What physicochemical properties of biochar facilitate interspecies electron transfer in anaerobic digestion: a case study of digestion of whiskey by-products
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The supporting information contains 2 tables as referred to in the main manuscript:
Table S1 Calculation of mass and energy balance for anaerobic digestion (AD) of draff.
Table S2 Calculation of mass and energy balance for pyrolysis of draff using data adapted from literature [1].
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Table S1 Calculation of mass and energy balance for anaerobic digestion (AD) of draff.
	Parameters
	Acronyms
	Units
	Values
	Equations
	References

	Mass flow of draff (wwt)
	m draff
	kg
	1.000
	
	

	VS in draff
	VS draff
	kg
	0.307
	The VS content in draff is measured as 30.7%.
	This study

	TS in draff
	TS draff
	kg
	0.317
	The TS content in draff is measured as 31.7%.
	This study

	CH4 production (accounting for 78% of the biogas)
	Y CH4
	L
	92.806
	Y CH4 = VS draff × 302.3 L/kg VS
	This study

	Mass flow of CH4
	m CH4
	kg
	0.066
	m CH4 = YCH4 × 0.716 kg/m3 ÷ 1000
	

	CO2 production (accounting for 22% of the biogas)
	Y CO2
	L
	61.871
	YCO2 = YCH4 ÷ 60% × 40% 
	

	Mass flow of CO2
	m CO2
	kg
	0.123
	m CO2 = Y CO2 × 1.980 kg/m3 ÷ 1000
	

	Mass flow of digestate
	m digestate
	kg
	0.811
	m digestate = m draff – m CH4 – m CO2
	

	Energy value of CH4
	Q CH4
	MJ
	3.69
	Q CH4 = Y CH4 ÷ 1000 × 39.8 MJ/m3, in which 39.8 MJ/m3 is the HHV of CH4 at standard conditions of 273 K and 1 bar.
	

	Electricity consumption for biogas production
	E IN AD
	MJ
	0.06
	E IN AD = Y CH4 ÷ 1000 × (0.18 kWh/m3 × 3.6) 
	[2]

	Heat consumption for biogas production
	H IN AD
	MJ
	0.05
	H IN AD = Y CH4 ÷ 1000 × (0.14 kWh/m3 × 3.6) 
	[2]

	Electricity consumption for digestate segregation
	E IN digestate segregation
	MJ
	0.01
	E IN digestate segregation = m digestate ÷ 1000 × (3.5 kWh/t × 3.6) 
	[3]

	Total primary energy consumption in the AD system
	Q IN P AD
	MJ
	0.22
	Q IN P AD = (E IN AD + E IN digestate segregation) × 2.3 + H IN AD × 1.1, in which 2.3 and 1.1 are primary energy conversion factors for electricity and heat, respectively.
	[4]

	Energy output of the system
	Q OUT AD
	MJ
	3.69
	Q OUT AD = Q CH4 
	

	Net energy gain
	Q NG AD
	MJ
	3.47
	Q NG AD = Q OUT AD – Q IN P AD
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Table S2 Calculation of mass and energy balance for pyrolysis of draff using data adapted from literature [1].
	Parameters
	Acronyms
	Units
	Values
	Equations

	Mass flow of draff (wet)
	m draff
	kg
	1.450
	

	TS in draff
	TS draff
	kg
	0.460
	TS draff  = m draff × 31.7%

	Biochar production
	m char
	kg
	0.078
	m char = TS draff × 17%

	Bio-oil production
	m oil
	kg
	0.244
	m oil = TS draff × 53%

	Syngas production
	m syngas
	kg
	0.138
	m syngas = TS draff × 30%

	Energy value of biochar
	Q char
	MJ
	1.95
	Q char = m char × 25.0 MJ/kg, in which 25.0 MJ/kg is the HHV of biochar. 

	Energy value of bio-oil
	Q oil
	MJ
	4.72
	Q oil = m oil × (1-15%) × 22.8 MJ/kg, in which 15% is the moisture content in bio-oil and 22.8 MJ/kg is the HHV of moisture free bio-oil.

	Energy value of syngas
	Q syngas
	MJ
	0.19
	Q syngas = m syngas × 1.4 MJ/kg, in which 1.4 MJ/kg is the HHV of syngas.

	Energy consumption for grinding
	E IN grinding
	MJ
	0.10
	E IN grinding = m draff × 0.07 MJ/kg

	Energy consumption for drying
	E IN drying
	MJ
	2.77
	E IN FR drying = (m draff – TS draff) × 2.8 MJ/kg H2O

	Energy consumption for pyrolysis
	E IN PY
	MJ
	0.61
	E IN PY = m oil × 2.5 MJ/kg bio-oil

	Energy to produce the ice required for bio-oil condensation
	E IN ice
	MJ
	0.52
	E IN ice = m draff × 0.36 MJ/kg

	Total energy consumption of the pyrolysis process
	Q IN PY
	MJ
	4.00
	Q IN PY = E IN grinding + E IN drying + E IN PY + E IN ice

	Energy output of the pyrolysis system
	Q OUT PY
	MJ
	4.91
	Q OUT PY = Q oil + Q syngas 

	Net energy gain
	Q NG PY
	MJ
	0.91
	Q NG PY = Q OUT PY – Q IN P PY


Note: The data is adapted from the pyrolysis of wheat and barley spent grain operated at 520 °C.
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