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Concerns about Biodegradable bio-based plastics

* Act as contaminants deteriorate conventional bale quality

» Too little to sort & recycle, not economically viable

Consider the application and production capacity, we first focus on PLA
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Sorting Model + Economic Assessment

A systematic, data-driven framework designed to simulate the material flows within Material Recovery Facilities

(MRFs) based on material flow analysis (MFA) approach, coupled with economic viability assessment
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What have we done?
Material flow analysis of PLA packaging at MRFs with Cost-Benefit Analysis CBA

| R0 | (=] = Scenario: BAU and +NIR PLA
o — mm ® Scenario: Increasing market penetration
e o —f o, ol —] T | S
oo}t e o]
S R e R e -
NIR Sorting efficiency
<iom e .
—  99% for virgin, 97.4% for degraded PLA
== R | products (Chen et al., 2021).
T SRPLA | PLABAe —  97.8% (Titech) and 99.6% (Gertman et
o o al.,2013) from mixed PET waste stream.

—  88.04% (CE Delft, 2019)

(Li et al., 2025, Resources, Conservation & Recycling, in revision)
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PLA flow at MRF

BAU scenario

PLA bottles: 190.5 D

PLA bowls: 143.0 D

PLA trays: 190.5 D

Input PLA (tonne): 1,000.0
PLA cups: 143.0 D

PLA coffee capsules: 95.2 D

PLA films: 143.0 I—I

LDPE Bale: 0.0

PP Rigid Bale: 0.0
HDPE Bale: 0.0

Residue: 986.3

Residual amount (ton)

20000

15000

10000 4

5000 +

I BAU J +NIR PLA

PLA does not disturb PET recycling under the current market share!

== MPO Bale: 4.0

+NIR PLA scenario

PLA bottles: 190.5

PLA bowls: 143.0

PLA trays: 190.4

Input PLA (tonne): 1,000.0
PLA cups: 143.0

PLA films: 143.0

| | |

PLA lids: 96.0 ||

PLA coffee capsules: 95.2 D

LDPE Bale: 0.0
PP Rigid Bale: 0.0
== PET Bottle Bale: 1.4 I

PLA Bale: 697.4

=== PET Trays Bale: 0.7
ale:’].2

== PS B:

=

‘ Residue: 288.8
‘ »

¢ Cartons Bale: 0.7
=== Ferrous Bale: 1.
== MPO Bale: 4.0

———== N-Ferrous Bale: 4.0

© BAU ® +NIRPLA
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Economic assessment CAPEX: 40.6 M€

Cost Breakdown
EguiEent Cost Quantity Su_.m Reference
Loader €312000 2 € 624,000 Cimpan etal., 2016a with 30% inflation considered
Bag opener €130,000 2 € 260,000 Cimpan etal., 2016a with 30% inflation considered
Conveyorbelt €16250 T2 £1.170,000  Cimpan etal., 2016a with 30% inflation considered
Drum screen €240,000 3 £€720,000 IFE Aufbereifinsstechnik GmbH Industrial reference &
Wind shifter (includeair Labor cost 56.250€ per person per year )
compressorsystemand dust  £240,000 2 € 480,000 Industrial reference (KidneyS&B) Expert judgement
filtration) _ ] Industrial reference &
Overbeltmagnet €63.000 4 € 260,000 Cimpan etal.. 2016a: Van Camp etal.. 2024 1 .. . | .. . .
Eddy cusrent separator £105.000 2 £210000  Cimpanetal, 2016a; Van Camp etal, 2024 Electricity (0.162€/kW) electricity price x electricity Expert judgement (details
P ; ' i Wh can be found in SI Table
NIR sorter L2mbeltwidth 200 009 13 £3.600000 Industial reference (SUEZ) consumption (kWh)
(233 th) S14)
NIR 1.6m belt width (4-
5 t_hfm“ sl 1= e300 4 €920000  Industial reference (SUEZ) _ ' Industrial reference &
IR sorter2.4m beltwidth (5 Repair and maintenance 6.5% of TIC .
; t_h}“m" mbeltwidth - ¢ 570000 2 £540,000  Indushialreference (SUEZ) Expert judgement
. Industrial reference &
Air compressorfor NIE. sorters €39,000 24 €036,000 Cimpan etal., 2016a with 30% inflation considered Insurance 2.0% of TIC A
Ballistic separator €175.000 2 € 350,000 Model InSystem 001 Expert judgement
Cage, bailer & container €276250 2 € 532,500 Cimpan etal., 2016a with 30% inflation considered Fuel (1 600 EUR/m3) Fuel prioe x material load Cimpan et al., 201 6a
SUM (Equipment Costs - Di
sposal Cost (140 . .
EC) €10.622,%0 po ( 140 EUR/t x Residue amount (t) Cimpan et al., 201 6a
Equipment installation 45.0% of EC  €4.780.125  Peters, 2003 EUR/t)
Electrical engineenng 20.0% of EC €2,124.500  Peters, 2003 Overall
Instrumentation and corrol Lang, 1948 Sorting Cost € 186 Overall plant OPEX/plant
o ’ ; _ orting Cosi .
(automation/control system 10.0% of EC €1.062.230 ) annual capacity (75 ktonne
integratiorn) Lang, 1943 (EUR/t) apacity ( )
Site preparation(gradng, 50%ofEC  £353L125  Peters, 2003
drainage)
Processbuildings (platform, substructres)  12.3% of EC Peters, 2003
Auiliary building 12.3% of EC Peters, 2003

