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List of symbols:
T Temperature
Omax  Ultimate tensile stress
Emax Failure strain
H Hardness
MFI Melt-flow index
N Screw rotation in extruders
p Density
Dim Injection moulding pressure
E Young’s modulus
ay Yield stress
Concentration
t Time
Abbreviations:

BMIM 1-Butyl-3-methylimidazolium hexafluorophosphate
MIMPS 1-(3-sulfonic acid)-propyl-3-methylimidazole
HDPE High density polyethylene

LDPE Low density polyethylene
PBS Polybutylene succinate
PEF Polyethylene Furanoate
PET Polyethylene terephthalate
PHA Polyhydroxyalkanoate
PHB Polyhydroxybutyrate
PLA Polylactic acid

PLLA Poly L-lactic acid

PP Polypropylene

TPS Thermoplastic starch



Table S1: Mechanical recycling of bio-based polymers, or petrochemical-based polymers for which
bio-based alternatives exist.

slip agents
and thermal

change up to 40 extrusion cycles.

Polymer Process conditions Results Reference
PP* Injection moulding. MFTI: increased after 4 cycles; after | (Aurrekoetxea et
Injection T =200 C, piy, = 594 bar 1 cycle E: increased, 0y: increased, al., 2001)
grade Emax: decreased.
PLA* Injection moulding in a twin- Rapid reduction in molecular (Badia et al.,
Thermo- screw extruder. weight. Reduction in mechanical 2012c)
forming T =200 °C properties after 2 reprocessing cycle.
grade
PLA* Accelerated aging by UV Slight molecular weight reduction, (Beltran et al.,
exposure, thermal degradation especially when washed. Little 2018)
and (for some samples) washing | change in thermal properties, barrier
in salt water. Reprocessed by properties, and mechanical
extrusion at (T = 120-180 °C) properties (Young’s modulus and
followed by hot pressing into hardness), although washing
films (190°C, 14MPa. induced more degradation.
PBS* Twin screw co-rotating extruder. | Rapid deterioration of thermal and (Georgousopoulou
N =100 min™! processing properties. Stabilisers etal., 2016)
T =190 °C, 200 °C, 210 °C. may be added to improve properties.
LDPE* Twin screw extruder, up to 100 | Rheological functions increase with | (Jin et al., 2012)
Commercial | times. extrusion cycles. Thermal properties
LDPE, N =150 rev min"!, T = 240 °C. did not change, but crystallinity
containing decreased. Creep behaviour did not

stabilisers
among other
additives
LDPE* Adding 3 wt% heat stabiliser, 1 o¢: 1-50% degradation, o7: 15% (Kabdi &
Agricultural | wt% lubricant and 30 wt% decrease to 31% increase, both Belhaneche-
films, milk plasticiser. Samples prepared in depending on product. bensemra, 2008)
pouches, hydraulic press at 170 °C and
bags 300 kN for 5 min.
PBS* Reprocessing with melt- Mechanical properties did not (Kanemura et al.,
Bionolle moulding at 140 °C change up to 3 cycles 2012)
#1020
HDPE* Extrusion in a twin-screw Strong relation between processing (Kostadinova
Product: compounder or single screw conditions and Loultcheva et al.,
container extruder. Stabiliser was added rheological/mechanical properties. 1997)
before extrusion “when High residence times lead to more
necessary” degradation.
Changes after 2 extrusion for low
residence times; changes after 4
extrusion for high residence times.
HDPE* (re)processing by injection Omax: 30% lower, elongation at (Meran et al.,
moulding, under unknown break &5, 19% lower 2008)
LDPE* conditions. Opazx: 35% lower, €4, 28% lower
PpP* Omax: 34% lower, 0,,4,: 20% lower
HDPE Extrusion up to 40 times in a MFI reduces to 0 after 30 cycles. (Oblak et al.,
Containing twin-screw extruder. H decreases after 10 cycles. Creep 2015)
uv N =150 rev min"!, T = 240 °C. behaviour worsens after 30 cycles
stabilisers Crystallinity drops after 20 cycles.
After 100 cycles 80% of the initial
mechanical properties are retained.
PET* Extruded in a single- or double- | Mechanical recycling reduces all (Oromiehie &
Virgin screw (co- or counter-rotating) mechanical and processing Mamizadeh,
commercial properties. Impact strength is 2004)




