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Table S1: Molecular weight and melting properties of the polymers of interest [1]. [*] denotes the property is measured in our current work. 
	
	PE
	PP
	POM

	
	4.91
	12.00
	10.00

	
	375.15[*]
	430.15[*]
	433.15[*]

	
	293.00[1]
	206.7[1]
	326.05[1]



TEA and Filter methodology
For the capital expenditure (CAPEX) estimation, equipment purchase cost correlations were obtained from Woods et al. [2], as they provide detailed costing guidelines specific to unit operations used in plastic recycling. To estimate the total fixed capital investment, the factorial method was applied to the equipment purchase costs. A total installation factor of 6.05 was selected, corresponding to a fluids-solids process type as outlined in Table 7.5 of Towler and Sinnott [3]. Finally, the discounted cash flow analysis for the MSP and internal rate of return (IRR) assumed a construction period of three years, a seven-year MACRS depreciation schedule, 5% working capital, and a corporate tax rate of 21% [3]. The OPEX and CAPEX contributions to the TAC are given in Table S2. All assumptions used for the technoeconomic analysis are given in Table S3.
The cost of filters depends on the filtration area [2]. It is calculated using the methodology described in Wakeman and Tarleton [11] and is proportional to the viscosity of the filtrate. This is calculated using the temperature-dependent viscosity of the polymer+solvent mixture, assuming a dilute regime, as per the correlations in the HSPiP guide [12]. The solvent viscosities were determined using group contribution methods [13].
LCA Methodology
For utilities and infrastructure, Ecoinvent data were utilized for medium voltage power, steam for chemical processes, factory erection, pumps, pre-processing [9] and the disposal of hazardous chemicals via incineration. Cooling water impacts were modeled using the inventory provided by Schulze et al. [14]. Equipment material inputs were assumed to be carbon steel for process units and polyester fabric for filters, with the latter being replaced every two years. The environmental impacts were evaluated using the GWP 2007, CED, EI99 Endpoint, ReCiPe Endpoint, and the 18 ReCiPe 2016 Midpoint methods.
Solvent cost methodology
Economic data for the solvents was compiled using a hybrid approach combining market literature with machine learning predictions. Bulk pricing for 17 common solvents (including acetone, benzene, and ethyl acetate) was retrieved directly from commercial chemical intelligence sources such as ChemAnalyst [15], Intratec [16], and ICIS [17]. Cymene’s price was obtained from a TEA analysis by Davila et al. [18]. For the remaining 18 solvents lacking transparent market data, prices were estimated using a Random Forest regression model. This algorithm was selected for its robustness in handling small datasets, non-linearities, and feature interactions. The model was trained on a 70/30 split of the known pricing data, using lab-scale costs (Sigma Aldrich [19]), molecular weight, and boiling point as predictive features to generate comparable industrial tonnage estimates.
Objective function normalization
The multi-objective optimization is resolved by minimizing a scalarized objective function derived via the weighted sum method [20], which aggregates Total Annual Cost (TAC) and the ReCiPe Endpoint indicator. To prevent numerical bias and ensure equal weighting, each objective is normalized using Utopia and Nadir values established by initially minimizing the TAC and ReCiPe objectives individually to define the feasible range. The specific minimization problem is defined as:             
                          


Table S2: OPEX and CAPEX contributions to TAC per unit of processed plastic waste for the top 5 and bottom 5 solvent combinations, and the sum of filter costs S1-S5.
Label
Solvent 1 + Solvent 2
TAC/M$/y
OPEX/M$/y
CAPEX/M$/y
Total filter cost/k$
S1
cymene+cyclohexanone      
2.90
1.14
1.29
5.28
S2
ethylbenzene+cyclohexanone
2.90
1.14
1.28
5.11
S3
cymene+decane             
2.91
1.14
1.29
5.46
S4
cymene+mesitylene         
2.90
1.14
1.29
5.28
S5
cymene+undecane           
2.91
1.14
1.29
5.50
S68
dibutoxymethane+octanol   
3.27
1.23
1.49
7.93
S69
undecane+octanol          
3.32
1.22
1.53
8.88
S70
undecane+decanol          
3.33
1.22
1.54
9.00
S71
dodecane+octanol          
3.35
1.23
1.55
9.08
S72
dodecane+decanol          
3.35
1.23
1.56
9.20













Table S3: Summary of TEA parameters, assumptions, costs, and their references.
Parameter
Value
Lifetime of plant (years) [4]
20
Operating hours (hours/year)
8000
Plastic waste feed (ton/year)
3000
Composition of plastic waste feed
45 % LDPE, 45% PP, 10% POM
Base year
2025
ISBL costs [3]
320% of the equipment purchase cost
OSBL costs [3]
40% of ISBL
Engineering costs [3]
25% of ISBL+OSBL
Contingency cost [3]
10% of ISBL+OSBL
Working Capital [3]
5% of CAPEX
Depreciation method & recovery period
7-year MACRS
Construction period (years) [5] and spending schedule
3 (8% Y1, 60% Y2, 32%, Y3)
Corporate tax rate [3]
21%
Internal rate of return (IRR) (%) [5]
20%
Operator salary ($/year); number of operators per shift position; number of shift positions [6]
65862; 2; 3
Maintenance [3]
3% of ISBL
Plant overhead [3]
65% of maintenance and 117.8125% of salaries
Tax and insurance [3]
2% of ISBL+OSBL
Rent of land [3]
1% of ISBL+OSBL
Pre-processing cost [7,8] ($/s)

Incineration cost ($/kg) [9]
0.00406
PP price ($/kg) [10]
1.50
LDPE price ($/kg) [10]
1.71
]POM price ($/kg) [10]
2.55
Electricity ($/kWh) [3] (adjusted for inflation)
0.06
Natural gas ($/MMBtu) [3] (adjusted for inflation)
6.92
Boiler efficiency [3]
80%
Turbine efficiency [3]
85%
Cost of cooling water makeup and chemical treatment ($/gal) [3] (adjusted for inflation)
0.00002
Power consumption cooling tower (kWh/1000gal) [3]
1.5
PP extrusion energy consumption (kWs/g) [2]
1
LDPE extrusion energy consumption (kWs/g) [2]
0.9

Table S3: References for raw materials, utilities, and products substituted in the LCA.
Component
Component in Ecoinvent
Heat from steam
Steam production, as energy carrier, in chemical industry
Electricity
Market for electricity, low voltage
Tap water
Market for tap water, Rest of the World
Steel
Steel, chromium steel 18/8, hot rolled
Incineration
Treatment of spent solvent mixture, hazardous waste incineration, spent solvent mixture
Polyester filter
Market for textile, non-woven polyester, textile, non-woven polyester
Factory
Chemical factory construction, organics
FeCl3
iron(III) chloride, without water, in a 12% iron solution state
Maize starch
Market for maize starch, rest of world
NaOH
Sodium hydroxide, without water, in 50% solution state
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