Table 1: Normalization sequence of responses of trials for GRA  
	Trial No. 
	Normalizing sequence

	
	Methane
	VS reduction
	pH
	TVFAs/ Alkalinity

	R1
	1.000
	1.000
	0.643
	0.000

	R2
	0.000
	0.000
	0.929
	0.625

	R3
	0.587
	0.428
	0.143
	0.251

	R4
	0.549
	0.510
	0.500
	0.066

	R5
	0.634
	0.556
	0.643
	0.401

	R6
	0.387
	0.228
	0.714
	0.607

	R7
	0.630
	0.674
	0.143
	0.631

	R8
	0.482
	0.144
	0.000
	0.827

	R9
	0.726
	0.749
	0.357
	0.354



Table 2: Deviation sequence of the output factors
	Trial No. 
	Deviation sequence

	
	Methane
	VS reduction
	pH
	TVFAs/ Alkalinity

	R1
	0.000
	0.000
	0.286
	0.827

	R2
	1.000
	1.000
	0.000
	0.202

	R3
	0.413
	0.572
	0.786
	0.577

	R4
	0.451
	0.490
	0.429
	0.761

	R5
	0.366
	0.444
	0.286
	0.426

	R6
	0.613
	0.772
	0.214
	0.220

	R7
	0.370
	0.326
	0.786
	0.196

	R8
	0.518
	0.856
	0.929
	0.000

	R9
	0.274
	0.251
	0.571
	0.473






Table 3: Grey relation coefficient of responses for GRA
	Trial No. 
	Grey relation coefficient

	
	Methane
	VS reduction
	pH
	TVFAs/ Alkalinity

	R1
	1.000
	1.000
	0.636
	0.377

	R2
	0.333
	0.333
	1.000
	0.712

	R3
	0.547
	0.467
	0.389
	0.464

	R4
	0.526
	0.505
	0.538
	0.397

	R5
	0.577
	0.530
	0.636
	0.540

	R6
	0.449
	0.393
	0.700
	0.694

	R7
	0.575
	0.605
	0.389
	0.718

	R8
	0.491
	0.369
	0.350
	1.000

	R9
	0.646
	0.665
	0.467
	0.514



Table 4: Grey relation grade and signal to noise ratio for response of trials
	Trial no. 
	Output response
	GRG
	S/N

	
	Methane
	VS reduction
	pH
	TVFAs/
Alkalinity
	
	

	R1
	118.39
	39.54
	6.90
	0.86
	0.753
	-2.46089

	R2
	226.23
	48.55
	7.50
	0.37
	0.595
	-4.51524

	R3
	162.97
	44.69
	8.60
	0.23
	0.467
	-6.61666

	R4
	167.06
	43.96
	8.10
	0.17
	0.491
	-6.17173

	R5
	157.90
	43.54
	7.90
	0.71
	0.571
	-4.87151

	R6
	184.55
	46.49
	7.80
	0.36
	0.559
	-5.05067

	R7
	158.24
	42.48
	8.60
	0.63
	0.572
	-4.85361

	R8
	174.24
	47.25
	8.80
	0.44
	0.553
	-5.15311

	R9
	147.96
	41.80
	8.30
	0.73
	0.573
	-4.83722


[bookmark: _Hlk33017415]
Table 5: ANOVA for grey relation grade of factors selected for SSAD
	Factors   
	DF
	SS
	MS
	F-Value
	P-Value
	% Contribution

	TS
	1
	0.002295
	0.011482
	1.66
	0.267
	4.46%

	F/I
	1
	0.007896
	0.002295
	5.71
	0.075
	15.35%

	KOH
	1
	0.010872
	0.007896
	7.86
	0.049
	21.13%

	PHWBC
	1
	0.024865
	0.010872
	17.98
	0.013
	48.32%

	Error
	4
	0.00553
	0.024865
	
	
	10.75%

	Total
	8
	0.051458
	
	
	
