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Table S1 The optimal solution and corresponding predicted and experimental outputs from ML models
	No.
	Biomass
	C, H, N, O, % a
	VM, Ash, FC, % b
	T, °C
	RT, min
	HR, °C min–1

	Run 1
	Rice husk
	48.00, 6.82, 0.38, 44.53
	70.10, 13.46, 16.44
	600
	90
	6

	Run 2
	Rice husk
	48.00, 6.82, 0.38, 44.53
	70.10, 13.46, 16.44
	800
	30
	8

	Run 3
	Sawdust
	48.22, 6.13, 0.30, 45.35
	82.80, 1.00, 16.20
	800
	30
	6

	Run 4
	Corn stalk
	48.26, 7.02, 1.24, 42.92
	71.85, 14.83, 13.32
	800
	30
	4


a O=100-C-H-N-O, on dry ash-free basis
b Ash=100-VM-FC, on dry basis
Table S2 Detailed parameter distribution and parameter scale in the seven datasets
	Items
	
	Dataset #1
	Dataset #2
	Dataset #3
	Dataset #4
	Dataset #5
	Dataset #6
	Dataset #7

	Elemental composition a
	C (%)
	39.78-87.62
	33.77-87.62
	33.77-87.62
	39.78-87.62
	39.78-87.62
	33.77-87.62
	39.78-87.62

	
	H (%)
	3.42-10.76
	3.42-13.67
	3.42-13.67
	3.42-10.76
	3.42-10.76
	3.42-13.67
	3.42-10.76

	
	N (%)
	0.05-9.78
	0.05-8.21
	0.05-8.21
	0.05-8.21
	0.05-8.21
	0.05-8.21
	0.05-8.21

	
	O (%)
	0.87-52.86
	0.87-52.86
	0.87-52.86
	0.87-52.86
	0.87-52.86
	0.87-52.86
	0.87-52.86

	Proximate composition b
	VM (%)
	29.86-94.16
	49.36-94.16
	49.36-94.16
	49.36-94.16
	49.36-94.16
	49.36-94.16
	49.36-94.16

	
	Ash (%)
	0.30-45.54
	0.30-42.02
	0.30-42.02
	0.30-42.02
	0.30-42.02
	0.30-42.02
	0.30-42.02

	
	FC (%)
	3.37-37.77
	3.37-32.03
	3.37-37.77
	3.37-32.03
	3.37-37.77
	3.37-32.03
	3.37-32.03

	Biochemical composition
	Cel (%)
	11.87-66.26
	11.87-66.26
	11.87-66.26
	11.87-66.26
	11.87-66.26
	11.87-66.26
	11.87-66.26

	
	Hem (%)
	10.21-55.42
	10.21-55.42
	10.21-55.42
	10.21-55.42
	10.21-55.42
	10.21-55.42
	10.21-55.42

	
	Lig (%)
	2.11-54.23
	2.11-31.20
	2.96-40.61
	2.96-31.20
	2.96-31.20
	2.96-31.20
	2.96-31.20

	
	Ext (%)
	2.43-72.12
	2.43-72.12
	2.19-72.12
	2.43-72.12
	2.43-72.12
	2.43-72.12
	2.43-72.12

	Pyrolysis conditions
	T (°C)
	150-800
	200-800
	150-800
	200-800
	200-800
	200-800
	200-800

	
	RT (min)
	6-480
	6-240
	10-480
	6-240
	10-480
	10-240
	10-240

	
	HR (°C min–1)
	1-300
	1-300
	1-300
	1-300
	1-300
	1-300
	1-300

	Properties of biochar
	Yield-char (%)
	9.60-93.50
	- c
	-
	13.50-88.50
	9.60-81.66
	-
	15.38-81.66

	
	N-char (%)
	-
	0.09-9.20
	-
	0.09-9.13
	-
	0.09-9.20
	0.09-9.13

	
	SSA-char (m2 g–1)
	-
	-
	0.02-525.86
	-
	0.02-525.86
	0.56-525.86
	0.73-525.86


[bookmark: _Hlk99821397]a On dry ash-free basis
b On dry basis
c Not available


[bookmark: _Hlk79778121]Table S3 Single-task prediction for biochar yield, N content and specific surface area of biochar based on RF and GBR
	Datasets
	Sub-datasets
	[bookmark: _Hlk79682048]Inputs
	Target
(outputs)
	Data points
	Model
	Optimal (n_estimators, max_depth)
	Model score
	Train R2
	Train RMSE
	Test R2
	Test RMSE

