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[bookmark: _Toc101188344]Scale-up calculations and assumptions for LCI based on experimental lab-scale study 
[bookmark: _Hlk39595473]Based on previous study,[1] at lab-scale, intramolecular cross-linking (CL) occurs through anthracene photodimerization upon irradiation with UV light (366 nm) in dilute solutions (0.5 mgmL-1) of polymer in THF. The amount of SCNPs generated in the lab-scale is 200 mg, where 400 mL solvent is used. To reach 4.5 mol% CL, the reaction time for batch process is 44 min. In the flow process, the reaction time to collect the same amount of SCNPs and 4.5 % mol CL (reactor volume ca. 100 mL, UV lamp length 50 cm) at flow rate 15 mLmin-1 is 27 min (400 mL divided by 15 mLmin-1). 
For scale-up calculations, to create a life cycle inventory (LCI), in batch process we assume a reactor volume of 0.002 m3 (2000 mL) for the production of 1 g SCNPs. For the scale-up system design, the time of reaction assumed to remain 44 min (0.7 h). In flow process, with the current experimental conditions, the reaction will take a significantly long time to produce 1 g SCNPs, thereof, we first linearly scaled up the system assuming the reactor volume to be ca. 0.0002 m3 (200 mL), with a longer lamp of 100 cm. To keep desired intramolecular CL density of 4.5 mol% SCNPs, the flow rate will be 30 mlmin-1. With this system design, the time of reaction takes 67 min (1.1 h) to produce 1 g SCNPs. 
[bookmark: _Toc101188345]Solvent separation and recovery calculations
For scenario 1, where solvent is not recovered, the quantity of solvent for batch and flow processes is 0.002 m3 for 1 g SCNPs. Once solvent is recovered, as considered in scenarios 2 and 3, the quantity of solvent for flow process is 0.0002 m3 as reactor system design, however we take into account an excess of 0.0002 m3 (0.0004 m3 in total) for LCI calculations to consider a continuous flow process where reaction occurs in parallel to solvent recovery. For batch, the quantity of solvent remains 0.002 m3 due to reactor system design. Once solvent is recovered, only ‘make-up’ solvent is required to supply to the reaction due to solvent losses.[2]
Vacuum distillation is considered for product separation from solvent for product purification (scenario 1) or for solvent recovery (scenario). Solvent is recovered through distillation by pressure drop where solvent is heated to 40 ˚C.[3] Solvent condensation for recovery is done by using a chiller which is assumed to contain circulated cooling liquid, thereof the energy demands for condensation are taken from typical chiller specifications.[4] Solvent recovery through distillation for scenario 3 is calculated based on statistical analysis of empirical data from 150 waste solvent distillation.[2] 
Equations for energy demands and their sources are detailed in Table 1. Chemicals input and output sources are detailed in Table 2. LCI for chemicals and energy demands are summarized in Table 2 for scenario 1 (batch and flow processes with no solvent recovery) and Table 3 for scenario 2 and 3 (batch and flow with solvent recovery) where results are linearly scaled to obtain a functional unit of 1 kg SCNPs, as expected in an industrial scale. 






[bookmark: _Toc101188346]Table S1. Energy demands calculations and sources for LCI
	Energy requirement
	Equation
	Parameters 
	units
	LCI data
	Source

	

stirring solution[5]
	
	t – reaction time [s]
 - density [kgm-3] 
	[J]
	Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U

	Ecoinvent 3.0[6]

	

UV operation[7]
	
	t – reaction time [h]
	[kWh]
	Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U

	Ecoinvent 3.0[6]

	

Liquid pumping[5]
	
	m – solution mass[kg]
	[kWh]
	Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U

	Ecoinvent 3.0[6]

	

Vacuum
(drying/solvent separation)[3]
	
	t – reaction time [h]
	[kWh]
	Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U
	Ecoinvent 3.0[6]

	

Electricity for condensation[4]
	
	t – reaction time [h]
	[MJ]
	Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U
	Ecoinvent 3.0[6]

	

Solvent heating[5]
	
	V – solvent volume [m3]
	[MJ]
	Heat, from steam, in chemical industry {RER}| market for heat, from steam, in chemical industry | APOS, U
	Ecoinvent 3.0[6]

	

Electricity for distillation[2]
	
	m – solvent [kg]
	[kWh]
	
Electricity, medium voltage {IL}| market for electricity, medium voltage | APOS, U
	Ecoinvent 3.0[6]

	

Energy for distillation[2]
	
	m – solvent [kg]
	[MJ]
	Heat, from steam, in chemical industry {RER}| market for heat, from steam, in chemical industry | APOS, U

	Ecoinvent 3.0[6]

	

Solvent recovery for batch process[2]
	
	m – solvent [kg]
	[kg]
	-
	-

	

Solvent recovery for flow process[2]
	
	m – solvent [kg]
	[kg]
	-
	-

	

Solvent residues for batch process[2]
	
	m – solvent [kg]
	[kg]
	-
	-

	

Solvent residues for flow process[2]
	
	m – solvent [kg]
	[kg]
	-
	-






	Chemical
	LCI data
	Source

	PMMA
	DE: Polymethylmethacrylate granulate (PMMA) mix ts

	GaBi[8]

	THF
	Tetrahydrofuran {GLO}| market for | APOS, U

	Ecoinvent 3.0[6]

	Benzene
	Benzene {GLO}| market for | APOS, U

	Ecoinvent 3.0[6]

	DCM
	Dichloromethane {RoW}| market for dichloromethane | APOS, U

	Ecoinvent 3.0[6]

