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1. [bookmark: _Hlk197955381]Summary of key equations, simplifications, parameters, and their potential impacts on model accuracy in Simplified ADM1 (ADM1-R4) model.
Table S1. Summary of key equations, simplifications, parameters, and their potential impacts on model accuracy in Simplified ADM1 (ADM1-R4) model
	Aspect
	Simplifications and Key Assumptions
	Equations/Descriptions

	Reaction Pathways
	Aggregation of biochemical pathways (carbohydrates, proteins, lipids degradation).
	(represents carbohydrates, proteins, lipids).

	Microbial Growth Dynamics
	Assumes steady-state biomass; explicit microbial growth omitted.
	Biomass assumed constant; microbial decay implicitly included in simplified kinetics.

	Intermediate Reactions
	Consolidation of acidogenesis and acetogenesis into simplified kinetic expressions.
	Single-step first-order kinetic equations. 

	Hydrolysis Kinetics
	Simplified to first-order kinetics.
	

	Key Parameters
	Hydrolysis rate constants （); Degradation rate constants ().
	Hydrolysis: = 0.25 , =0.2 , = 0.1 ; Degradation: adjusted empirical constants from literature (Weinrich et al., 2021).



2. Parameters, Test Methods, Detection Limits, and Quality Control Procedures 
[bookmark: _Hlk197953046]Table S2. Parameters, Test Methods, Detection Limits, and Quality Control Procedures
	Parameter
	Standard/Reference
	Equipment
	Detection Limit
	Quality Control Procedures

	O (%)
	Poggio et al., 2016
	Elementar Vario EL cube
	0.1%
	Instrument calibrated daily; standard reference samples used

	C (%)
	Poggio et al., 2016
	Elementar Vario EL cube
	0.1%
	Replicate analysis and certified reference material

	H (%)
	Poggio et al., 2016
	Elementar Vario EL cube
	0.1%
	Daily blank and standard verification

	TS (%)
	Standard Methods
	Oven (105°C)
	0.1%
	Triplicate analysis until weight stability

	TN (%)
	Standard Methods
	Elementar Vario EL cube
	0.1%
	Internal standard and recovery checks

	TKN (g/kg)
	Kjeldahl nitrogen method
	KN680 Kjeldahl Detector
	0.01 g/kg
	Calibration curve, blank correction

	TAN (g/kg)
	UV-Vis spectrophotometry
	T6 UV-Vis Spectrophotometer
	0.01 g/kg
	Calibration curve, blank correction

	Moisture Content (%)
	Dry weight loss
	Oven (105°C)
	0.1%
	Repeated until constant weight achieved

	OM (%)
	Ignition loss
	Oven, Muffle Furnace
	±1.0%
	Consistent ignition temperature; duplicate

	Total Solid (%)
	APHA Standard Methods
	Muffle Furnace
	±0.1%
	Validated against standard procedure

	Volatile Solid (%)
	APHA Standard Methods
	Muffle Furnace
	±0.1%
	Blank and spike control samples

	pH
	pH meter method
	SX751 Multifunction Meter
	±0.1 pH
	pH buffer calibration 

	Hemicellulose (%)
	Li et al., 2016
	SH2201 Furnace, SHP-III Pump
	±0.1%
	Standard cellulose spike and blank

	Cellulose (%)
	Li et al., 2016
	SH2201 Furnace, SHP-III Pump
	±0.1%
	Parallel sample validation

	Lignin (%)
	Li et al., 2016
	SH2201 Furnace, SHP-III Pump
	±0.1%
	Mass balance check, duplicates

	VFA (mol/kg)
	Li et al., 2016
	Titration
	0.1 mol/kg
	Acid/base titrant standardization

	Crude Lipids (g/kg TS)
	Soxhlet extraction
	Soxhlet apparatus
	0.1 g/kg
	Solvent blank and recovery efficiency

	Crude Fibres (g/kg TS)
	Acid-base digestion
	CXC-06 Fiber Tester
	0.1 g/kg
	Recovery vs standard cellulose

	Inorganic Nitrogen (g/L)
	Colorimetric method
	KN680 Kjeldahl Detector
	0.1 g/L
	Duplicate and standard sample control

	Density (g/L)
	Manufacturer specs
	Anton Paar Analyzer
	±0.01 g/L
	Temperature-controlled repeat readings






3. The characteristics of the substrates collected from the data source
Table S3. The characteristics of the substrates collected from the data source based on  yields
	
	TS
	VS
	Carbohydrate
	Protein
	Lipid
	Lignin
	VFA
	 yield

	Minimum
	7.1
	5.7
	28.3
	2.9
	0.0
	1.3
	0.0
	51.0

	Maximal
	92.5
	87.5
	88.2
	33.1
	24.2
	26.7
	15.8
	528.0

	Units
	%FM
	% TS
	% VS
	% VS
	% VS
	% VS
	% VS
	


Note: TS: Total solids, VS：Volatile solids, S/I: Substrate to inoculum







4. 
5. Relevant parameters from the literature
Table S4.1 Elemental and physical analysis results of agricultural residues from the literature and BMP modeling result
	Parameter
	