	#1
	#1_1
	CHON, T, RT, HR
	Yield-char
	282
	RF
	128,16
	0.83 
	0.97 
	2.31 
	0.83 
	6.68 

	
	
	
	
	
	GBR
	150,2
	0.89 
	1.00 
	0.70 
	0.89 
	5.49 

	
	#1_2
	Ash, FC, VM, T, RT, HR
	
	206
	RF
	128,32
	0.90 
	0.98 
	1.91 
	0.90 
	4.07 

	
	
	
	
	
	GBR
	150,2
	0.92 
	0.98 
	2.24 
	0.92 
	3.57 

	
	#1_3
	CHLE, T, RT, HR
	
	133
	RF
	16,16
	0.93 
	0.97 
	2.28 
	0.93 
	3.73 

	
	
	
	
	
	GBR
	150,4
	0.92 
	1.00 
	0.33 
	0.92 
	3.84 

	
	#1_4
	CHON, Ash, T, RT, HR
	
	282
	RF
	150,16
	0.84 
	0.97 
	2.25 
	0.84 
	6.48 

	
	
	
	
	
	GBR
	150,2
	0.84 
	0.96 
	2.85 
	0.84 
	6.48 

	
	#1_5
	CHON, Ash, FC, VM, T, RT, HR
	
	196
	RF
	64,16
	0.85 
	0.99 
	1.30 
	0.85 
	5.69 

	
	
	
	
	
	GBR
	150,4
	0.90 
	1.00 
	0.39 
	0.90 
	4.66 

	
	#1_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	118
	RF
	32,16
	0.97 
	0.99 
	1.40 
	0.97 
	2.32 

	
	
	
	
	
	GBR
	150,2
	0.94 
	1.00 
	0.94 
	0.94 
	3.56 

	#2
	#2_1
	CHON, T, RT, HR
	N-char
	251
	RF
	150,32
	0.81 
	0.98 
	0.33 
	0.81 
	0.96 

	
	
	
	
	
	GBR
	64,4
	0.87 
	1.00 
	0.13 
	0.87 
	0.79 

	
	#2_2
	Ash, FC, VM, T, RT, HR
	
	170
	RF
	150,16
	0.84 
	0.98 
	0.28 
	0.84 
	0.80 

	
	
	
	
	
	GBR
	150,4
	0.86 
	1.00 
	0.10 
	0.86 
	0.75 

	
	#2_3
	CHLE, T, RT, HR
	
	75
	RF
	128,16
	0.88 
	0.91 
	0.36 
	0.88 
	0.44 

	
	
	
	
	
	GBR
	16,2
	0.61 
	0.99 
	0.11 
	0.61 
	0.80 

	
	#2_4
	CHON, Ash, T, RT, HR
	
	236
	RF
	8,8
	0.82 
	0.96 
	0.46 
	0.82 
	0.93 

	
	
	
	
	
	GBR
	128,4
	0.92 
	1.00 
	0.12 
	0.92 
	0.64 

	
	#2_5
	CHON, Ash, FC, VM, T, RT, HR
	
	161
	RF
	128,8
	0.90 
	0.97 
	0.33 
	0.90 
	0.63 

	
	
	
	
	
	GBR
	150,2
	0.92 
	0.97 
	0.30 
	0.92 
	0.56 

	
	#2_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	67
	RF
	64,2
	0.77 
	0.82 
	0.51 
	0.77 
	0.64 

	
	
	
	
	
	GBR
	16,2
	0.65 
	0.90 
	0.38 
	0.65 
	0.79 

	#3
	#3_1
	CHON, T, RT, HR
	SSA-char
	259
	RF
	150,32
	0.60 
	0.94 
	25.29 
	0.60 
	81.13 

	
	
	
	
