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Where  is the average total glucose and fructose quantity input to the fermenter (kg/h) and  is the average total glucose and fructose quantity in the effluent (kg/h) over the duration of the batch fermentation,  is the residence time in hours,  is the density of water,  is the mass of component ,  is the volume of component  in the broth and  is the capacity of a given component in  
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Section B: additional tables
Table 1: Mass and energy balance results for S1-AA-CF
	[bookmark: _Hlk168999984]
	Electricity demand
	Total cooling
	Total heating
	MPS usage
	LPS usage
	Cooling water usage
	Make-up water
	Process water usage
	Bagasse to boiler
	Rebate bagasse
	AA output
	AA output
	Left-over bagasse
	Bagasse used

	UNITS
	kWh/kg
	MJ/kg
	MJ/kg
	kg/kg
	kg/kg
	kg/kg
	kg/kg
	kg/kg
	ton/hr
	ton/hr
	ton/hr
	kton/yr
	ton/hr
	kg/kg

	Scenarios

	[bookmark: _Hlk168308399]1
	0.99
	41.53
	301.09
	0.43
	137.80
	1107.24
	108.97
	131.65
	297.68
	93.75
	9.17
	45.84
	0.00
	22.20

	2
	0.99
	41.53
	301.09
	0.43
	137.80
	1107.24
	108.97
	131.65
	297.68
	93.75
	9.17
	45.84
	0.00
	22.20

	3
	0.99
	41.53
	301.09
	0.43
	137.80
	1107.24
	108.97
	131.65
	297.68
	93.75
	9.17
	45.84
	0.00
	22.20

	4
	0.15
	6.13
	35.52
	0.45
	15.89
	163.53
	10.85
	9.15
	37.99
	16.80
	9.65
	48.26
	22.72
	2.15

	5
	0.15
	6.13
	35.52
	0.45
	15.89
	163.53
	10.85
	9.15
	37.99
	16.80
	9.65
	48.26
	22.72
	2.15

	6
	0.15
	6.13
	35.52
	0.45
	15.89
	163.53
	10.85
	9.15
	37.99
	16.80
	9.65
	48.26
	22.72
	2.15

	7
	0.10
	4.05
	5.38
	0.48
	2.02
	107.87
	4.66
	0.16
	6.75
	12.81
	9.68
	48.39
	49.96
	0.00

	8
	0.10
	4.05
	5.38
	0.48
	2.02
	107.87
	4.66
	0.16
	6.75
	12.81
	9.68
	48.39
	49.96
	0.00

	9
	0.10
	4.05
	5.38
	0.48
	2.02
	107.87
	4.66
	0.16
	6.75
	12.81
	9.68
	48.39
	49.96
	0.00

	10
	0.93
	39.01
	283.05
	0.40
	129.54
	1040.08
	102.96
	124.87
	374.02
	115.75
	12.26
	61.32
	0.00
	21.03

	11
	0.93
	39.01
	283.05
	0.40
	129.54
	1040.08
	102.96
	124.87
	374.02
	115.75
	12.26
	61.32
	0.00
	21.03

	12
	0.93
	39.01
	283.05
	0.40
	129.54
	1040.08
	102.96
	124.87
	374.02
	115.75
	12.26
	61.32
	0.00
	21.03

	13
	0.14
	5.94
	34.42
	0.41
	15.42
	158.47
	11.00
	10.11
	47.30
	16.78
	12.48
	62.40
	13.39
	2.41

	14
	0.14
	5.94
	34.42
	0.41
	15.42
	158.47
	11.00
	10.11
	47.30
	16.78
	12.48
	62.40
	13.39
	2.41

	15
	0.14
	5.94
	34.42
	0.41
	15.42
	158.47
	11.00
	10.11
	47.30
	16.78
	12.48
	62.40
	13.39
	2.41

	16
	0.10
	4.05
	5.26
	0.02
	2.39
	108.10
	4.93
	0
	8.34
	12.96
	12.63
	63.17
	48.51
	0.00

	17
	0.10
	4.05
	5.26
	0.02
	2.39
	108.10
	4.93
	0
	8.34
	12.96
	12.63
	63.17
	48.51
	0.00

	18
	0.10
	4.05
	5.26
	0.02
	2.39
	108.10
	4.93
	0
	8.34
	12.96
	12.63
	63.17
	48.51
	0.00