Service facilities (provide .« . . .
power, compressedair, utlities, 100%ofEC  £4219000  Peters, 2003 SenSItIVlty anaIYSIS:
including office)

Land (propertycost, survey,

pn +25% change of cost parameters

Engineering and supervision 33.0% of EC €3.505,425  Peters, 2003

Construction expenses

{temporary office. insurance, 39.0% of EC €4.142.773 Peters, 2003

accounting, field tests)

Contractor's fee 17.0% of EC €1,305,825  Peters, 2003

Projectmanagement 7.0% of EC €743,573 Industrial reference
Sum (Tco::: IT"I:;’;“" M £36860.075 Cimpanetal. 20162

Contingency (urforeseen costs) 10.0% of TIC  €3,686,008  Peters, 2003

Annualized CAPEX £4224087 Cimpanetal 2016a

in CBA
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Costs-Add NIR PLA

Cost Parameters 0.165%  0.57% 1% 3% 5% 10% 15% 20%

NIR sorter (incl.conveyor&hopper) 230,000 € 230,000 € 230,000 € 230,000 € 230,000 € 460,000€ 460,000€ 460,000€
Air compressor/blower 39,000€ 39,000€ 39,000€ 39,000€ 39,000€ 78,000€ 78,000€ 78,000€
Installation cost (8% eq) 21,520€ 21,520€ 21,520€ 21,520€ 21,520€ 43,040€ 43,040€ 43,040€
Project management cost (7%) 20,336 € 20336€ 20336€ 20336€ 20336€ 40,673€ 40,673€ 40,673 €
Contingency Cost (10%) 31,086 € 31,086€ 31,086€ 31,086€ 31,086€ 62,171€ 62,171€ 62,171€
Annualized capital cost (7-year lifespan) 48,849€ 48,.849€ 48849€ 48.849€ 48849€ 97,698€ 97.698€ 97,698 €
Labor (56,250 €/year, person) 168,750 € 168,750 € 168,750 € 168,750 € 168,750 € 168,750 € 168,750 € 168,750 €
Electricity (0.16 €/kWh) 50976 € 50976€ 50976€ 50976€ 50976€ 50976€ 50976€ 50,976 €
Maintenace (6.5% Capex) 3,175€  3,175€  3,175€ 3,175€ 3,175€ 6,350€ 6,350€ 6,350€
Insurance cost (2% Capex) 977 € 977¢€ 977 € 977 € 977 € 1,954 € 1,954 € 1,954 €
Depreciation cost (15%) 7,327€  7,327€  7327€  7327€  7,327€  14,655€ 14,655€ 14,655¢€
Total Operation cost 231,205 € 231,205€ 231,205€ 231,205€ 231,205€ 242,685 € 242,685€ 242,685 €
Allocated Costs (Input PLA share*plant