and recycled

extruder, N = 70, 50 70 rev min

affected the most, reducing by over

beverage ! respectively. 50% after mechanical recycling.
bottles 240°C < T <285°C Degradation in the properties was
the largest in the counter-rotating
twin screw extruder.
PET* Mixed at T = 260 — 280 °C, at Humidity has a larger influence than | (Paci & La
Post- various speeds in dry or humid temperature on the degradation of Mantia, 1998)
consumer conditions. recycled PET. Reactions with water
water bottles and oxygen in the air introduce
of various differences in the molecular
origins structure.
HDPE* Extrusion, T =230 °C followed Omax: 10% higher after 1 cycle; (Vidakis et al.,
by 3D printing through Fused 10% higher after 6 cycles. €,,4x: 2021a)
Filament Fabrication (FFF), T = | 17% higher after 1 cycle; 21%
240 °C and 25 mm/s nozzle higher after 6 cycles.
speed. Generally, mechanical properties
first increase and then decrease after
2-5 cycles.
PP* Extrusion, T =210 °C followed | Tensile properties (Gpax> Emax)s (Vidakis et al.,
by 3D printing through Fused increase after first cycle, then 2021b)
Filament Fabrication (FFF), T = | decrease for 4 cycles and the sharply
230 °C and 30 mm/s nozzle increased in the final cycle tested.
speed. Flexural strength and elastic
modulus increase with each cycle.
PLA* Extrusion, double screw and Rapid decrease in tensile stress at (Zenkiewicz et al.,

single screw, and injection
moulding.

break after a single reprocessing
cycle. Tensile strength reduced at a
lower rate. Impact strength
decreased; melt-flow rate increased.
Permeability to oxygen and water
vapour increased after 1
reprocesisng cycle.

2009)

* Additives unknown




Table S2: Dissolution of petrochemical-based polymers for which chemically identical bio-based
alternatives exist.

Polymer Process conditions Recovery rate Reference
HDPE Solvent: toluene; nonsolvent: n-hexane. ¢ = 0.5 96.7% (Achilias et al.,
kg/kg, T =110 °C. 2007)
LDPE Solvent: xylene; nonsolvent: n-hexane; ¢ = 0.05- 95.9-99.8%
0.20 kg/kg; T = 100-140 °C.
Solvent: toluene; nonsolvent: n-hexane. ¢ = 0.05 97.7%
kg/kg; T =110 °C.
PP Solvent: xylene; nonsolvent: n-hexane; ¢ = 0.05- 75.5% —99.9%
0.15 kg/kg; T =100 — 140 °C.
PET Solvent: benzyl alcohol; nonsolvent: methanol. ¢ | 99% (Achilias et al.,
=0.05 kg/kg; T =180 °C 2009)
HDPE Solvent: xylene; nonsolvent: n-hexane. ¢ = 0.05 98.6%
kg/kg; T =100 °C.
Solvent: xylene; nonsolvent: methanol. ¢ = 0.05 97%
kg/kg; T =100 °C.
LDPE Solvent: xylene; nonsolvent: n-hexane; ¢ = 95.9% — 99.8%
0.050.20 kg/kg; T = 100-140 °C.
PP Solvent: xylene; nonsolvent: n-hexane; ¢ = 0.05- 75.5% — 99.9%
0.15 kg/kg; T =100 — 140 °C.
PP Solvent: tetrachloroethylene; nonsolvent: air or Unknown (Drain et al., 1983)
nitrogen. ¢ = 0.10 kg/kg; T = 145 °C.
HDPE Solvent: xylene; nonsolvent: 2-propanediol. ¢ = Unknown (Kannan et al., 2017)
0.05 kg/kg; T =100 °C.
LDPE Solvent: xylene; nonsolvent: 2-propanediol. ¢ = Unknown
0.05 kg/kg; T =175 °C.
PP Solvent: tetrachloroethylene; nonsolvent: acetone. | Unknown (Murphy et al., 1979)
c=0.01kg/L; T =130 °C.
LDPE Solvent: xylene; nonsolvent: acetone. ¢ =20 80% (Papaspyrides et al.,
kg/L; T = 85 °C. 1994)
Solvent: toluene; nonsolvent: acetone. ¢ = 0.30 95%
kg/L; T =85 °C.
HDPE Solvent: xylene; nonsolvent: propanol-1. ¢ =0.10 | ~100% (Pappa et al., 2001)
kg/kg; T =100 C
LDPE Solvent: xylene; nonsolvent: propanol-1. ¢ =0.10 | ~100%
kg/kg; T =85 °C.
PP Solvent: xylene; nonsolvent: propanol-1. ¢ =0.10 | ~100%
kg/kg; T =135 °C
HDPE Solvent: toluene; nonsolvent: acetone. ¢ =0.10 100% (Poulakis &
kg/L; T =110 °C Papaspyrides, 1995)
PP Solvent: xylene; nonsolvent: acetone. ¢ = 0.15 100% (Poulakis &
kg/L; T =130 °C. Papaspyrides, 1997)
PET Solvent: n-methyl-2-pyrro-lidone; nonsolvent: n- | 100% (Poulakis &