	19
	0.91
	37.99
	280.00
	0.02
	128.50
	1012.91
	102.47
	124.37
	449.06
	135.68
	14.89
	74.45
	0.00
	21.02

	20
	0.91
	37.99
	280.00
	0.02
	128.50
	1012.91
	102.47
	124.37
	449.06
	135.68
	14.89
	74.45
	0.00
	21.02

	21
	0.91
	37.99
	280.00
	0.02
	128.50
	1012.91
	102.47
	124.37
	449.06
	135.68
	14.89
	74.45
	0.00
	21.02

	22
	0.12
	4.94
	14.07
	0.02
	6.44
	131.61
	11.13
	1.90
	24.26
	22.68
	15.26
	76.28
	42.32
	0.08

	23
	0.12
	4.94
	14.07
	0.02
	6.44
	131.61
	11.13
	1.90
	24.26
	22.68
	15.26
	76.28
	42.32
	0.08

	24
	0.12
	4.94
	14.07
	0.02
	6.44
	131.61
	11.13
	1.90
	24.26
	22.68
	15.26
	76.28
	42.32
	0.08

	25
	0.07
	2.86
	5.44
	0.02
	2.48
	76.14
	5.06
	0
	10.39
	12.05
	15.70
	78.51
	45.56
	0.00

	26
	0.07
	2.86
	5.44
	0.02
	2.48
	76.14
	5.06
	0
	10.39
	12.05
	15.70
	78.51
	45.56
	0.00

	27
	0.07
	2.86
	5.44
	0.02
	2.48
	76.14
	5.06
	0
	10.39
	12.05
	15.70
	78.51
	45.56
	0.00

	BASE CASE
	86
	3585
	26777
	0.4
	12290
	95571
	9892
	12380
	25220
	7587
	9
	44
	0
	2011






Table 2: Mass and energy balance results for S1-AA-EF
	
	Electricity demand
	CEST power 
	Total cooling
	Total heating
	MPS usage
	LPS usage
	Chilled water usage
	Cooling water usage
	Make-up water
	Process water usage
	Rate bagasse to boiler
	Rebate bagasse
	AA output
	AA output
	Left-over bagasse
	Bagasse used

	UNITS
	kWh/kg
	kWh/kg
	MJ/kg
	MJ/kg
	Kg/kg
	Kg/kg
	Kg/kg
	Kg/kg
	Kg/kg
	Kg/kg
	ton/hr
	ton/hr
	ton/hr
	kton/yrr
	ton/hr
	Kg/kg

	Scenarios

	1
	0.29
	0.09
	12.07
	12.08
	5.30
	0.81
	0.00
	321.79
	18.81
	1.04
	14.88
	37.46
	9.69
	48.44
	64.27
	0.00

	2
	0.29
	0.09
	12.07
	12.08
	5.30
	0.81
	0.00
	321.79
	18.81
	1.04
	14.88
	37.46
	9.69
	48.44
	64.27
	0.00

	3
	0.29
	0.09
	12.07
	12.08
	5.30
	0.81
	0.00
	321.79
	18.81
	1.04
	14.88
	37.46
	9.69
	48.44
	64.27
	0.00

	4
	0.16
	0.05
	6.57
	6.65
	2.93
	0.51
	0.00
	175.20
	8.12
	0.65
	8.61
	21.66
	9.85
	49.23
	54.67
	0.00

	5
	0.16
	0.05
	6.57
	6.65
	2.93
	0.51
	0.00
	175.20
	8.12
	0.65
	8.61
	21.66
	9.85
	49.23
	54.67
	0.00

	6
	0.16
	0.05
	6.57
	6.65
	2.93
	0.51
	0.00
	175.20
	8.12
	0.65
	8.61
	21.66
	9.85
	49.23
	54.67
	0.00

	7
	0.11
	0.04
	4.80
	4.90
	2.18
	0.41
	0.00
	127.98
	4.59
	0.57
	6.61
	16.18
	9.99
	49.97
	51.12
	0.00

	8
	0.11
	0.04
	4.80
	4.90
	2.18
	0.41
	0.00
	127.98
	4.59
	0.57
	6.61
	16.18
	9.99
	49.97
	51.12
	0.00

	9
	0.11
	0.04
	4.80
	4.90
	2.18
	0.41
	0.00
	127.98
	4.59
	0.57
	6.61
	16.18
	9.99
	49.97
	51.12
	0.00

