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Binary interaction parameters
Supplementary Table S1. Binary interaction parameter used in GC simulation
	Component i
	Component j
	Bij
	Bji
	Cij

	Glycerol
	Diethyl carbonate
	1051.4
	788.549
	0.3

	Glycerol
	Glycerol carbonate
	-128.13
	136.22
	0.3

	Glycerol
	Ethanol
	-189.059
	626.78
	0.3

	Diethyl carbonate
	Glycerol carbonate
	324.759
	427.781
	0.3

	Diethyl carbonate
	Ethanol
	-157.84
	155.95
	0.3

	Glycerol carbonate
	Ethanol
	138.681
	-685.73
	0.3





Optimized operating condition results

Supplementary Table S2. Optimized operating condition results of Case I (CSTR).
	Unit
	Equipment type
	Operating conditions
	Source

	S-101
	SSplit
	- Split fraction
- MIXED stream: 0.99
- CISOLID stream: 0.01
	Designed based on the work of P. Thanahiranya 
et al. [35]

	V-101
	Valve
	- Outlet pressure: 0.1 bar
	

	E-101
	Heater
	- Outlet temperature: 95°C
- Pressure drop: 0 bar
	

	D-101
	Flash2
	- Pressure drop: 0 bar
- Duty: 0
	

	P-101
	Pump
	- Outlet pressure: 1 bar
	

	S-102
	Sep
	- MONG 99% separation
	

	M-201
	Mixer
	- Pressure drop: 0 bar
	

	M-202
	Mixer
	- Pressure drop: 0 bar
	

	R-201
	RCSTR
	- Pressure: 1 bar
- Temperature: 80 OC
- Residence time: 4 hours
- Catalyst loading: 160 kg
	Designed based on the reaction studied by 
J. Zhang et al. [26]

	P-201
	Pump
	- Outlet pressure: 1.01 bar
	

	D-201
	RadFrac
	- Number of stages: 26
- Feed stages: 8
- Pressure: 1.01 bar
	Obtained from GA optimization

	
	
	- Reflux ratio: 0.07
- D/F ratio: 0.81
	Obtained from Aspen Design Specifications feature
(Target 99.9 % recovery of DEC in stream 16)
(Target 99.9 % recovery of GL in stream 24)

	P-202
	Pump
	- Outlet pressure: 1.06 bar
	

	V-201
	Valve
	- Outlet pressure: 0.12 bar
	

	D-202
	RadFrac
	- Number of stages: 19
- Feed stages: 9
- Pressure: 1.06 bar
	Obtained from GA optimization

	
	
	- Reflux ratio: 0.78
- D/F ratio: 0.38
	Obtained from Aspen Design Specifications feature
(Target 95 wt% EtOH in stream 20)
(Target 99.9 wt% DEC in stream 21)

	D-203
	RadFrac
	- Number of stages: 24
- Feed stages: 12
- Pressure: 0.12 bar
	Obtained from GA optimization

	
	
	- Reflux ratio: 3.19
- D/F ratio: 0.24
	Obtained from Aspen Design Specifications feature
(Target 97 wt% GC in stream 23)
(Target 99 wt% GL in stream 24)

	V-202
	Valve
	- Outlet pressure: 1 bar
	

	P-203
	Pump
	- Outlet pressure: 1 bar
	


Supplementary Table S3. Optimized operating condition results of Case II (RD).
	Unit
	Equipment type
	Operating conditions
	Design comments

	S-101
	SSplit
	- Split fraction
- MIXED stream: 0.99
- CISOLID stream: 0.01
	Designed based on the work of P. Thanahiranya et al. [35]

