Table S1: Summary of original dataset 
	biomass type
	C (%)
	H (%)
	N (%)
	O (%)
	S (%)
	VM (%)
	Ash (%)
	FC (%)
	Moisture (%)
	Cel (%)
	Hem (%)
	Lig (%)
	Location 
	Plant capacity (kg/hr)
	MSP

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	US
	50000
	0.64

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	US
	50000
	0.63

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	US
	50000
	0.69

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	US
	50000
	0.85

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	US
	50000
	1.2

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	US
	50000
	0.78

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	US
	50000
	0.63

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	US
	50000
	0.73

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	US
	50000
	0.69

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	US
	50000
	0.75

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	US
	50000
	0.75

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	US
	50000
	0.67

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	US
	50000
	0.91

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	US
	50000
	0.67

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	US
	50000
	0.64

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	US
	50000
	0.63

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	US
	50000
	0.69

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	US
	50000
	0.65

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	US
	50000
	0.69

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	US
	50000
	0.64

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	US
	50000
	0.66

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	US
	50000
	0.68

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	US
	50000
	0.64

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	US
	50000
	0.9

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	US
	50000
	0.68

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	US
	50000
	0.65

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	US
	50000
	0.73

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	US
	50000
	0.66

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	US
	50000
	0.7

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	US
	50000
	0.66

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	US
	50000
	0.75

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	UK
	50000
	0.6864

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	UK
	50000
	0.6656

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	UK
	50000
	0.7384

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	UK
	50000
	0.9256

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	UK
	50000
	1.2792

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	UK
	50000
	0.8424

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	UK
	50000
	0.6864

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	UK
	50000
	0.78

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	UK
	50000
	0.7384

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	UK
	50000
	0.8112

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	UK
	50000
	0.8112

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	UK
	50000
	0.728

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	UK
	50000
	0.9672

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	UK
	50000
	0.7176

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	UK
	50000
	0.6968

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	UK
	50000
	0.6864

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	UK
	50000
	0.7384

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	UK
	50000
	0.7072

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	UK
	50000
	0.7384

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	UK
	50000
	0.6864

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	UK
	50000
	0.7072

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	UK
	50000
	0.7384

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	UK
	50000
	0.6864

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	UK
	50000
	0.9568

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	UK
	50000
	0.7384

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	UK
	50000
	0.6968

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	UK
	50000
	0.78

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	UK
	50000
	0.7072

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	UK
	50000
	0.7592

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	UK
	50000
	0.7072

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	UK
	50000
	0.8112

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	China
	50000
	0.4026

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	China
	50000
	0.396

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	China
	50000
	0.4356

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	China
	50000
	0.5478

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	China
	50000
	0.7788

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	China
	50000
	0.495

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	China
	50000
	0.396

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	China
	50000
	0.462

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	China
	50000
	0.4356

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	China
	50000
	0.4752

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	China
	50000
	0.4752

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	China
	50000
	0.4224

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	China
	50000
	0.5808

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	China
	50000
	0.4224

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	China
	50000
	0.4026

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	China
	50000
	0.396

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	China
	50000
	0.4356

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	China
	50000
	0.4092

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	China
	50000
	0.4356

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	China
	50000
	0.4026

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	China
	50000
	0.4158

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	China
	50000
	0.4356