OPEX) . 24515€ 84,694 € 148,585€ 445,756 € 742,927 € 1,485,877 €2,228,810 €2,971,708 €
Disposal saving (140€/t) €14.899 €48998 €85,199 €253,574 €388,727 €843,053 € 1,235,127€ 1,685,135
Revenue (Market value of sorted

PLA,250€/t) €29351 €90248 €154,903 €455,621 € 756,399 € 1,508,317€ 2,260,230€ 3,012,164
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PLA sorting cost

Sorting Cost (€/t.output)
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Cost benefit analysis (€/t)

400 -
| 180€/t
_ 149€/t
200 198€/t
] 3/t 142€/t
0
=200 -
—400
—600 -
—800 -
] -906€/t
—1000 +
. Revenue
—1200 + Total cost
. —®— Net PLA sorting cost
~1400 v
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Input PLA

Break-even point: 2.4% of PLA at MRF input waste stream




Sensitivity analysis

€ £25% in market value of sorted PLA
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Break-even point (PLA price & disposal cost)

Increasing market demand and policy support

Break-Even PLA Mass vs. PLA Price & Disposal Cost

100

Market value of sorted PLA (EUR/t)

100 150
Disposal cost (EUR/t)

Increasing landfill tax and gate fee

(9%} (o)) O —_— —_ — N [\
. ) i o] — =
Break-Even input PLA mass (ktonne)

S

Required PLA mass
for profitable sorting
(at MRF of 75,000 tonne per year)
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Break-even point (NIR sorting efficiency)

< 5.0%-
= 4.5%
54.0%—
= 3.5%;
2 3.0%-
= 2.5%-
2.0%]

Bre

NIR Efficiency = 88%
Break-even = 2.4%

1.5%-

60% 65% 70% 75% 80% 85% 90% 95%

NIR PLA Sorting Efficiency
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Take-Home Message

1 PLA is unlikely to disturb PET recycling under the current market share
 PLA sorting can be economically viable when it reaches 2.4% at MRF input

1 Improvement in NIR sorting can facilitate PLA sorting investment
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Model Output_Process yield

FP 0.00071kg

(0.01%)

—»{ LDPE bale

| NIR LDPE
1L PLA >
Milk bottle —— R Y
(MB) ST 10kg (10%)
FP 75kg (75%) VB 97k MB 2.91kg (3%)
ST 87 2%( FP 7.2kg (90%)
2kg

:

:
H

1L Single- 1
Wind Shifter

use tray —

[ ] FP 24.2kg
»  NIR Carton »Ballistic Separator

(sT) MB 100kg
ST 90kg MB 2.91kg (97%)
PLA Film FP 25kg ST 78.2kg (100%)
bazokre MB 3kg (3%) FP 7.2kg (10%)
freshry — Carton bale )ST 2.7kg \ 4
products FP 0.8kg NIT PET
(FP) —

MB| (2.08%)

ST (2.08%)

PET Bottle
bale

PET Tray bale

A

4

MB 96.76kg (96.76%)
ST 97.09kg (97.09%)
FP 99.17kg(99.17%)
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Bale Quality

Model BAU
Belgium Fost Plus
® France CITEO

100%

80%

60%

40%

20%

0% -

Quality observatory report (CITEO 2023)

# Model +NIR PLA Scenario

(ffi

Ferrous

96.9%
95.0%
95.0%
87.9%
96.9%

Cartons

97.1%
95.0%
95.0%
92.0%
97.1%

94.6%
95.0%
95.0%
91.6%
94.6%

69.2%
93.0%
90.0%
90.1%
69.3%

LDPE

86.0%
93.0%
95.0%
82.0%
86.0%

PET
Bottle

97.7%
97.0%
98.0%
96.0%
97.7%

PET
Trays
95.5%
97.0%
98.0%
96.0%
95.4%

PP Rigid

97.5%
96.0%
95.0%
88.1%
97.5%

HDPE

97.2%
96.0%
95.0%
88.1%
97.2%

96.8%
96.0%
98.0%
88.1%
96.8%
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~ BAU| | +NIRPLA . BAU ||| +NIRPLA