	100.00%



Table 6: Comparison of hydrolysis rate constant (k) and cumulative methane yield obtained from first order kinetics with previous study
	Feedstock
	Treatment type
	AD type
	k (d-1)
	R2
	References

	WS
	Steam explosion 
	LAD
	0.085
	0.9890
	Ferreira et al., (2013)

	RS
	Organosolv 
	SSAD
	0.088
	0.9180
	Mirmohamadsadeghi et al., (2014)

	WS
	Autoclave
	LAD
	0.055
	0.9976
	Bolado-Rodríguez et al., (2016)

	WS
	Thermal+alkali
	LAD
	0.056
	-
	Moset et al., (2018)

	
	
	
	
	
	

	PMS
	Alkali (KOH)
	SSAD
	0.052
	0.9987
	Present study


WS – Wheat straw; RS – Rice straw; PMS – Pearl millet straw




Table 7: Comparison of cumulative methane yield observed with previous studies
	Feedstock
	AD type
	Targeted process
	Methane yield
	TVFA/
Alkalinity
	 Increment
	References

	WS
	LAD
	Hydrolysis 
	 273 L/kg VS
	-
	1.20-fold
	Ferreira et al., (2013)

	RS
	SSAD
	Hydrolysis  
	153 L/kg VS
	-
	1.34-fold
	Mirmohamadsadeghi et al., (2014)

	WS
	LAD
	Hydrolysis 
	265 L/kg VS
	-
	1.32-fold
	Bolado-Rodríguez et al., (2016)

	WS
	LAD
	Hydrolysis 
	305 L/kg VS
	-
	1.33-fold
	Moset et al., (2018)

	BL 
	SSAD
	Syntropy 
	401 L/kg VS
	0.46
	1.47-fold
	Sun et al., (2019)

	Oil
	LAD
	Syntropy 
	854 L/kg VS
	-
	1.35-fold
	Lu et al., (2019)

	PMS
	SSAD
	Hydrolysis +Syntropy
	195 L/kg VS
	0.36
	1.8-fold
	Present study


WS: Wheat straw; RS: Rice straw; PMS: Pearl millet straw; BL: Beer lees





Table 8: Techno-economic assessment of SSAD plant
	Particulars 
	Untreated
	Simultaneously treated

	Capital cost ($/25year) 
	73000
	73000

	Raw material cost ($/year)
	
	

	PMS
	0
	0

	Inoculum
	0
	0

	Additives (PHWBC + KOH)
	0
	3650

	Operational cost ($/year)
	
	

	Maintenance and electricity charges
	3650
	3650

	Labour 
	2190
	2190

	Transportation 
	157.5
	157.5

	Revenue generated ($/year)
	
	

	Electricity
	10439.1
	16782.7

	Digestate 
	2205
	1715

	Techno-economic indicators 
	
	

	LCOE (US$/kWhe)
	0.128
	0.112

	NPV ($)
	1088
	25652

	IRR (%)
	7.65
	11.29

	PBT (Years)
	10.9
	8.2

	DPBT @ 5% (Years)
	16.36
	10.89

	DPBT @ 7.5% (Years)
	24.08
	13..33

	DPBT @ 10% (Years)
	Investment can never be paid back at this rate
	18.28



Table 9: Properties of feed materials for SSAD 
	Characteristics 
	Pearl millet straw
	Inoculum
	Pyrolysis Hardwood biochar