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	China
	50000
	0.4026

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	China
	50000
	0.5742

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	China
	50000
	0.429

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	China
	50000
	0.4092

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	China
	50000
	0.462

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	China
	50000
	0.4092

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	China
	50000
	0.4422

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	China
	50000
	0.4158

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	China
	50000
	0.4752

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	US
	25000
	0.96

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	US
	25000
	0.96

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	US
	25000
	1.01

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	US
	25000
	1.19

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	US
	25000
	1.53

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	US
	25000
	1.11

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	US
	25000
	0.96

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	US
	25000
	1.05

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	US
	25000
	1.01

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	US
	25000
	1.08

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	US
	25000
	1.08

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	US
	25000
	1

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	US
	25000
	1.23

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	US
	25000
	0.99

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	US
	25000
	0.97

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	US
	25000
	0.96

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	US
	25000
	1.01

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	US
	25000
	0.98

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	US
	25000
	1.01

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	US
	25000
	0.96

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	US
	25000
	0.98

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	US
	25000
	1.01

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	US
	25000
	0.96

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	US
	25000
	1.22

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	US
	25000
	1.01

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	US
	25000
	0.97

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	US
	25000
	1.05

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	US
	25000
	0.98

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	US
	25000
	1.03

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	US
	25000
	0.98

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	US
	25000
	1.07

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	UK
	25000
	0.9984

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	UK
	25000
	0.9984

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	UK
	25000
	1.0504

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	UK
	25000
	1.2376

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	UK
	25000
	1.5912

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	UK
	25000
	1.1544

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	UK
	25000
	0.9984

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	UK
	25000
	1.092

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	UK
	25000
	1.0504

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	UK
	25000
	1.1232

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	UK
	25000
	1.1232

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	UK
	25000
	1.04

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	UK
	25000
	1.2792

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	UK
	25000
	1.0296

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	UK
	25000
	1.0088

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	UK
	25000
	0.9984

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	UK
	25000
	1.0504

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	UK
	25000
	1.0192

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	UK
	25000
	1.0504

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	UK
	25000
	0.9984

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	UK
	25000
	1.0192

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	UK
	25000
	1.0504

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	UK
	25000
	0.9984

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	UK
	25000
	1.2688

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	UK
	25000
	1.0504

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	UK
	25000
	1.0088

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	UK
	25000
	1.092

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	UK
	25000
	1.0192

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	UK
	25000
	1.0712

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	UK
	25000
	1.0192

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	UK
	25000
	1.1128

	 empty fruit bunch (EFB)
	53.04 
	6.39 
	0.87 
	39.37 
	0.33 
	82.07 
	4.88 
	13.05 
	0.00 
	37.26 
	14.62 
	31.68 
	China
	25000
	0.6204

	rice husk (RH)
	52.85 
	6.19 
	0.44 
	40.22 
	0.31 
	70.78 
	12.00 
	17.22 
	0.00 
	31.30 
	24.30 
	14.10 
	China
	25000
	0.6204

	corn straw pellets
	40.02 
	6.01 
	0.88 
	52.86 
	0.23 
	72.29 
	10.02 
	17.68 
	0.00 
	35.00 
	27.50 
	10.00 
	China
	25000
	0.6534

	 sewage sludge (SS)
	45.74 
	10.76 
	7.04 
	34.91 
	1.55 
	49.36 
	42.02 
	8.63 
	0.00 
	35.00 
	25.00 
	26.50 
	China
	25000
	0.7722

	soybean oil cake
	44.48 
	6.28 
	8.21 
	40.49 
	0.54 
	77.50 
	6.47 
	16.03 
	0.00 
	22.78 
	55.42 
	2.96 
	China
	25000
	0.9966

	Switchgrass
	44.70 
	7.24 
	1.19 
	46.87 
	0.00 
	94.16 
	2.47 
	3.37 
	0.00 
	45.00 
	27.00 
	10.00 
	China
	25000
	0.7194

	goat manure
	45.02 
	6.57 
	2.19 
	46.22 
	0.00 
	76.12 
	18.95 
	4.93 
	0.00 
	21.00 
	28.00 
	21.00 
	China
	25000
	0.6204

	walnut shell
	45.90 
	5.71 
	1.62 
	46.77 
	0.00 
	77.32 
	1.78 
	20.90 
	0.00 
	21.00 
	12.80 
	32.70 
	China
	25000
	0.6864

	Husks
	46.34 
	6.20 
	0.49 
	46.96 
	0.00 
	74.24 
	2.97 
	22.79 
	0.00 
	44.40 
	41.37 
	2.11 
	China
	25000
	0.66