	V-101
	Valve
	- Outlet pressure: 0.1 bar
	

	E-101
	Heater
	- Outlet temperature: 95°C
- Pressure drop: 0 bar
	

	D-101
	Flash2
	- Pressure drop: 0 bar
- Duty: 0
	

	P-101
	Pump
	- Outlet pressure: 1 bar
	

	S-102
	Sep
	- MONG 99 % separation
	

	V-201
	Valve
	- Outlet pressure: 0.17 bar
	

	M-201
	Mixer
	- Pressure drop: 0 bar
	

	V-202
	Valve
	- Outlet pressure: 0.17 bar
	

	RD-201
	RadFrac
	- Number of stages: 21
- S11 Feed stage: 6
- S14 Feed stage: 19
- Pressure: 0.17 bar
- Reflux ratio: 1.99
	Obtained from GA optimization

	
	
	- D/F ratio: 0.48
	Obtained from Aspen Design Specifications feature
(Target 95 wt% EtOH in stream 15)

	P-201
	Pump
	- Outlet pressure: 0.96 bar
	

	D-201
	RadFrac
	- Number of stages: 12
- Feed stages: 11
- Pressure: 0.96 bar
- Reflux ratio: 0.31
	Obtained from GA optimization

	
	
	- D/F ratio: 0.69
	Obtained from Aspen Design Specifications feature
(Target 97 wt% GC in stream 18)

	P-201
	Pump
	- Outlet pressure: 1 bar
	





Stream tables

Supplementary Table S4. Stream results of Case I (CSTR).
	Stream no.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Temperature (OC)
	30.0
	30.0
	30.0
	30.0
	95.0
	95.0
	95.0
	95.1
	95.1
	95.1

	Pressure (Bar)
	1.00
	1.00
	1.00
	0.10
	0.10
	0.10
	0.10
	1.00
	1.00
	1.00

	Total mass flow (kg/h)
	716.4
	40.7
	675.7
	675.7
	675.7
	68.2
	607.5
	607.5
	7.4
	600.1

	- GL (wt %)
	83.32
	14.67
	87.46
	87.46
	87.46
	0.78
	97.19
	97.19
	79.84
	97.41

	- DEC (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- GC (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- EtOH (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- Water (wt %)
	11.24
	1.98
	11.79
	11.79
	11.79
	94.77
	2.47
	2.47
	2.03
	2.48

	- MeOH (wt %)
	0.48
	0.08
	0.50
	0.50
	0.50
	4.45
	0.06
	0.06
	0.05
	0.06

	- MONG (wt %)
	0.19
	0.03
	0.20
	0.20
	0.20
	0.00
	0.22
	0.22
	18.08
	0.00

	- ASH (wt %)
	4.77
	83.23
	0.05
	0.05
	0.05
	0.00
	0.06
	0.06
	0.00
	0.06



Supplementary Table S4 (continued). Stream results of Case I (CSTR).
	Stream no.
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Temperature (OC)
	112.0
	30.0
	106.4
	80.0
	80.0
	97.5
	287.5
	97.5
	234.7
	79.5

	Pressure (Bar)
	1.00
	1.00
	1.00
	1.00
	1.01
	1.01
	1.01
	1.06
	0.12
	1.06

	Total mass flow (kg/h)
	782.1
	735.6
	3,228.3
	4,010.4
	4,010.4
	3,084.8
	925.6
	3,084.8
	925.6
	592.1

	- GL (wt %)
	97.78
	0.00
	0.00
	5.05
	5.05
	0.00
	21.88
	0.00
	21.88
	0.00

	- DEC (wt %)
	0.03
	99.90
	99.90
	62.44
	62.44
	81.17
	0.03
	81.17
	0.03
	2.31

	- GC (wt %)
	0.20
	0.00
	0.00
	18.01
	18.01
	0.00
	78.05
	0.00
	78.05
	0.00

	- EtOH (wt %)
	0.00
	0.00
	0.00
	14.03
	14.03
	18.24
	0.00
	18.24
	0.00
	95.00

	- Water (wt %)
	1.90
	0.10
	0.10
	0.45
	0.45
	0.58
	0.00
	0.58
	0.00
	2.63

	- MeOH (wt %)
	0.04
	0.00
	0.00
	0.01
	0.01
	0.01
	0.00
	0.01
	0.00
	0.06

	- MONG (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- ASH (wt %)
	0.04
	0.00
	0.00
	0.01
	0.01
	0.00
	0.04
	0.00
	0.04
	0.00