	10
	0.23
	0.08
	9.82
	9.73
	4.26
	0.65
	0.00
	261.79
	14.87
	0.68
	15.03
	34.35
	12.24
	61.19
	60.58
	0.00

	11
	0.23
	0.08
	9.82
	9.73
	4.26
	0.65
	0.00
	261.79
	14.87
	0.68
	15.03
	34.35
	12.24
	61.19
	60.58
	0.00

	12
	0.23
	0.08
	9.82
	9.73
	4.26
	0.65
	0.00
	261.79
	14.87
	0.68
	15.03
	34.35
	12.24
	61.19
	60.58
	0.00

	13
	0.13
	0.05
	5.45
	5.41
	2.37
	0.41
	0.00
	145.31
	6.38
	0.29
	8.78
	18.63
	12.52
	62.62
	51.04
	0.00

	14
	0.13
	0.05
	5.45
	5.41
	2.37
	0.41
	0.00
	145.31
	6.38
	0.29
	8.78
	18.63
	12.52
	62.62
	51.04
	0.00

	15
	0.13
	0.05
	5.45
	5.41
	2.37
	0.41
	0.00
	145.31
	6.38
	0.29
	8.78
	18.63
	12.52
	62.62
	51.04
	0.00

	16
	0.08
	0.03
	3.43
	4.06
	1.66
	0.32
	0.00
	91.33
	3.56
	0.17
	6.42
	13.01
	12.88
	64.38
	47.41
	0.00

	17
	0.08
	0.03
	3.43
	4.06
	1.66
	0.32
	0.00
	91.33
	3.56
	0.17
	6.42
	13.01
	12.88
	64.38
	47.41
	0.00

	18
	0.08
	0.03
	3.43
	4.06
	1.66
	0.32
	0.00
	91.33
	3.56
	0.17
	6.42
	13.01
	12.88
	64.38
	47.41
	0.00

	19
	0.18
	0.05
	7.37
	7.88
	3.34
	0.52
	0.00
	196.60
	11.87
	0.11
	15.27
	30.54
	15.32
	76.58
	59.17
	0.00

	20
	0.18
	0.05
	7.37
	7.88
	3.34
	0.52
	0.00
	196.60
	11.87
	0.11
	15.27
	30.54
	15.32
	76.58
	59.17
	0.00

	21
	0.18
	0.05
	7.37
	7.88
	3.34
	0.52
	0.00
	196.60
	11.87
	0.11
	15.27
	30.54
	15.32
	76.58
	59.17
	0.00

	22
	0.09
	0.02
	3.98
	4.52
	1.88
	0.34
	0.00
	106.03
	5.16
	-0.23
	9.10
	15.17
	15.46
	77.32
	49.97
	0.00

	23
	0.09
	0.02
	3.98
	4.52
	1.88
	0.34
	0.00
	106.03
	5.16
	-0.23
	9.10
	15.17
	15.46
	77.32
	49.97
	0.00

	24
	0.09
	0.02
	3.98
	4.52
	1.88
	0.34
	0.00
	106.03
	5.16
	-0.23
	9.10
	15.17
	15.46
	77.32
	49.97
	0.00

	25
	0.07
	0.01
	2.89
	3.45
	1.41
	0.27
	0.00
	77.18
	2.94
	-0.34
	7.14
	9.94
	15.59
	77.94
	46.70
	0.00

	26
	0.07
	0.01
	2.89
	3.45
	1.41
	0.27
	0.00
	77.18
	2.94
	-0.34
	7.14
	9.94
	15.59
	77.94
	46.70
	0.00

	27
	0.07
	0.01
	2.89
	3.45
	1.41
	0.27
	0.00
	77.18
	2.94
	-0.34
	7.14
	9.94
	15.59
	77.94
	46.70
	0.00



[bookmark: _Hlk168309480]Table 3: Economic results for S1-AA-CF
	
	CAPEX
	OPEX
	DCFROR

	
	TCI
	FCI
	TVOC
	TPC
	TVOC
	TPC
	MPSP

	Units
	US$ 
	US$
	 (US$/yr)
	(US$/yr)
	 (US$/ton)
	(US$/ton)
	(US$/ton)