octane and n-hexane. ¢ = 0.20 kg/L; 165 °C.

Papaspyrides, 2001)




Table S3: Solvolysis of bio-based polymers, or petrochemical-based polymers for which bio-based
alternatives exist

butanol (T =130 —210 °C)
under microwave irradiation.
PLLA:solvent = 1:10 mol/mol.

Polymer | Solvolysis type | Process conditions Products Reference

PLA Alcoholysis Catalyst: 4- Methyl lactate, yield (Alberti et al.,
dimethylaminopyridine. depended on the type of | 2019)
Microwave assisted, T = 180 product and the degree
°C for 20 minutes. Varous PLA | and source of
products were tested. contamination.

PEF Enzymatic Catalyst: 1. sakaiensis enzyme, | Unknown (Austin et al.,

PET depolymerisation | or PETase. In a phosphate 2017)
buffer at pH 7.2 for 96 hours.

PET Enzymatic Catalyst: Humicola Insolens Terephthalic acid, bis(2- | (Carniel et al.,

depolymerisation | cutinase enzyme. hydroxyethyl 2021)
T =50°C, t = <14 days terephthalate), mono(2-
hydroxyethyl
terephthalate)
PET Hydrolysis Water containing Sulphuric Ethylene glycol (Carta et al.,
(acid) acid, NaOH, calcium oxide or Excess acid 2003)
hydroxide. P =0.1 MPa, T =
25°C-90°C
Hydrolysis Water containing NaOH, Terephthalic acid
(alkaline) wetting agent or surfactants, Ethylene glycol
calcium oxide or hydroxide,
H>SO4.
P=14-2MPa.T=210°C-
250 °C.
Hydrolysis Water or steam with a alkali Terephthalic acid
(neutral) metal acetate catalyst. P=1— | Ethylene glycol
4 MPa, T =200 °C — 300 °C.
Glycolysis With a zinc acetate catalyst. P | Bis(hydroxyethyl)-
=0.1-0.6 MPa, T = 190 — 240 | terephthalate,
°C. Ethylene glycol, Polyols

PLA Alcoholysis Catalysts: Zinc—N-Heterocyclic | Methyl lactate (Fliedel et al.,
Carbene Complexes. T =room 2014)
temperature.

PET Aminolysis Various amine reagents and Terephthalic acid and (Fukushima et
catalyst: 1,5,7- other terephthalamide al., 2013)
triazabicyclo[4.4.0]dec-5-ene T | compounds (yield: 66%
=45-190°C - 89%)

PET Hydrolysis Solvent mixture: KOH, Terephthalic acid (yield: | (Goje et al.,
anhydrous EG, dimethyl 53.12% - 99.92%)), 2004)
sulfoxide (DMSO), Ethylene glycol (yield:
cyclohexylamine (CHA), 53.11% — 99.94%)
tetrahydrofurane (THF), HCI,
ethanol and phenolphthalein. T
=100-180°C.t=5-140
min.