	
	Substrates’ value

	
	RS
(Li, Ke, et al., 2016)
	RS
(Li, Tan, et al., 2016)
	CP
(Marín et al., 2007)
	SB
(Bilba et al., 2003)
	VW-Tomato
(Elkhalifa et al., 2022)
	VW- Cucumber
(Elkhalifa et al., 2022)
	VW- Carrot
(Elkhalifa et al., 2022)
	Units

	C
	39.7
	36.0
	46.4
	45.5
	49.68
	56.69
	41.54
	% TS

	H
	5.4
	6.6
	5.7
	5.6
	7.35
	6.52
	5.39
	% TS

	N
	0.9
	1.1
	1.5
	0.3
	3.72
	3.91
	1.37
	% TS

	O
(by difference)
	-
	0.4
	0.1
	-
	0
	0
	0
	% TS

	S(%TS)
	38.2
	55.8
	46.3
	45.2
	39.25
	32.88
	51.7
	% TS

	Empirical formula
	

	

	

	

	


	

	

	

	BMP
	439.0
	296.6
	350.0
	358.9
	389.1
	515.6
	322.1
	

	Note: TS: Total solids, VS：Volatile solids, RS：Rice straw, CP： Citrus peel,  SB：Sugarcane bagasse, VW: Vegetable waste



	Table S4.2 Input parameters for the predictions obtained from the literature and the results of the model calculations

	Parameter
	
	Substrates’ value

	
	RS
(Li, Ke, et al., 2016)
	RS
(Li, Tan, et al., 2016)
	CP
(Ajieh et al., 2021)
	CP
(Feumba Dibanda Romelle, 2016)
	SB
(Suryaningrum et al., 2021)
	WL
(Wang et al., 2022)
	Units

	TS
	92.5
	92.9
	59.3
	63.7
	69.3
	58.12
	%

	VS
	77.4
	81.6
	60.7
	37.2
	56.8
	43.78
	%

	Carbohydrate 
	58.53
	83.6
	71.6
	90.9
	92.4
	87.27
	% VS

	Protein
	28.7
	5.6
	5.91
	1.1
	1.57
	8.65
	% VS

	Lipid 
	5.23
	0
	14.1
	0.5
	0.9
	0.12
	% VS

	Lignin 
	7.54
	10.8
	8.2
	7.5
	5.2
	3.96
	% VS

	Volatile fatty acids 
	BD
	0
	0.2
	-
	-
	-
	% VS

	S/I 
	
	
	
	
	
	
	

	ML-GB
	178.7
	310.5
	256
	245
	375.4
	321.3
	

	ML-RF
	215.4
	241.1
	286.9
	393.2
	464.4
	443.8
	

	Note: RS：Rice straw, CP： Citrus peel,  SB：Sugarcane bagasse, WL: Water bamboo leaves, VW: Vegetable waste, S/I: Substrate to inoculum, ML-GB: Gadient Bosting model；ML-RF: Random Forest model；Protein content was determined by multiplying the difference between TKN and TAN by a factor of 6.25 (Li, Ke, et al., 2016).



6. Range of variation of elements
Table S5. Range of variation of elements from the crop residues
	Residues
	C
	H
	N
	O
	S

	RS
	35-45%(Saad et al., 2019)
	5-7%(Parikh et al., 2007)
	0.5%-1.5% (Dhillon et al., 2018)
	35%-45%(Saad et al., 2019)
	0-0.3%(Chen et al., 2019)

	CP
	40-50%(Foo & Hameed, 2012)
	5-7%(Parikh et al., 2007)
	0.8-1.2% (Alva et al., 2006)
	40-50%(M’hiri et al., 2017)
	0-0.3%(M’hiri et al., 2017)

	SB
	40-50%(Villamar et al., 2016)
	5-7%(Parikh et al., 2007)
	0.8-1.2% (Santana et al., 2020)
	40-50%(Kumar et al., 2022)
	0-0.3%(Kumar et al., 2022)

	WL
	35-45% (Wang et al., 2023)
	5-7%(Parikh et al., 2007)
	0.8-1.2% (Wang et al., 2023)
	40-50%(Wang et al., 2023)
	0-0.3%(Wang et al., 2023)

	VW
	30-50%(Zhang et al., 2020)
	4-10%(Moreno Cardenas et al., 2015)
	1.5-2.5% (Chen et al., 2019)
	20-30%(Gupta et al., 2023)
	0-0.3%(Gupta et al., 2023)


Note: RS：Rice straw, CP： Citrus peel,  SB：Sugarcane bagasse, WL: Water bamboo leaves, VW: Vegetable waste



	Model
	Most Influential Parameters
	Direction of Impact
	Notes

	BMP
	Carbon (C), Hydrogen (H), Oxygen (O)
	Positive (C, H); Negative (O)
	Higher C and H promote methane yield, high O content reduces it

	S-ADM1
	Xch (Carbohydrates)
	Positive
	Xch variations had a greater effect than Xpr or Xli

	ML-GB
	Lignin, VFA
	Negative
	Lignin and volatile fatty acids reduce biogas prediction

	ML-RF
	VFA, Lignin
	Negative
	Similar to GB, with slightly different ranking


7. Summary of sensitivity analysis results
Table S6 Summary of sensitivity analysis results of different models
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