	TCM
	Trichloromethane {RoW}| market for trichloromethane | APOS, U

	Ecoinvent 3.0[6]

	Toluene
	Toluene, liquid {GLO}| market for | APOS, S

	Ecoinvent 3.0[6]

	Incineration
	Spent solvent mixture {RoW}| treatment of hazardous waste incineration | APOS, U

	Ecoinvent 3.0[6]
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	Flow process
	Batch process

	
	
	THF
	Benzene
	Toluene
	THF
	Benzene
	Toluene

	Conditions
	
	
	

	
	SCNPs [%mol CL]
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	
	Solvent for reaction [m3]
	0.4
	0.4
	0.4
	2
	2
	2

	
	Flow rate [mLmin-1]
	30
	30
	30
	-
	-
	-

	
	Time of reaction [h]
	1.1
	1.1
	1.1
	0.7
	0.7
	0.7

	Materials
	
	
	
	
	
	
	

	Physical properties
	Density @ 25 ⁰C [kg·m3]
	889
	876
	867
	889
	876
	867

	
	Cp @ 25 ⁰C [kJ/kg·K]
	1.7
	1.8
	1.7
	1.7
	1.8
	1.7

	Materials inputs
	Polymer precursor [kg]
	1
	1
	1
	1
	1
	1

	
	Solvent [m3]
	2
	2
	2
	2
	2
	2

	Materials outputs
	Solvent waste for incineratione,g [m3]
	2
	2
	2
	2
	2
	2

	Steps/Energy demands
	
	
	
	
	
	
	

	Electricity [kWh]
	Stirringh
	18
	18
	17
	12
	12
	11

	
	UV lampi
	17
	17
	17
	11
	11
	11

	
	Solvent pumping to reactor
	2.7E-03
	2.7E-03
	2.7E-03
	-
	-
	-

	
	Concentrated polymer inject
	1.5E-05
	1.5E-05
	1.5E-05
	-
	-
	-

	
	Water cooling pumping to UV lamp
	1.0E-03
	1.0E-03
	1.0E-03
	6.7E-04
	6.7E-04
	6.7E-04

	
	Vacuum distillation
	2100
	2100
	2100
	2100
	2100
	2100

	
	Solvent condensation
	365
	365
	365
	365
	365
	365

	Heat [MJ]
	Solvent heating to 40 ⁰C 
	46
	49
	44
	46
	49
	44

	Total
	
	
	
	
	
	
	

	Total electricity [kWh]
	2500
	2500
	2500
	2490
	2490
	2490

	Total heat [MJ]
	46
	49
	44
	46
	49
	44
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Table S4. LCI for scenario 2 and 3
	
	
	Flow process
	Batch process

	
	
	THF
	Benzene
	Toluene
	THF
	Benzene
	Toluene

	Conditions
	
	
	

	
	SCNPs [%mol CL]
	4.5
	4.5
	4.5
	4.4
	4.4
	4.4

	 
	Solvent for reaction  [m3]
	0.4
	0.4
	0.4
	2
	2
	2

	 
	Solvent recoveredd,e [m3]
	0.3
	0.3
	0.3
	1.4
	1.4
	1.4

	 
	Flow rate [mLmin-1]
	30
	30
	30
	-
	-
	-

	 
	Time of reaction [h]
	1.1
	1.1
	1.1
	0.7
	0.7
	0.7

	Materials
	
	
	
	
	
	
	

	Physical properties
	Density @ 25 ⁰C [kg·m3]
	889
	876
	867
	889
	876
	867

	
	Cp @ 25 ⁰C [kJ/kg·K]
	1.7
	1.8
	1.7
	1.7
	1.8
	1.7

	Materials inputs
	Polymer precursor [kg]
	1
	1
	1
	1
	1
	1

	 
	‘Make up’ Solvente,f [m3]
	0.1
	0.1
	0.1
	0.6
	0.6
	0.6

	Materials outputs
	Solvent waste for incineratione,g [m3]
	0.1
	0.1
	0.1
	0.6
	0.6
	0.6

	Steps/Energy demands
	
	
	
	
	
	
	

	Electricity [kWh]
	Stirring
	18
	18
	17
	12
	
	12
	
	11

	
	UV lamp
	17
	17
	17
	11
	11
	11

	
	Solvent pumping to reactor
	2.7E-03
	2.7E-03
	2.7E-03
	-
	-
	-

	
	Concentrated Polymer inject
	1.5E-05
	1.5E-05
	1.5E-05
	-
	-
	-

	
	Water cooling pumping to UV lamp
	1.0E-03
	1.0E-03
	1.0E-03
	6.7E-04
	6.7E-04
	6.7E-04

	
	Vacuum distillation (scenario 2)
	4670
	4670
	4670
	3080
	3080
	3080

	
	Solvent condensation (scenario 2)
	540
	540
	540
	810
	810
	810

	
	Atmospheric distillation (scenario 3)
	59
	58
	57
	59
	58
	57

	Heat [MJ]
	Solvent heating to 40 ⁰C (scenario 2)
	46
	49
	44
	46
	49
	44

	
	Steam (distillation, scenario 3)
	916
	902
	893
	4100
	4040
	3990

	Total
	
	
	
	
	
	
	

	Total Electricity [kWh]
	Scenario 2
	5512
	5512
	5512
	3638
	3638
	3638

	
	Scenario 3
	93
	92
	91
	81
	80
	80

	Total Heat [MJ]
	Scenario 2
	46
	49
	44
	46
	49
	44

	
	Scenario 3
	916
	902
	893
	4100
	4040
	3995
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