	Total solid (%)
	93.6 ± 2.7
	8.9 ± 0.3
	94.1 ± 0.3

	Volatile solid (% TS)
	92.3 ± 1.9
	65.7 ± 0.5
	95.3 ± 0.3

	pH
	/
	6.9 ± 0.3
	7.9 ± 0.3

	Carbon (%)
	41.8±2.1
	35.3±0.1
	ND

	Hydrogen (%)
	7.9±1.3
	4.1±0.9
	ND

	Nitrogen (%)
	0.9±0.3
	1.5±0.2
	ND

	C/N
	46.4±1.3
	23.5±0.1
	ND

	Hot water extractives (%)
	14.5±1.8
	/
	/

	Cellulose (%)
	38.2±2.3
	/
	/

	Hemicellulose (%)
	29.6±1.9
	/
	/

	Lignin (%)
	17.5±0.8
	/
	/

	Calorific value (Kcal/kg)
	3888.6±27
	/
	7850±48

	Electrical conductivity (dS/m)
	/
	/
	1.4±1

	Cation exchange capacity (c mol/kg)
	/
	/
	17±1

	Phosphorus (%)
	/
	/
	0.2±0.01

	Potassium (%)
	/
	/
	2.5±0.2

	Calcium (%)
	/
	/
	1.2±.1

	Magnesium (%)
	/
	/
	0.05±.003








Table 10: Parameters and their levels selected for Taguchi DoE
	S. No.
	Parameters 
	Level 1
	Level 2
	Level 3

	1
	Total solid (TS) 
	20
	22.5
	25

	2
	F/I
	4
	6
	8

	3
	KOH (w/w)
	0.5
	1.0
	1.5

	4
	PHWBC (g/L)
	10
	15
	20



Table 11: L9 orthogonal array of input control parameters 
	Trial no. 
	Input Parameter conditions

	
	Total solid (%)
	F/I
	KOH (w/w)
	PHWBC (g/L)

	R1
	20
	4
	0.5
	10

	R2
	20
	6
	1.0
	15

	R3
	20
	8
	1.5
	20

	R4
	22.5
	4
	1.0
	20

	R5
	22.5
	6
	1.5
	10

	R6
	22.5
	8
	0.5
	15

	R7
	25
	4
	1.5
	15

	R8
	25
	6
	0.5
	20

	R9
	25
	8
	1.0
	10












Table 12: Assumptions made for the techno-economic assessment of full scale SSAD plant 
	Particulars 
	Value

	Plant configuration for SSAD 
	

	· Project life
	25 years 

	· Operating days
	315 days 

	· Dimension of AD rectora
	10 m x 6 m x 5m

	· Total and working volume of AD reactora
	300 and 240 m3 

	· Temperatureb 
	Thermophilic (52oC)

	· Digestion timeb 
	45 days per run 

	· Total run
	7800 hours 

	· Operation and maintenance 
	960 hours

	Quantity of materials per batch run
	

	· PMS 
	28 tonnes 

	· Inoculum 
	40 tonnes 

	· Water 
	60 tonnes 

	· KOH 
	150 kg

	· PHWBC
	434 kg 

	Machinery and digester as capital cost and  
	

	· Grinderc 
	US$ 3000

	· Solid liquid separatorc 
	US$ 5000

	· SSAD digester with insulationd
	US$ 19000

	· CHP unit (80 kW, genset, heat recovery unit)e
	US$ 40000

	· Mixerf 
	US$ 3500

	· Pump and accessoriesc 
	US$ 2500

	Utilities and Other cost
	

	· Cost of PMSg
	$ 0/tonne 

	· Inoculumh 
	$ 0/tonne 

	· Additives (PHWBC + KOH)
	5% of capital cost/year

	· Dieseli
	0.06 L/ton/km

	· Diesel for transportationj 
	$ 1/litre  

	· O & M 
	5% of capital cost/year

	· Labour 
	3% of capital cost/year

	Revenue generation (US$)
	

	· Electricityk
	0.13 and 0.147/kWhe 

	· Solid digestate as soil conditionerl 
	35/tonne 


aMetcalf and eddy (2003); bParitosh et al., (2020); cWu et al., (2016); dAkbulut, (2012); eIndian market price @US$ 500/kW; fMarket price; gBiowaste; hPlant is located near LAD plant; iLiang et al. (2011); jYadav et al., (2019); kCalculated based on LCOE; lPrevaling market price in India
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