	Scenarios

	1
	260.6
	248.2
	114.9
	118.9
	2507.2
	2592.9
	4233.0

	2
	248.4
	236.6
	114.9
	118.6
	2507.2
	2587.5
	4156.6

	3
	245.3
	233.6
	114.9
	118.5
	2507.2
	2586.2
	4137.1

	4
	70.9
	67.5
	40.9
	42.8
	847.7
	887.6
	1323.2

	5
	58.7
	55.9
	40.9
	42.6
	847.7
	882.5
	1250.6

	6
	55.6
	52.9
	40.9
	42.5
	847.7
	881.2
	1232.1

	7
	62.8
	59.8
	34.5
	36.2
	713.1
	748.6
	1131.8

	8
	50.6
	48.2
	34.5
	36.0
	713.1
	743.5
	1059.4

	9
	47.5
	45.2
	34.5
	35.9
	713.1
	742.2
	1040.9

	10
	321.4
	306.1
	137.0
	141.7
	2235.1
	2310.1
	3818.2

	11
	304.9
	290.4
	137.0
	141.3
	2235.1
	2304.7
	3740.8

	12
	301.4
	287.1
	137.0
	141.2
	2235.1
	2303.5
	3724.5

	13
	83.2
	79.3
	44.3
	46.4
	709.5
	743.7
	1136.0

	14
	66.7
	63.5
	44.3
	46.1
	709.5
	738.3
	1060.0

	15
	63.2
	60.2
	44.3
	46.0
	709.5
	737.2
	1043.9

	16
	73.0
	69.5
	35.4
	37.3
	560.8
	590.5
	927.6

	17
	56.5
	53.8
	35.4
	37.0
	560.8
	585.1
	852.5

	18
	53.0
	50.4
	35.4
	36.9
	560.8
	584.0
	836.6

	19
	386.3
	367.9
	159.2
	164.5
	2138.7
	2209.6
	3698.4

	20
	365.4
	348.0
	159.2
	164.1
	2138.7
	2203.8
	3617.4

	21
	361.5
	344.3
	159.2
	164.0
	2138.7
	2202.8
	3602.6

	22
	88.8
	84.6
	40.3
	42.5
	528.0
	556.5
	894.1

	23
	67.8
	64.6
	40.3
	42.0
	528.0
	550.9
	815.1

	24
	64.0
	60.9
	40.3
	41.9
	528.0
	549.9
	800.6

	25
	69.0
	65.7
	36.4
	38.3
	463.1
	487.8
	746.2

	26
	48.0
	45.7
	36.4
	37.9
	463.1
	482.4
	669.4

	27
	44.1
	42.0
	36.4
	37.8
	463.1
	481.4
	655.4





Table 4: Economic results for S1-AA-EF
	[bookmark: _Hlk168309575]
	CAPEX
	OPEX
	DCFROR

	
	TCI
	FCI
	TVOC
	TPC
	TVOC
	TPC
	MPSP

	Units
	US$ 
	US$
	 (US$/yr)
	(US$/yr)
	 (US$/ton)
	(US$/ton)
	(US$/ton)