PLA Enzymatic Catalyst: Rhodopseudomonas Monomoeric lactide, (Hajighasemi

depolymerisation | palustris RPA1511. Oligomeric lactide. etal., 2016)
T =30°C, t=36—-72 hours.
Catalyst: Alcanivorax Monomoeric lactide,
borkumensis ABO2449 Oligomeric lactide.
T =30°C, T =36 —72 hours.
PLLA Alcoholysis Ethanol (T =140 — 180 °C) or | Lactate (Hirao et al.,

2010)




PET Enzymatic Catalyst: Humicola insolens Terephthalic acid (Kaabel et al.,
depolymerisation | cutinase enzyme, Novozym ®. | mono(2-hydroxyethyl 2021)
T =55°C, t =17 days terephthalate)

PET Hydrolysis First hydrolysis in sodium Terephthalic acid (yield: | (Kosmidis et
hydroxide, then TPA-Na; was | up to 95%), Ethylene al., 2001)
acidified to yield terephthalic glycol
acid.

Catalyst:
trioctylmethylammonium
bromide. T =70 °C—-95°C, t
=5 —6 hours

PLA Alcoholysis Solvent mixture: Various Lactate with the (Leibfarth et
alcohols and methylene structure of the alcohol al., 2012)
chloride. Catalyst: (e.g. methyl lactate
triazabicyclodecene. T = room | when methanol is used
temperature. Time varied by as the solvent).
alcohol type (2 minutes for
methanol, ethanol, butanol; 3
minutes for allylic and benzylic
alcohols; )

PLA Alcoholysis Solvent: methanol Methyl lactate (Yield: (Liu et al.,
Catalyst: FeCL3 61.3% at 100 °C, up to 2015)
T=100-130°C,t=upto 4 87.2% at 130 °C)
hours

PLA Alcoholysis Solvent: methanol Methyl lactate (Yield: (Liu et al.,
Catalyst: [Bmim]FeCL4 up to 94.6%) 2017)

T =100-120°C
t =2 —3 hours
PET Enzymatic Catalyst: Candida Antarctica Terephthalic acid, bis(2- | (Neves Ricarte
depolymerisation | lypolzyme. T =50 °C, t = 24 hydroxyethyl etal., 2021)
hours*. terephthalate), mono(2-
hydroxyethyl
terephthalate)
PEF Enzymatic Catalyst: Thermobifida 2,5-Furandicarboxylic (Pellis et al.,
depolymerisation | cellulosilytica cutinase acid and some 2016)
enzyme. T =50 °C, t =72 oligomers.
hours.

PLA Alcoholysis Solvent: ethanol Methyl lactate, lactic (Petrus et al.,
T =up to 200 °C, t = 1 hour. acid 2016)

PET Enzymatic Catalyst: Humicola Insolens Terephthalic acid, (Quartinello et

depolymerisation | cutinase enzyme. Ethylene glycol al., 2017)
T =50 °C; t = 24 hours*.

PLA Alcoholysis Solvent: methanol Methyl lactate (Roman-
Catalyst: Zn(1),, T =40 — 130 Ramirez et al.,
°C, t <15 min. 2019)

PLA Alcoholysis Solvents: methanol or ethanol. | Methyl lactate (Sanchez &
Catalyst: zinc acetate. T = 64 (70% in methanol, 21% | Collinson,
°C for methanol, 78 °C for in ethanol) 2011)
ethanol. £ = 15 hours.

PET Alcoholysis Solvent: ethylene glycol. Bis(hydroxyethyl)

Catalyst: none, zinc acetate, terephthalate.

zinc stearate or zinc sulfate. T Yield: no catalyst —

=197 °C. t = 15 hours. 62%, zinc acetate —
78%, zinc stearate —
65%, zinc sulfate —
25%.

PLA Alcoholysis Solvent: Methanol. Catalyst: Methyl lactate (Song et al.,
[Bmim]Ac or [Bmim]HSO4. 2013)




(Yield: [Bmim]Ac —
92.5%, [Bmim]HSO4 —
87.9%)

=72 hours.