100% - 100%
80% - 80% 1
E 60% - 60% -
: :
r =
5 0% - 40%
20% - 20% -
0% 0% -
S R S R T A T R > >
S A , . g S
& & & & ‘bo"“ & T g® A & &Q & &0 *'o\& e‘“\Q &“ﬁ% '@b '@b ®
& & 3 N\ S8 va & ¢ & (D < NP
&S r N S X A
MR o Ll
+ Qo éoo'

Q?!OSPER



'SPER




Grade of sorted PS (a) Grade of sorted PLA (b)
80.0% 99.0%
98.0%
T5.0%
97.0%
70.0%
96.0%
65.0%
95.0%
60.0% 94.0%
plus NIR PLA Case 1 Case 2 Case 3 plus NIR PLA Case 1 Case 2 Case 3
PLA yield (c) PLA presence in PET bottle bale (d)
80.0% 0.20% 0.19%
0.16%
0.14% 0.141%
T5.0%
0.12%
0.08%
70.0%
0.04%
. 0.02%
65.0% 0.00%
plus NIR PLA Case 1 Case 2 Case 3 plus NIR PLA Case 1 Case 2 Case 3
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< 5.0%
= 4.5%-
£4.0%
= 3.5%1
2 3.0%-
S 2.5%
= 2.0%-

1.5%+— | | | | | | |
" 60% 65% 70% 75% 80% 85% 90% 95%
NIR PLA Sorting Efficiency

NIR Efficiency = 88%
Break-even = 2.4%
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Frequency

Distribution of PLA Recovery in MRFs
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PLA Recovery
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Frice of cquipment
Project management
Contingency cont

Price of cectricity

Price of fuel

Labor cant

Repair and maintenance
Insarance cost

Market vahue of surted PLA bale

Disposal fee

(e}

as0e

Price of cquipment
Project management
Contingency cont
Price of dlectricity
Price of fuel

Labor cost

Repair and maintenance
Insurance cost

Market value of sarted PLA bale

Disposal fee I ——
pE—— Net PLA sarting orofit 53 €/onme
(©)
Sensitivity analysis : % PLA share Sensitivity analysis : 10% PLA share
we we e awe  1sme ame soe [CT ! e e
Price of equipment L]
Projest managemnent |
Contingency cont 1
Price of clectricity — ———
Price af fuel ]
Labor cost I I —
Repair and maintenance ] ——
Insurance cost . [ ]
Market value of sorted PLA bale
Disposal fee
Net PLLA sartins mrofit 119 Elanne Stameet 4 Net PLA sorting profit 142 Gtonne *leme ekt 1550
®
Sensitivity analysis : 15% PLA share Sensitivity analysis : 20% PLA share
L T T ] e MOE 1enE 1€ € 106 M0
Frice of cquipment ]
Project managemcat
Contingency cost
Price of clectriciry o —
Price of fuel
Labor cost I I
Hepair and maintenance —— ——
Insurance cost [ ] ]
Market value of sorted PLA bale
Disposal fec
180 Etonne Net PLA srting profit 195 €damne [P ———

Sensitivity analysis : 0.12% PLA share
CLOSDE  L00NE  SSOE 9006 sS0€

Sensitivity analysis : 0.41% PLA share
SE0E SSOE

06 90 A€ 30

Net PLA sorting cost 905 €tonne.

Sensitivity analysis : 1% PLA share
ame  awe wee e asee

Net PLA sarting cost -456 €/tans

Sensitivity snalysis : 3% PLA share
a0 s0€

[EF—————
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PLA Waste at MRF (%)

30.0%

PLA Waste Projection: Scenario Analysis (2023-2050)

25.0%

20.0%

15.0% 4

10.0% -

5.0% +

T
TotalEnergies Corbion (12.5% CAGR)
Prismaneconsulting (18.5% CAGR)
European Bioplastics (36.6% CAGR)

2.38% Threshold
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