	Scenarios

	1
	252.93
	240.89
	117.93
	123.02
	2434.42
	2539.52
	4055.15

	2
	205.90
	196.10
	117.93
	122.06
	2434.42
	2519.68
	3776.29

	3
	161.52
	153.83
	117.93
	121.15
	2434.42
	2500.96
	3513.23

	4
	177.38
	168.94
	61.44
	65.25
	1247.86
	1325.42
	2349.99

	5
	153.88
	146.56
	61.44
	64.77
	1247.86
	1315.66
	2212.87

	6
	134.38
	127.98
	61.44
	64.38
	1247.86
	1307.60
	2099.13

	7
	150.66
	143.48
	41.09
	44.47
	822.18
	889.81
	1736.18

	8
	134.08
	127.70
	41.09
	44.13
	822.18
	883.02
	1640.90

	9
	123.19
	117.33
	41.09
	43.91
	822.18
	878.62
	1578.36

	10
	253.66
	241.59
	129.44
	134.53
	2115.18
	2198.46
	3410.88

	11
	206.69
	196.85
	129.44
	133.57
	2115.18
	2182.77
	3190.37

	12
	162.35
	154.62
	129.44
	132.67
	2115.18
	2167.97
	2982.54

	13
	178.20
	169.71
	71.22
	75.05
	1137.44
	1198.52
	2015.44

	14
	154.74
	147.37
	71.22
	74.57
	1137.44
	1190.85
	1907.82

	15
	135.27
	128.83
	71.22
	74.17
	1137.44
	1184.53
	1818.55

	16
	150.05
	142.90
	67.25
	70.61
	1044.51
	1096.74
	1771.67

	17
	133.53
	127.17
	67.25
	70.27
	1044.51
	1091.49
	1697.96

	18
	122.67
	116.83
	67.25
	70.05
	1044.51
	1088.08
	1649.57

	19
	245.23
	233.55
	139.22
	144.23
	1817.89
	1883.39
	2829.38

	20
	198.35
	188.91
	139.22
	143.27
	1817.89
	1870.88
	2653.57

	21
	154.10
	146.77
	139.22
	142.37
	1817.89
	1859.08
	2488.01

	22
	169.33
	161.27
	85.21
	88.95
	1101.96
	1150.36
	1790.54

	23
	145.93
	138.98
	85.21
	88.47
	1101.96
	1144.17
	1703.61

	24
	126.52
	120.49
	85.21
	88.07
	1101.96
	1139.06
	1631.51

	25
	142.21
	135.44
	67.19
	70.49
	862.02
	904.36
	1435.12

	26
	125.72
	119.73
	67.19
	70.15
	862.02
	900.03
	1374.32

	27
	114.88
	109.41
	67.19
	69.93
	862.02
	897.22
	1334.42



[bookmark: _Hlk168310263]
Table 5: Summary of GHG emissions for S1-AA-CF
	
	GHG emissions in kgCO2eq. kg-1

	Scenario ID
	Sugarcane mill
	Biorefinery
	Total

	1
	1.71
	3.15
	4.88

	2
	1.71
	3.15
	4.88

	3
	1.71
	3.15
	4.88

	4
	1.63
	0.41
	2.05

	5
	1.63
	0.41
	2.05

	6
	1.63
	0.41
	2.05

	7
	1.62
	0.14
	1.78

	8
	1.62
	0.14
	1.78

	9
	1.62
	0.14
	1.78

	10
	1.28
	2.98
	4.27

	11
	1.28
	2.98
	4.27

	12
	1.28
	2.98
	4.27

	13
	1.26
	0.41
	1.68

	14
	1.26
	0.41
	1.68

	15
	1.26
	0.41
	1.68

	16
	1.24
	0.14
	1.40

	17
	1.24
	0.14
	1.40

	18
	1.24
	0.14
	1.40

	19
	1.05
	2.95
	4.01

	20
	1.05
	2.95
	4.01

	21
	1.05
	2.95
	4.01

	22
	1.03
	0.30
	1.34

	23
	1.03
	0.30
	1.34

	24
	1.03
	0.30
	1.34

	25
	1.00
	0.14
	1.15

	26
	1.00
	0.14
	1.15

	27
	1.00
	0.14
	1.15





Table 6: Summary of GHG emissions for S1-AA-EF
	
	GHG emissions in kgCO2eq. kg-1

	Scenario ID
	Sugarcane mill
	Biorefinery
	Total

	1
	1.71
	1.88
	3.52

	2
	1.71
	1.88
	3.52

	3
	1.71
	1.88
	3.52

	4
	1.63
	0.95
	2.56

	5
	1.63
	0.95
	2.56

	6
	1.63
	0.95
	2.56

	7
	1.62
	0.64
	2.22

	8
	1.62
	0.64
	2.22

	9
	1.62
	0.64
	2.22

	10
	1.28
	1.50
	2.80

	11
	1.28
	1.50
	2.80

	12
	1.28
	1.50
	2.80

	13
	1.26
	0.76
	2.02

	14
	1.26
	0.76
	2.02

	15
	1.26
	0.76
	2.02

	16
	1.24
	0.51
	1.73

	17
	1.24
	0.51
	1.73

	18
	1.24
	0.51
	1.73

	19
	1.05
	1.21
	2.24

	20
	1.05
	1.21
	2.24

	21
	1.05
	1.21
	2.24

	22
	1.03
	0.63
	1.65

	23
	1.03
	0.63
	1.65

	24
	1.03
	0.63
	1.65

	25
	1.00
	0.43
	1.45

	26
	1.00
	0.43
	1.45

	27
	1.00
	0.43
	1.45