PHA Alcoholysis Solvent: methanol. Methyl crotonate or (Song et al.,
(PH3B) Catalyst: FeCLs, (R)-(-)-3- 2018)
[MIMPS]FeCla, hydroxybutyrate (Yield:
[MIMPS]ZnCls, or FeCL; — 81.2%,
[MIMPSIHSO4. T =110-150 | [MIMPS]FeCl4 —
°C, t =1-4 hours. 87.4%, [MIMPS]ZnCl;
—35.4%,
[MIMPS]HSO, —
83.7%)
PHA Alcoholysis Solvent: methanol, Catalyst: Methyl crotonate or (Song et al.,
(PH3B) [Bmim]FeCls. T =110 or 140 (R)-(—)-3- 2019)
°C. hydroxybutyrate
PHA Alcoholysis Solvent: methanol, catalyst: Methyl crotonate, (Spekreijse et
(PH3B) none. T=50-275°C,t=6 crotonic acid, or methyl | al., 2015)
hours. 3-hydroxybutyrate.
Product yield up to 60%
PET Enzymatic Catalyst: Leaf-branch compost | Terephthalic acid, (Tournier et al.,
depolymerisation | cutinase, modified. T =72 °C, | Ethylene glycol 2020)
t =9.3-10 hours.
PLLA Hydrolysis No catalysts. T =180 — 350 °C, | L-lactic acid (Tsuji et al.,
t = up to 30 minutes. 2003)
PEF Enzymatic Catalyst: Humicola insolens 2,5-Furandicarboxylic (Weinberger et
depolymerisation | cutinase enzyme. T = 65 °C, t acid. al., 2017a,b)

* A combination of solvolysis and enzymatic depolymerisation. Solvolysis was employed to already reduce the
molecular weight of the polymer, down to a mix of monomers and oligomers of a few repeating units. Enzymatic
depolymerisation was deployed to reduce these oligomers further to monomers.




Table S4: Anaerobic digestion of bio-based polymers, or petrochemical-based polymers for which
bio-based alternatives exist

PLA

from wastewater treatment plant
digester. T =35 °C, t = 28 days

no degradation

Polymer Anaerobic composting substrate | Degradation achieved Reference
and conditions
PHA (PHB) Methane sludge (T =37 °C), In methane sludge: 100%; in | (Abou-Zeid et al.,
sewage sludge (T =37 °C), t =42 | sewage sludge: 100%. 2001)
PHA (PHBV) days. In methane sludge: 57%; in
sewage sludge: 63%.
PLLA High-solids inoculum ASTM 72% (Itdvaara et al., 2002)
D5511 (equivalent to ISO 15985).
T =52 °C, t =20 days
TPS (Mater-bi) | ISO 14853 in microbial inoculum | 23% (Massardier-nageotte

et al., 2006)

TPS (Mater-bi)

ASTM D5526 (ASTM, 2018).
Focus on measuring methane
production. t = 17 days.

TPS methane production:
160.5 ml

Cellulose filter paper
(control) methane
production: 220.8 ml

(Mohee et al., 2008)

foodwaste and card packaging. T
=37 °C, t = 65 days.

PLA Cow manure and vegetable waste | Biodegradation started after | (Yagi et al., 2009)
compost. 55 days at 35 °C at
2.9%/week. At 55 °C, 90%
degradation after 40 days.
PLA Cow manure and vegetable waste | 86-95% (Yagietal., 2010)
compost. T =55 °C; t =40 days.
PBS Composted in sludge from No degradation (Yagietal., 2013)
PLA biomass plant (cow manure and 24% degraded after 30 days,
vegetable waste). 55 °C 68% degraded after 60 days
PHA (PHB) >70% degraded after 11
days
PBS Composted in commercial plant, 7% after 90 days, 18-27% (Yagietal., 2014)
37°C after 277 days.
PLA No degradation
PHA (PHB) 35-42% after 4 days, >90%
after 10 days.
PLA Commercial digester on 20% (Zhang et al., 2018)




Table S5: Industrial aerobic digestion of bio-based polymers, or petrochemical-based polymers for
which bio-based alternatives exist