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	China
	25000
	0.6996

	Cobs
	47.65 
	6.17 
	0.62 
	45.56 
	0.00 
	72.95 
	1.54 
	25.51 
	0.00 
	29.01 
	41.24 
	22.40 
	China
	25000
	0.6996

	Leaves
	48.27 
	6.43 
	1.17 
	44.07 
	0.07 
	67.78 
	9.49 
	22.73 
	0.00 
	22.29 
	34.32 
	18.40 
	China
	25000
	0.6468

	palm kernel shell 
	47.01 
	5.43 
	0.49 
	47.04 
	0.02 
	71.21 
	3.12 
	25.66 
	0.00 
	6.92 
	26.12 
	53.40 
	China
	25000
	0.8052

	Waste bamboo materials
	47.10 
	6.50 
	0.60 
	45.80 
	0.00 
	71.70 
	1.70 
	26.60 
	0.00 
	39.20 
	22.40 
	25.20 
	China
	25000
	0.6468

	rice straw
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.20 
	22.00 
	22.00 
	China
	25000
	0.627

	Paddy straw 
	48.75 
	5.98 
	1.99 
	43.28 
	0.00 
	60.84 
	22.55 
	16.61 
	0.00 
	39.50 
	23.00 
	14.50 
	China
	25000
	0.6204

	Wood stem 
	50.52 
	5.81 
	0.23 
	43.44 
	0.00 
	87.83 
	0.44 
	11.73 
	0.00 
	45.00 
	25.00 
	25.00 
	China
	25000
	0.6534

	Bagasse 
	51.71 
	5.32 
	0.33 
	42.64 
	0.00 
	81.80 
	2.42 
	15.78 
	0.00 
	45.00 
	28.00 
	20.00 
	China
	25000
	0.6336

	Wood bark 
	53.42 
	6.12 
	1.40 
	39.06 
	0.00 
	76.56 
	5.44 
	18.00 
	0.00 
	45.00 
	30.00 
	20.00 
	China
	25000
	0.6534

	Poultry litter (PL)
	48.77 
	6.05 
	4.25 
	40.26 
	0.67 
	74.30 
	16.90 
	8.80 
	0.00 
	24.13 
	18.95 
	4.17 
	China
	25000
	0.6204

	Dairy manure（DM)
	53.01 
	6.26 
	2.61 
	37.83 
	0.28 
	80.70 
	14.80 
	4.50 
	0.00 
	32.60 
	23.80 
	26.80 
	China
	25000
	0.6402

	Swine solids (SW)
	56.09 
	7.11 
	4.86 
	30.83 
	1.11 
	73.53 
	20.88 
	5.59 
	0.00 
	16.60 
	48.50 
	1.60 
	China
	25000
	0.6534

	peanut shell
	48.87 
	6.25 
	0.33 
	44.09 
	0.47 
	77.75 
	2.15 
	20.09 
	0.00 
	38.90 
	15.41 
	30.62 
	China
	25000
	0.627

	Poplar wood (Populus alba)
	48.91 
	6.00 
	0.53 
	44.44 
	0.12 
	78.26 
	1.13 
	20.61 
	0.00 
	49.87 
	22.93 
	24.77 
	China
	25000
	0.7986

	pinewood sawdust
	49.10 
	5.55 
	0.45 
	44.90 
	0.00 
	82.75 
	0.53 
	16.72 
	0.00 
	42.60 
	22.30 
	37.70 
	China
	25000
	0.6534

	Maize stalk
	49.27 
	6.55 
	1.56 
	42.62 
	0.00 
	80.75 
	6.04 
	13.20 
	0.00 
	36.89 
	20.42 
	17.38 
	China
	25000
	0.6336

