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Figure S1. Different samples of crotonic acid (CA) used in this work (left to right): commercially
available CA (CAc¢), CA samples obtained through the thermolytic distillation of pure PHB
(CApgg), and CA samples obtained through the thermolytic distillation of bacteria containing
60% and 30% of PHB inclusions (CAgy and CAj,, respectively).
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Figure S2. Experimental setup adopted for the synthesis of poly(vinyl acetate-co-crotonic acid)

samples.
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Figure S3. GPC curves of the commercial poly(vinyl acetate-co-crotonic acid) (green line) and the
synthesised co-polymers: VA-CAc (blue line), VA-CApyp (light blue line), VA-CAj, (red line), VA-
CAgo (pink line).



Commercial VA-CA
copolymer

J 25x
A L"yv —
VA-CA. copolymer J,L\—

VA-CAps copolymer }1&

5 !

VA-CA;, copolymer
.Y

VA-CAg, copolymer
Al

| BB LS IL L B LA LN R L L LI Ay LA N N AR L A
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 J1.0 Ppm

Sl

7
L

Figure S4. '"H NMR spectra of the synthesised poly(vinyl acetate-co-crotonic acid) and the reference

commercial sample. In the red circled inset a 25x enlargement of the signal in order to make it visible.
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Figure SS. Overlay of TGA curves of the synthesised poly(vinyl acetate-co-crotonic acid) and the

reference commercial sample (a), and a zoom on the first weight loss to highlight the differences (b).



Table S1. Reaction conditions for the preparation of the poly(vinyl acetate-co-crotonic acid) polymer

beads obtained from different CA samples and conditions.

CA source Temperature Time Emulsifier Radical Poly(vinyl acetate-co-
O (h) (Wt%) initiator crotonic acid)
(wWt%) (mg, mass yield %)
CAc 60°C 3 - 1.3 -
CAc 60°C 3 0.050 1.3 -
CAc 80°C 6 0.050 1.3 -
CAc 80°C 6 0.050 1.3 <5%
CAc 80°C 3 0.050 2.5 <5%
CAc 80°C 6 0.025 1.3 -
CAc 80°C 6 0.010 1.3 -
CAc 80°C 16 0.050 1.3 <5%
CAc 100°C 3 0.050 0.65 <5%
CAc 100°C 6 0.050 1.3 864 (36%)
CApnus 100°C 6 0.050 1.3 912 (48%)
CAgo 100°C 6 0.050 1.3 741 (39%)
CAjp 100°C 6 0.050 1.3 988 (52%)

Poly(vinyl acetate-co-crotonic acid) samples were prepared by heating vinyl acetate (VA, 2 mL, p =
0.93 g/mL, 1.86 g; 0.01 mol), and the chosen sample of crotonic acid (CA, 28 mg, 1.5 wt%) in 4 mL
of water at 60—100 °C for 3—16 h, in the presence of benzoyl peroxide as radical initiator and polyvinyl

alcohol as the emulsifier.



Table S2. Assumptions adopted for the calculation of the carbon footprint of the production of bio-
based CA from WWTS. The yields of VFA (Yieldyga), PHB (Yieldpyg), and CA (Yieldca) here used
have been already reported in the literature.!?* (COD: chemical oxygen demand; DM: dry matter;
VFA: volatile fatty acids; TS: total solids; CA: crotonic acid; TD: thermolytic distillation).

WWTS input  HTC-Acidogenic S/L Aerobic fermentation Thermolytic
fermentation separation distillation
WWTS: Yieldyga: 25% on DM Yieldpgg: 35% on Yieldca: 68% on
1000 t/y COD+ywrs basis 37% CODypy basis PHB basis
Yieldgiers: 20% ) Yieldrpeake: 44% on
CODWWTS: YleldPHB-enriched biomass+ :
on CODwwrs X dry bacterial
0.030 gO/g basis 64% on CODvyp4 basis biomass basis
DMywrs: 4%  Yieldrss: 50% on Concentrationpyg: 45%
TS basis on bacterial

biomass basis?

CO])PHB—enriched biomass-
1.36 gO/g

2 An average concentration of PHB between 30 and 60% on a bacterial biomass basis has been
assumed for the calculation.

CA (t) that will be produced from WWTS through the hybrid (thermo)chemical-biological approach

can be determined as follows:
(WWTS x CODwwts X YIELDvfa X YIELDpha X YIELDca)

CA(t) =
© CODpha

According to the assumptions reported in Table S2 and the equation above, the amount of CA from

1000 t of WWTS with 4% of dry matter and a COD value of 30 g/L will be:
(1000t x 0.03 gO/g x 0.25 x 0.35 x 0.68)
1.67 g0/g

CA(t) =
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