Plastic or Aerobic composting substrate and Degradation achieved Reference
product conditions
TPS Composted with mature compost 43% (Accinelli et al.,
commercial | Temperature not reported, t = 90 days. 2012)
carrier bags
PLA pellets | Pellets and films of different molecular 39.2 £5.5% in compost; | (Castro-aguirre et al.,
weight mixed with compost or 34.5+2.8% in 2017)
uninoculated or inoculated vermiculite. inoculated vermiculite
T =58 °C, t = 60 days. No biodegradation in
uninoculated vermiculite.
PLA films Films: biodegradation
after 60 days: 63.3 — 100
%, higher biodegradation
correlated to lower
molecular weight)
PLLA films | Vegetable and fruit waste. The 40 days: 73% (Itdvaara et al.,
PLLA termophilic phase reached 70 °C in less 20 days: 99% 2002)
fabrics than 10 days.
PLA Composted with industrial compost (cow | 77.8% — 84.2% (Kale et al., 2007)
manure, wood shavings and waste feed).
Entire bottle in simulated composting
conditions. T = 65 °C, t = 58 days.
PBS ASTM 6003-96 (Kim et al., 2006)
PLA Compost from agricultural and tree 55-75% (Longerias et al.,
wastes, increased vermiculite.T = 58 °C, 2007)
t =45 days
PLA Composted with organic fraction of Pure PLA: 78.9% (Luo et al., 2019)
municipal solid waste.T = 58 °C, t = 80
PLA + days. PLA/TiO2 filler: 85.0%
15wt% TiO;
nanofiller,
TPS Composted with kitchen and yard waste | 100% (Mohee et al., 2008)
and paper. T < 60 °C, t = 72 days.
PBS (Rafigah et al., 2021)
PLA Composted with synthetic biodegradable | 64% (Sarasa et al., 2009)
PLA-10 wt% | material. ISO 20200 80%
corn blend T =58 °C, t =90 days
PHA Pilot-scale synthetic composting 100% (Weng et al., 2010)
(PHBV) conditions (ISO 16929) and T =58 °C, t
= 39 days.
laboratory conditions (ISO 14855), T = 81%, no visual fragments
58 °C, t = 35 days. after 12 weeks
PHA (PHB) | Composted with commercial compost 79.7% - 90.5%, (Weng et al., 2011)

from municipal organic waste. ISO
14855. T =58 °C, t = 110 days.

depending on PHB
composition.




Table S6: Aerobic digestion in nature of bio-based polymers, or petrochemical-based polymers for
which bio-based alternatives exist

Polymer Testing conditions Results Reference
TPS (Mater- | Biodegradation at 25 Surface erosion after 90 days: (Accinelli et al.,
bi), °C for 7-10 days in Soil (field): 3-5%, soil (lab): 36%-39%, 2012)
commercial | soil, compost, littoral compost (lab): 42%-45%, littoral marsh
carrier bags | marsh and sea water (lab): 1.4%-1.8%, littoral marsh (field):
1.2%-1.8%, sea water (lab): 1.5%-1.9%,
sea water (field): 4.3%-4.7%
PHA Specimens were buried | Mass loss after 305 days in Hao Lac: (Boyandin et al.,
(produced in Hoa Lac near Hanoi | PHB pellets: 55%, PHB film: 98% 2013)
in-house, and in Dam Bai (50m PHBYV pellets: 45%, PHBV film: 62%
films and fom the sea) for 180 Mass loss after 385 days in Dam Bai:
pellets) days. PHB pellets: 28%, PHB film: 48%
PHBYV pellets: 8%, PHBV film: 14%
PBS 80 days in aerobic Weight loss in soil: (Kim et al., 2006)
(commercial, | digestion conditions With filler: 7%, without filler: 4%
pure and with municipal solid Weight loss in compost:
with bio- waste or buried in soil With filler: 17%, without filler: 13%
flour filler) in lab environment,
both at 30 + 2 °C.
PBS and Soil from Nagoya Weight loss under aerobic conditions: (Nishide et al., 1999)
PHBYV, both | University farm mixed | PBS: 28%, PHB: 95% after 23 days.
commercial | with 2 wt% farmyard Weight loss under anaerobic conditions:
films manure at 30 °C for 25 | PBS: 0%, PHB: 0%
days in both aerobic
and anaerobic lab
conditions
PLA Buried in soil in lab Weight loss: 0% (Ohkita & Lee,
setting at 30 °C for 6 20006)
weeks
PLA Degradation in an Weight loss: 2.5%. (Pelegrini et al.,

aquarium in Brazil for
600 days, 22 °C<T<25
°C

2016)
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