossil CAP/O(N2 )

Bio-PP

OPEX (€/k )

PLA PHA PEF PBS Bio-PP

M Bioplastic OP/O(N3: g) m <ossil OP/O(N3: g)

Bioplas%cs carry 1. 3E hi9her CAPEX owin9 to npro&en scale; Feedstock acco nts for 32. 52F of PHAG ? PEX C the dominant cost dri&er across the sector;



Cost Str, ct, re 6 ecomposition

CAPE5 and OPES5 allocation for representatiOe biopolymer prod, ction ro, tes

CAPE5 Breakdo2n 7 P1A (10 ktlyr( OPES Breakdo2n 7 PLA (:5 kt/yr)

W <eedstoc: (corn sugar3starch) m /nerg (steam, electricit ) m Labour & o8erhead

M Bioreactors & &rmentation W BoO nstream separation M 4tilities & in&astructure 2 aintenance Waste treatment & /ol

W /ngineering & commissioning ' Wor: ing capital

Feedstock dominates ? PEX for s 9ar-plaHorm biopolymersl fermenta%on infrastr ct re dominates CAPEX;
Both are tar9ets for LCC op%misa%on &ia scaleBfeedstock di&ersifica%onBand process inte9ra%on;



| arginal Abatement Cost

€0tC? Le reD ired for in&stment &iability &8; ¢ rrent E) ETS benchmark (€760tC? Le)

160 ~
145

140
PLA N) 6

120
PEF NFH

100
80 PBS NH2

60 —
Bio-PP NE6

40 -
PHA N1D6

20 +

0 -

PLA PEF PBS Bio-PP PHA

W 2 AC(N3tCO.e) m /4 /TS benchmar: (NH6)
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