	
	GBR
	150,4
	0.70 
	0.99 
	9.55 
	0.70 
	70.06 

	
	#3_2
	Ash, FC, VM, T, RT, HR
	
	183
	RF
	16,16
	0.88 
	0.95 
	23.69 
	0.88 
	38.22 

	
	
	
	
	
	GBR
	150,4
	0.84 
	1.00 
	5.98 
	0.84 
	45.42 

	
	#3_3
	CHLE, T, RT, HR
	
	75
	RF
	64,64
	0.76 
	0.99 
	14.90 
	0.76 
	68.78 

	
	
	
	
	
	GBR
	64,4
	0.86 
	1.00 
	4.20 
	0.86 
	53.17 

	
	#3_4
	CHON, Ash, T, RT, HR
	
	253
	RF
	150,32
	0.83 
	0.95 
	26.38 
	0.83 
	33.84 

	
	
	
	
	
	GBR
	150,4
	0.90 
	0.99 
	9.78 
	0.90 
	26.03 

	
	#3_5
	CHON, Ash, FC, VM, T, RT, HR
	
	183
	RF
	32,8
	0.86 
	0.97 
	20.75 
	0.86 
	41.62 

	
	
	
	
	
	GBR
	150,4
	0.93 
	1.00 
	4.49 
	0.93 
	29.89 

	
	#3_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	68
	RF
	16,8
	0.85 
	0.99 
	14.90 
	0.85 
	51.85 

	
	
	
	
	
	GBR
	8,4
	0.91 
	1.00 
	1.69 
	0.91 
	39.65 


Note: Elemental Composition (C: carbon; H: hydrogen; O: oxygen; N: nitrogen); Proximate Composition (Ash: ash content, FC: fixed carbon, VM: volatile matter); Biochemical composition (CHLE: cellulose, hemicellulose, lignin, extractive); Pyrolysis Conditions (T: temperature, RT: residence time, HR: heating rate); Yield-char: biochar yield; N-char: nitrogen content in biochar; SSA-char: specific surface area of biochar

Table S4 Multi-task prediction for biochar yield and N content of biochar, N content and specific surface area, biochar yield and specific surface area based on RF and GBR
	Dataset
	Sub-datasets
	Inputs
	Target
(outputs)
	Data points
	Model
	Optimal (n_estimators, max_depth)
	Model score (average of test R2)
	Train R2
	Train RMSE
	Test R2
	Test RMSE

	#4
	#4_1
	CHON, T, RT, HR
	Yield-char
N-char
	209
	RF
	16, 16
	0.77
	0.95
	0.21
	0.75
	0.53

	
	
	
	
	
	
	
	
	0.95
	0.22
	0.79
	0.54

	
	
	
	
	
	GBR
	150, 4
	0.89
	1.00
	0.04
	0.84
	0.42

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.93
	0.30

	
	#4_2
	Ash, FC, VM, T, RT, HR
	
	142
	RF
	150, 16
	0.77
	0.98
	0.15
	0.88
	0.34

	
	
	
	
	
	
	
	
	0.96
	0.20
	0.65
	0.50

	
	
	
	
	
	GBR
	150, 4
	0.90
	1.00
	0.04
	0.96
	0.19

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.83
	0.35

	
	#4_3
	CHLE, T, RT, HR
	
	72
	RF
	128, 8
	0.92
	0.98
	0.14
	0.97
	0.17

	
	
	
	
	
	
	
	
	0.94
	0.26
	0.87
	0.21

	
	
	
	
	
	GBR
	64, 2
	0.93
	0.98
	0.14
	0.97
	0.17

	
	
	
	
	
	
	
	
	0.96
	0.21
	0.89
	0.20

	
	#4_4
	CHON, Ash, T, RT, HR
	
	209
	RF
	150, 32
	0.84
	0.96
	0.18
	0.82
	0.45

	
	
	
	
	
	
	
	
	0.97
	0.17
	0.86
	0.34

	
	
	
	
	
	GBR
	128, 4
	0.91
	1.00
	0.05
	0.88
	0.36

	
	
	
	
	
	
	
	