Supplementary Table S4 (continued). Stream results of Case I (CSTR).
	Stream no.
	21
	22
	23
	24
	25
	
	
	
	
	

	Temperature (OC)
	128.1
	126.0
	239.7
	174.5
	174.6
	
	
	
	
	

	Pressure (Bar)
	1.06
	1.00
	0.12
	0.12
	1.00
	
	
	
	
	

	Total mass flow (kg/h)
	2,492.7
	2,492.7
	743.6
	182.1
	182.1
	
	
	
	
	

	- GL (wt %)
	0.00
	0.00
	3.00
	99.00
	99.00
	
	
	
	
	

	- DEC (wt %)
	99.90
	99.90
	0.00
	0.14
	0.14
	
	
	
	
	

	- GC (wt %)
	0.00
	0.00
	96.95
	0.86
	0.86
	
	
	
	
	

	- EtOH (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	
	
	
	
	

	- Water (wt %)
	0.10
	0.10
	0.00
	0.00
	0.00
	
	
	
	
	

	- MeOH (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	
	
	
	
	

	- MONG (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	
	
	
	
	

	- ASH (wt %)
	0.00
	0.00
	0.05
	0.00
	0.00
	
	
	
	
	







Supplementary Table S5. Stream results of Case II (RD).
	Stream no.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Temperature (OC)
	30.0
	30.0
	30.0
	30.0
	95.0
	95.0
	95.0
	95.1
	95.1
	95.1

	Pressure (Bar)
	1.00
	1.00
	1.00
	0.10
	0.10
	0.10
	0.10
	1.00
	1.00
	1.00

	Total mass flow (kg/h)
	716.4
	40.7
	675.7
	675.7
	675.7
	68.2
	607.5
	607.5
	7.4
	600.1

	- GL (wt %)
	83.32
	14.67
	87.46
	87.46
	87.46
	0.78
	97.19
	97.19
	79.84
	97.41

	- DEC (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- GC (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- EtOH (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- Water (wt %)
	11.24
	1.98
	11.79
	11.79
	11.79
	94.77
	2.47
	2.47
	2.03
	2.48

	- MeOH (wt %)
	0.48
	0.08
	0.50
	0.50
	0.50
	4.45
	0.06
	0.06
	0.05
	0.06

	- MONG (wt %)
	0.19
	0.03
	0.20
	0.20
	0.20
	0.00
	0.22
	0.22
	18.08
	0.00

	- ASH (wt %)
	4.77
	83.23
	0.05
	0.05
	0.05
	0.00
	0.06
	0.06
	0.00
	0.06



Supplementary Table S5 (continued). Stream results of Case II (RD).
	Stream no.
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Temperature (OC)
	92.4
	30.0
	96.2
	73.7
	39.0
	78.8
	78.9
	220.6
	124.9
	124.9

	Pressure (Bar)
	0.17
	1.00
	1.00
	0.17
	0.17
	0.17
	0.96
	0.96
	0.96
	1.00

	Total mass flow (kg/h)
	600.1
	788.5
	2,536.3
	2,536.3
	615.6
	2,520.8
	2,520.8
	773.0
	1,747.8
	1,747.8

	- GL (wt %)
	97.41
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- DEC (wt %)
	0.00
	99.90
	99.96
	99.96
	2.40
	70.24
	70.24
	3.00
	99.99
	99.99

	- GC (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	29.73
	29.73
	96.96
	0.00
	0.00

	- EtOH (wt %)
	0.00
	0.00
	0.00
	0.00
	95.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- Water (wt %)
	2.48
	0.10
	0.04
	0.04
	2.54
	0.01
	0.01
	0.00
	0.01
	0.01

	- MeOH (wt %)
	0.06
	0.00
	0.00
	0.00
	0.06
	0.00
	0.00
	0.00
	0.00
	0.00

	- MONG (wt %)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	- ASH (wt %)
	0.06
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.04
	0.00
	0.00