	Beech wood pellets
	50.84 
	5.90 
	0.30 
	42.93 
	0.02 
	85.30 
	0.40 
	14.30 
	0.00 
	44.50 
	27.50 
	26.00 
	China
	25000
	0.6864

	cow manure
	52.04 
	6.98 
	3.55 
	36.30 
	1.14 
	57.46 
	27.07 
	15.47 
	0.00 
	32.60 
	23.80 
	26.80 
	China
	25000
	0.6402

	spruce wood
	53.20 
	6.10 
	0.10 
	40.60 
	0.00 
	80.60 
	0.80 
	18.60 
	0.00 
	37.50 
	31.00 
	29.00 
	China
	25000
	0.6666

	MPL(tea)
	55.24 
	5.89 
	1.58 
	37.29 
	0.00 
	84.04 
	4.12 
	11.83 
	0.00 
	30.00 
	15.60 
	31.10 
	China
	25000
	0.6402

	safflower seed
	60.46 
	9.08 
	3.10 
	27.36 
	0.00 
	85.68 
	2.33 
	11.98 
	0.00 
	25.19 
	17.22 
	26.76 
	China
	25000
	1.0176




Table S2: Original Data Model Results before hyper parameter tuning
	Model
	Linear_Regression
	Random_Forest
	Gradient_Boosting
	Elastic_Net
	XGBoost

	Train_R²
	0.9412
	0.9787
	0.9990
	0.8266
	1.0000

	Test_R²
	0.9384
	0.9182
	0.9463
	0.7819
	0.9580

	Train_RMSE
	0.0564
	0.0340
	0.0075
	0.0968
	0.0015

	Test_RMSE
	0.0675
	0.0778
	0.0630
	0.1270
	0.0558

	Train_MAE
	0.0413
	0.0184
	0.0058
	0.0757
	0.0012

	Test_MAE
	0.0509
	0.0491
	0.0277
	0.0907
	0.0319








Table S3: GAN Synthetic data Model results before hyper parameter tuning

	Model
	Linear_Regression
	Random_Forest
	Gradient_Boosting
	Elastic_Net
	XGBoost

	Train_R²
	0.6071
	0.9370
	0.9631
	0.5736
	1.0000

	Test_R²
	0.4155
	0.5257
	0.5573
	0.4309
	0.6152

	Train_RMSE
	0.1554
	0.0623
	0.0477
	0.1619
	0.0008

	Test_RMSE
	0.1690
	0.1523
	0.1471
	0.1668
	0.1371

	Train_MAE
	0.1251
	0.0498
	0.0380
	0.1290
	0.0006

	Test_MAE
	0.1329
	0.1246
	0.1173
	0.1298
	0.1121



Table S4: VAE synthetic Data Model results before hyper parameter tuning
	Model
	Linear_Regression
	Random_Forest
	Gradient_Boosting
	Elastic_Net
	XGBoost

	Train_R²
	0.9852
	0.9998
	0.9965
	0.8107
	0.9996

	Test_R²
	0.9847
	0.9977
	0.9941
	0.8169
	0.9967

	Train_RMSE
	0.0055
	0.0006
	0.0027
	0.0198
	0.0009

	Test_RMSE
	0.0056
	0.0022
	0.0035
	0.0194
	0.0026

	Train_MAE
	0.0044
	0.0003
	0.0020
	0.0149
	0.0007

	Test_MAE
	0.0045
	0.0010
	0.0025
	0.0147
	0.0015















Figure S1: Heat Map of synthetic data generated by GAN
[image: A chart of data analysis

Description automatically generated with medium confidence]

Figure S2: Heat map of VAE-generated synthetic data [image: A close-up of a data chart

Description automatically generated]

Figure S3: Parity plots using the original dataset 
[image: A graph of a graph

Description automatically generated with medium confidence]
Figure S4: Parity plots using the GAN dataset 
[image: A diagram of a graph

Description automatically generated with medium confidence]
Figure S5: Parity plot using the VAE dataset 
[image: A collage of graphs

Description automatically generated]
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