	1.00
	0.05
	0.93
	0.23

	
	#4_5
	CHON, Ash, FC, VM, T, RT, HR
	
	136
	RF
	150, 16
	0.88
	0.97
	0.16
	0.94
	0.22

	
	
	
	
	
	
	
	
	0.97
	0.16
	0.81
	0.43

	
	
	
	
	
	GBR
	150, 2
	0.91
	0.98
	0.15
	0.93
	0.26

	
	
	
	
	
	
	
	
	0.98
	0.15
	0.90
	0.31

	
	#4_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	64
	RF
	64, 4
	0.95
	0.96
	0.19
	0.95
	0.24

	
	
	
	
	
	
	
	
	0.93
	0.28
	0.94
	0.15

	
	
	
	
	
	GBR
	32, 2
	0.96
	0.98
	0.14
	0.97
	0.21

	
	
	
	
	
	
	
	
	0.95
	0.24
	0.95
	0.14

	#5
	#5_1
	CHON, T, RT, HR
	Yield-char
SSA-char
	193
	RF
	64, 64
	0.76
	0.96
	0.19
	0.86
	0.34

	
	
	
	
	
	
	
	
	0.94
	0.25
	0.66
	0.37

	
	
	
	
	
	GBR
	150, 4
	0.82
	1.00
	0.05
	0.88
	0.31

	
	
	
	
	
	
	
	
	1.00
	0.07
	0.76
	0.31

	
	#5_2
	Ash, FC, VM, T, RT, HR
	
	138
	RF
	128, 8
	0.85
	0.97
	0.16
	0.76
	0.55

	
	
	
	
	
	
	
	
	0.96
	0.20
	0.93
	0.27

	
	
	
	
	
	GBR
	64, 4
	0.86
	0.99
	0.08
	0.79
	0.51

	
	
	
	
	
	
	
	
	0.99
	0.12
	0.92
	0.28

	
	#5_3
	CHLE, T, RT, HR
	
	78
	RF
	32, 8
	0.95
	0.99
	0.11
	0.94
	0.27

	
	
	
	
	
	
	
	
	0.98
	0.13
	0.97
	0.19

	
	
	
	
	
	GBR
	150, 4
	0.93
	1.00
	0.01
	0.96
	0.20

	
	
	
	
	
	
	
	
	1.00
	0.01
	0.90
	0.36

	
	#5_4
	CHON, Ash, T, RT, HR
	
	193
	RF
	150, 32
	0.79
	0.97
	0.18
	0.87
	0.30

	
	
	
	
	
	
	
	
	0.97
	0.19
	0.72
	0.46

	
	
	
	
	
	GBR
	150, 4
	0.72
	1.00
	0.04
	0.91
	0.25

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.53
	0.59

	
	#5_5
	CHON, Ash, FC, VM, T, RT, HR
	
	131
	RF
	8, 32
	0.91
	0.96
	0.20
	0.86
	0.36

	
	
	
	
	
	
	
	
	0.95
	0.21
	0.96
	0.24

	
	
	
	
	
	GBR
	150, 4
	0.95
	1.00
	0.02
	0.93
	0.25

	
	
	
	
	
	
	
	
	1.00
	0.02
	0.96
	0.23

	
	#5_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	68
	RF
	150, 16
	0.92
	0.98
	0.13
	0.98
	0.17

	
	
	
	
	
	
	
	
	0.98
	0.12
	0.86
	0.36

	
	
	
	
	
	GBR
	150, 2
	0.98
	0.99
	0.08
	0.98
	0.19

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.98
	0.15

	#6
	#6_1
	CHON, T, RT, HR
	N-char
SSA-char
	189
	RF
	128, 16
	0.86
	0.98
	0.15
	0.89
	0.36

	
	
	
	
	
	
	
	
	0.95
	0.23
	0.83
	0.28

	
	
	
	
	
	GBR
	32, 4
	0.87
	0.98
	0.13
	0.90
	0.34

	
	
	
	
	
	
	
	
	0.96
	0.20
	0.85
	0.27

	
	#6_2
	Ash, FC, VM, T, RT, HR
	
	143
	RF
	32, 8
	0.74
	0.97
	0.18
	0.70
	0.52

	
	
