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S1. Thermodynamics for Electro-Anaerobic Digestion Reactions
The Gibbs free energy change (ΔG°) for each reaction is determined by the Gibbs free energy of formation (ΔGf°) as follows:
	

	(S-1)


The electrode potential (ΔE°) for each reaction is determined by Equation (S-2).
	

	(S-2)


where ΔG° is the standard gibbs free energy change (J/mol), n is the number of electron transferred, and F is the Faraday’s constant (96485 C/mol).
Table S1. Standard Gibbs free energy of formation at 298.15 K
	Species
	ΔGf° (kJ/mol)
	Reference

	CO2 (g)
	−394.389
	(1)

	H2O (l)
	−237.141
	(1)

	H2 (g)
	0
	(1)

	CH4 (g)
	−50.768
	(1)

	H+ (aq)
	0
	(1)


The half-reaction of CO2 reduction for hydrogenotrophic methanogenesis via microbial electrochemical technologies (METs) is defined by Equation (S-3).
	

	(S-3)


 ΣΔGf° (products) for Equation (S-3) can be calculated as:


ΣΔGf° (reactants) for Equation (S-3) can be calculated as:


Using Equation (S-1), ΔG° can be calculated for Equation (S-3):
ΔG°=─130.661 kJ/mol
Using Equation (S-2), E° value for Equation (S-3) is 0.169 V. 
The half-reaction of H2 oxidation for hydrogenotrophic methanogenesis via METs is defined by Equation (S-4).
	

	(S-4)






Using Equation (S-1), ΔG° can be calculated for Equation (S-4):
ΔG°=0 kJ/mol
Using Equation (S-2), E° value for Equation (S-4) is 0 V. 

The overall reaction for hydrogenotrophic methanogenesis via METs is defined by Equation (S-5). 
	

	(S-5)






Using Equation (S-1), ΔG° can be calculated for Equation (S-5):
ΔG°=─130.661 kJ/mol
ΔG° can be calculated for Equation (S-5) can also be calculated as:


Using Equation (S-2), E° value for Equation (S-4) is 0.169 V. 
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[bookmark: _Hlk183611624]Figure S1. Water-energy-material flow analysis for biomethane production from one tonne of food waste via (a) Conventional Anaerobic digestion (AD) and (b) Electro-Anaerobic digestion (EAD). (Note: VS: volatile solids). Data from (2). Credit: Freepik for upgrade, heat exchanger, mixing, and centrifuge icons; Slamlabs for biomethane icon; Smashicons for boiler icon; RaftelDesign for biogas plant icon, from www.flaticon.com for the clipart.

[bookmark: _Hlk193547006][bookmark: _Hlk193546967]Table S2. Descriptive statitics of EAD System parameters based on selected studies from Table 2
	Parameter
	Unit
	n
	Average
	Min
	25%
	50%
	75%
	Max

	Applied Voltage 
	V
	19
	0.76±0.41
	0.10
	0.40
	0.70
	1.00
	2.25

	Current Density
	A/m²
	5
	2.65±3.00
	0.03
	0.70
	0.82
	4.10
	7.60

	Methane Yield
	mL CH₄/g COD
	14
	306.6±55.1
	195.6
	280.0
	315.7
	340.0
	409.2




Table S3. Correlation matrix of EAD parameters based on selected studies from Table 2
	Variable
	Applied Voltage (V)
	Current Density (A/m²)
	Methane Yield (mL CH₄/g COD)

	Applied Voltage (V)
	1.00
	0.68
	0.20

	Current Density (A/m²)
	0.68
	1.00
	0.60

	Methane Yield (mL CH₄/g COD)
	0.20
	0.60
	1.00


 



Table S4. List of commonly used materials for electrodes
	Material
	Price (US$/m2)
	Reference

	Graphite
	33
	(3)

	Carbon Felt
	115
	(4)

	Titanium mesh
	326
	(5)

	Carbon cloth
	39
	(6)

	Graphite felt
	152
	(7)

	Carbon cloth (PT coated)
	6,500
	(8)

	Nickel foam sheet
	30,133
	(9)

	Graphite blocks
	238
	(10)

	Stainless steel
	98
	(11)

	Copper coated graphite
	1,050
	(12)

	Low carbon steel (2 mm diameter)
	1,433
	(13)
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