	
	
	
	
	
	
	0.94
	0.26
	0.78
	0.40

	
	
	
	
	
	GBR
	64, 4
	0.82
	1.00
	0.06
	0.80
	0.43

	
	
	
	
	
	
	
	
	0.99
	0.12
	0.85
	0.32

	
	#6_3
	CHLE, T, RT, HR
	
	69
	RF
	150, 16
	0.75
	0.94
	0.20
	0.59
	0.96

	
	
	
	
	
	
	
	
	0.98
	0.14
	0.90
	0.27

	
	
	
	
	
	GBR
	64, 2
	0.80
	0.94
	0.19
	0.74
	0.76

	
	
	
	
	
	
	
	
	0.97
	0.18
	0.86
	0.32

	
	#6_4
	CHON, Ash, T, RT, HR
	
	186
	RF
	64, 64
	0.85
	0.97
	0.17
	0.90
	0.25

	
	
	
	
	
	
	
	
	0.95
	0.23
	0.80
	0.44

	
	
	
	
	
	GBR
	16, 4
	0.80
	0.93
	0.28
	0.88
	0.27

	
	
	
	
	
	
	
	
	0.86
	0.38
	0.72
	0.53

	
	#6_5
	CHON, Ash, FC, VM, T, RT, HR
	
	134
	RF
	64, 16
	0.83
	0.98
	0.15
	0.89
	0.25

	
	
	
	
	
	
	
	
	0.95
	0.21
	0.76
	0.53

	
	
	
	
	
	GBR
	150, 4
	0.84
	1.00
	0.02
	0.89
	0.25

	
	
	
	
	
	
	
	
	1.00
	0.02
	0.79
	0.51

	
	#6_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	63
	RF
	16, 8
	0.83
	0.92
	0.27
	0.69
	0.58

	
	
	
	
	
	
	
	
	0.99
	0.11
	0.97
	0.17

	
	
	
	
	
	GBR
	32, 4
	0.82
	0.99
	0.09
	0.67
	0.60

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.98
	0.14


Note: Elemental Composition (C: carbon; H: hydrogen; O: oxygen; N: nitrogen); Proximate Composition (Ash: ash content, FC: fixed carbon, VM: volatile matter); Biochemical composition (CHLE: cellulose, hemicellulose, lignin, extractive); Pyrolysis Conditions (T: temperature, RT: residence time, HR: heating rate); Yield-char: biochar yield; N-char: nitrogen content in biochar; SSA-char: specific surface area of biochar

Table S5 Multi-task prediction for biochar yield, N content in biochar and specific surface area of biochar based on RF and GBR
	Dataset
	Sub-datasets
	Inputs
	Target
(outputs)
	Data points
	Model
	Optimal (n_estimators, max_depth)
	Model score (average of test R2)
	Train R2
	Train RMSE
	Test R2
	Test RMSE

	#7
	#7_1
	CHON, T, RT, HR
	Yield-char 
N-char 
SSA-char
	170
	RF
	150, 16
	0.75
	0.96
	0.19
	0.82
	0.44

	
	
	
	
	
	
	
	
	0.96
	0.19
	0.78
	0.53

	
	
	
	
	
	
	
	
	0.96
	0.20
	0.66
	0.50

	
	
	
	
	
	GBR
	128, 2
	0.84
	0.94
	0.24
	0.87
	0.36

	
	
	
	
	
	
	
	
	0.97
	0.16
	0.96
	0.22

	
	
	
	
	
	
	
	
	0.90
	0.32
	0.69
	0.48

	
	#7_2
	Ash, FC, VM, T, RT, HR
	
	126
	RF
	64, 16
	0.78
	0.95
	0.22
	0.86
	0.34

	
	
	
	
	
	
	
	
	0.95
	0.23
	0.85
	0.40

	
	
	
	
	
	
	
	
	0.97
	0.18
	0.64
	0.47

	
	
	
	
	
	GBR
	150, 2
	0.83
	0.97
	0.17
	0.92
	0.25

	
	
	
	
	
	
	
	
	0.96
	0.19
	0.89
	0.35

	
	
	
	
	
	
	
	
	0.96
	0.21
	0.66
	0.46

	
	#7_3
	CHLE, T, RT, HR
	
	69
	RF
	128, 16
	0.85
	0.98
	0.15
	0.98
	0.13

	
	
	
	
	
	
	
	
	0.95
	0.23
	0.65
	0.37

	
	
	
	
	
	
	
	
	0.99
	0.10
	0.92
	0.32

	
	
	
	
	
	GBR
	150, 2
	0.84
	0.99
	0.07
	0.96
	0.20

	
	
	
	
	
	
	
	
	0.99
	0.10
	0.66
	0.37

	
	
	
	
	
	
	
	
	0.99
	0.11
	0.90
	0.35

	
	#7_4
	CHON, Ash, T, RT, HR
	
	170
	RF
	128, 16
	0.80
	0.97
	0.19
	0.70
	0.55

	
	
	
	
	
	
	
	
	0.96
	0.19
	0.86
	0.40

	
	
	
	
	
	
	
	
	0.95
	0.23
	0.85
	0.35

	
	
	
	
	
	GBR
	150, 2
	0.85
	0.96
	0.2
	0.76
	0.49

	
	
	
	
	
	
	
	
	0.98
	0.13
	0.89
	0.36

	
	
	
	
	
	
	
	
	0.9
	0.32
	0.90
	0.28

	
	#7_5
	CHON, Ash, FC, VM, T, RT, HR
	
	120
	RF
	64, 16
	0.81
	0.96
	0.19
	0.67
	0.60

	
	
	
	
	
	
	
	
	0.97
	0.19
	0.84
	0.29

	
	
	
	
	
	
	
	
	0.96
	0.20
	0.91
	0.31

	
	
	
	
	
	GBR
	150, 2
	0.81
	0.98
	0.14
	0.73
	0.55

	
	
	
	
	
	
	
	
	0.98
	0.15
	0.81
	0.32

	
	
	
	
	
	
	
	
	0.98
	0.16
	0.89
	0.34

	
	#7_6
	CHON, Ash, FC, VM, CHLE, T, RT, HR
	
	64
	RF
	128, 16
	0.82
	0.98
	0.12
	0.96
	0.19

	
	
	
	
	
	
	
	
	0.96
	0.21
	0.55
	0.48

	
	
	
	
	
	
	
	
	0.99
	0.08
	0.94
	0.28

	
	
	
	
	
	GBR
	128, 2
	0.88
	1.00
	0.06
	0.97
	0.17

	
	
	
	
	
	
	
	
	0.99
	0.12
	0.70
	0.39

	
	
	
	
	
	
	
	
	1.00
	0.06
	0.97
	0.19


Note: Elemental Composition (C: carbon; H: hydrogen; O: oxygen; N: nitrogen); Proximate Composition (Ash: ash content, FC: fixed carbon, VM: volatile matter); Biochemical composition (CHLE: cellulose, hemicellulose, lignin, extractive); Pyrolysis Conditions (T: temperature, RT: residence time, HR: heating rate); Yield-char: biochar yield; N-char: nitrogen content in biochar; SSA-char: specific surface area of biochar

Table S6 Detailed parameter distribution and parameter scale in the seven sub-datasets
	Item
	
	Dataset #1_6
	Dataset #2_6
	Dataset #3_6
	Dataset #4_6
	Dataset #5_6
	Dataset #6_6
	Dataset #7_6

	Elemental composition a
	C (%)
	44.48-60.46
	44.48-60.46
	47.60-60.46
	44.48-60.46
	44.48-60.46
	44.48-60.46
	44.48-60.46

	
	H (%)
	4.00-9.08
	4.00-9.08
	4.00-9.08
	4.00-9.08
	4.00-9.08
	4.00-9.08
	4.00-9.08

	
	N (%)
	0.49-8.21
	0.49-8.21
	0.53-3.10
	0.53-8.21
	0.53-8.21
	0.53-8.21
	0.53-8.21

	
	O (%)
	27.36-46.96
	27.36-46.96
	27.36-46.10
	27.36-44.44
	27.36-46.1
	27.36-44.44
	27.36-44.44

	Proximate composition b
	VM (%)
	60.84-85.68
	60.84-85.68
	60.84-85.68
	60.84-85.68
	67.47-85.68
	60.84-85.68
	60.84-85.68

	
	Ash (%)
	1.13-22.55
	1.13-22.55
	1.13-22.55
	1.13-22.55
	1.13-14.57
	1.13-22.55
	1.13-22.55

	
	FC (%)
	11.83-25.51
	11.83-25.51
	11.83-20.61
	11.83-20.61
	11.83-20.61
	11.83-20.61
	11.83-20.61

	Biochemical composition
	Cel (%)
	22.29-49.87
	22.29-49.87
	25.19-49.87
	22.78-49.87
	22.78-49.87
	22.78-49.87
	22.78-49.87

	
	Hem (%)
	14.30-55.42
	14.30-55.42
	14.30-40.39
	14.30-55.42
	14.30-55.42
	14.30-55.42
	14.30-55.42

	
	Lig (%)
	2.11-31.20
	2.11-31.20
	3.71-31.20
	2.96-31.20
	2.96-31.20
	2.96-31.20
	2.96-31.20

	
	Ext (%)
	2.43-30.83
	2.43-30.83
	2.43-30.83
	2.43-30.83
	2.43-30.83
	2.43-30.83
	2.43-30.83

	Pyrolysis conditions
	T (°C)
	250-800
	250-800
	250-700
	250-800
	250-800
	250-800
	250-800

	
	RT (min)
	10-180
	10-180
	10-180
	10-180
	10-180
	10-180
	10-180

	
	HR (°C min–1)
	1-300
	1-300
	1-300
	1-300
	1-300
	1-300
	1-300

	Properties of biochar (outputs)
	Yield-char (%)
	15.38-61.55
	-
	-
	15.38-61.55
	15.38-61.55
	-
	15.38-61.55

	
	N-char (%)
	- c
	0.37-8.48
	-
	0.54-8.48
	-
	0.54-5.51
	0.54-8.48

	
	SSA-char (m2 g–1)
	-
	-
	0.49-418.73
	-
	0.49-418.73
	0.73-418.73
	0.73-418.73

	Data size
	Number of data points
	118
	67
	68
	64
	68
	63
	64

	Hyper-parameter
	N_estimators, max_depth
	150, 2
	16, 2
	8, 4
	32, 2
	150, 2
	32, 4
	128, 2

	Predictive performance
	Train R2 (Test R2)
	1.00 (0.94)
	0.90 (0.65)
	1.00 (0.91)
	0.97 (0.96)
	1.00 (0.98)
	1.00 (0.82)
	(0.88)

	
	Train RMSE (Test RMSE)
	0.94 (3.56)
	0.38 (0.79)
	1.69 (39.65)
	0.19 (0.18)
	0.07 (0.17)
	0.08 (0.37)
	(0.25)


a On dry ash-free basis
b On dry basis

c Not available
[image: ]
[bookmark: _Hlk111498751]Fig. S1 The data distribution of biomass properties and biochar properties from 400 samples (Yield-char dataset without *, N-char dataset with *, SSA-char dataset with **)
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Fig. S2 The relative contribution of each feature for (a) Yield-char, N-char and SSA-char with all inputs except biochemical composition (b) Yield-char with all inputs (c) N-char with all inputs, (d) SSA-char with all inputs based on GBR model
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Fig. S3 Partial dependence plots of the top-four inputs to the prediction of (a) Yield-char (from dataset #1_6), (b) N-char (from dataset #2_6) and (c) SSA-char (from dataset #3_6) based on improved GBR model developed
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Fig. S4 The relative contribution of each feature for (a) Yield-char (b) N-char, (c) SSA-char based on GBR model
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Fig. S5 The optimal schemes of three target parameters derived from (a-c) sawdust and (d-f) corn stalk


References used for data collection:
[1][2][3][4][5][6][7][8][9][10][11][12][13][14][15][16][17][18][19][20][21][22][23][24][25][26][27][28][29][30][31][32][33][34][35][36][37][38][39][40][41][42][43][44][45][46][47][48][49][50].
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