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Figure S1 Interaction among ARUNGRO and LCA modelling.
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Table S1 Key methodological parameters relevant for this study in comparison with the literature review analyzed.
	Authors
	Year
	Geographical scope
	Marginal
land
	Miscanthus
	Giant reed
	Applied
LCA
	LCIA
method
	Energy
system

	The present study
	2026
	Italy
	X
	X
	X
	X
	Environmental
Footprint 3.1
	Methane & Ethanol

	Córdoba et al.
	2025
	Argentina
	
	
	X
	
	IPCC2023
	Methane

	Yu et al.
	2025
	Global
	X
	
	
	X
	
	Biodiesel

	Liang et al.
	2024
	China
	X
	X
	
	X
	ReCiPe2016
& IMPACT World+
	Ethanol

	López i Losada et al.
	2024
	Sweden
	
	
	
	X
	-
	Biofuel

	Scordia et al.
	2021
	Mediterranean environment
	
	X
	X
	X
	
	

	Traverso et al.
	2020
	Italy, Ukraine
	
	X
	X
	
	CML2001
	

	Clarke et al.
	2019
	Ireland
	
	X
	
	X
	ReCiPe2016
	Bioenergy

	Lask et al.
	2019
	Germany, 
Great Britain
	X
	X
	
	X
	ReCipe2016
	Ethanol

	D'imporzano et al.
	2018
	Italy
	
	
	X
	X
	IPCC2013
& CED
	Biogas

	Forte et al.
	2018
	Italy
	X
	
	X
	X
	Traci
& CML-IA
	Ethanol

	Liu et al.
	2017
	USA
	X
	X
	
	X
	EPD & ILCD
	Biofuel

	Parajuli et al.
	2017
	
	
	
	
	X
	ReCiPe2016
	Biogas

	Zucaro et al.
	2016
	Italy
	X
	
	X
	X
	
	Ethanol

	Qin et al.
	2015
	USA
	X
	X
	
	
	ReCiPe2008
	Biofuel

	Schmidt et al.
	2015
	Mediterranean environment
	X
	X
	X
	X
	
	Several conversions



Table S2 Detailed processes used for the life cycle inventory (LCI) of crops and bioenergy processes considered for the case study, their sources of the inventories, data, and units.
	Recurrence
	Phase
	Agricultural operation
	ecoinvent processes V3.10
	Data
	Unit

	Occurring only once (implantation)
	Land preparation
	Soil transformation
	Transformation, from grassland/pasture/meadow, IT
	1
	ha

	
	
	
	Transformation, to permanent crop, non-irrigated, extensive
	1
	ha

	
	
	Herbicide treatment
	Application of plant protection product, by field sprayer {RoW}| application of plant protection product, by field sprayer | Cut-off, U
	1
	ha

	
	
	
	Packaging, for fertilisers or pesticides {GLO}| packaging production for solid fertiliser or pesticide, per kilogram of packed product | Cut-off, U
	4
	kg/ha

	
	
	
	Pesticide, unspecified {RER}| pesticide production, unspecified | Cut-off, U
	4
	kg

	
	
	Tillage
	Tillage, harrowing, by offset disc harrow {RoW}| tillage, harrowing, by offset disc harrow | Cut-off, U
	1
	ha

	
	Transplanting
	Rhizomes’ planting
	(Giant reed) Miscanthus rhizome, for planting {DE}| Miscanthus rhizome production, for planting | Cut-off, U
	2.78x104
	p

	
	
	
	(Miscanthus) Miscanthus rhizome, for planting {DE}| Miscanthus rhizome production, for planting | Cut-off, U
	4.00x104
	p

	
	
	
	Planting {RoW}| planting | Cut-off, U
	1
	ha

	
	
	
	(Giant reed) Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport, freight, lorry 16-32 metric ton, EURO4 | Cut-off, U
	3.89 x104
	t*km

	
	
	
	(Miscanthus) Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport, freight, lorry 16-32 metric ton, EURO4 | Cut-off, U
	3.36x103-6.64x103
	t*km

	Occurring every year (for 20 years)
	Cultivation
	Land occupation
	Occupation, annual crop, non-irrigated, extensive
	1
	m2*year

	
	
	Water input (from rain)
	Water, unspecified, from natural origin
	1.53x103-3.8x103
	m3

	
	Harvesting
	Harvesting
	Chopping, maize{CH}| Cut-off, U
	1
	ha

	
	
	Yield
	(Giant reed)
	1.07x104-1.41 x104
	kg/ha/y

	
	
	Yield
	(Miscanthus)
	1.00x104-1.75x104
	kg/ha/y

	
	Transportation to the valorisation plants
	(Giant reed) Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport, freight, lorry 16-32 metric ton, EURO4 | Cut-off, U
	4.28x102-7.05 x102
	t*km/y

	
	
	(Miscanthus) Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport, freight, lorry 16-32 metric ton, EURO4 | Cut-off, U
	4.00x102-8.75x102
	t*km/y

	
	Transformation – Biomethane
	(Giant reed) Biomethane, high pressure {RoW}| biomethane production, high pressure from synthetic gas, giant reed, fixed bed technology | Cut-off, U
	2.79x103-3.86x103
	m3/y

	
	
	(Miscanthus) Biomethane, high pressure {RoW}| biomethane production, high pressure from synthetic gas, giant reed, fixed bed technology | Cut-off, U
	2.77x103-4.57x103
	m3/y

	
	Transformation - Bioethanol
	(Giant reed) Ethanol, without water, in 95% solution state, from fermentation {RoW}| | Cut-off, U
	2.19x103-3.03x103
	kg/y

	
	
	(Miscanthus) Ethanol, without water, in 95% solution state, from fermentation {RoW}| | Cut-off, U
	2.05x103-3.58x103
	kg/y



Table S3 Detailed LCA results per 1 Mg of dry-weight harvested biomass normalized with the EF 3.1 Global Reference 2010 for the agricultural phase of giant reed and Miscanthus for the three Italian provinces; AC= Acidification; CC= Climate change; EC= Ecotoxicity: freshwater; ER=Energy resources: non-renewable; EU-f= Eutrophication: freshwater; EU-m= Eutrophication: marine; EU-t= Eutrophication: terrestrial; HT-c= Human toxicity: carcinogenic; HT-nc= Human toxicity: non-carcinogenic; LU=Land use; PO= Photochemical oxidant formation: human health.
	IC
	Giant reed
	Miscanthus

	
	Bologna (BO)
	Catania (CT)
	Pisa (PI)
	Bologna (BO)
	Catania (CT)
	Pisa (PI)

	AC
	5.18×10⁻³
	4.27×10⁻³
	4.18×10⁻³
	4.64×10⁻³
	4.95×10⁻³
	3.23×10⁻³

	CC
	5.46×10⁻³
	4.50×10⁻³
	4.41×10⁻³
	5.09×10⁻³
	5.57×10⁻³
	3.56×10⁻³

	EC
	4.52×10⁻³
	3.73×10⁻³
	3.65×10⁻³
	4.50×10⁻³
	4.79×10⁻³
	3.14×10⁻³

	ER
	7.59×10⁻³
	6.26×10⁻³
	6.13×10⁻³
	7.12×10⁻³
	7.87×10⁻³
	4.98×10⁻³

	EU-f
	5.65×10⁻³
	4.66×10⁻³
	4.56×10⁻³
	4.99×10⁻³
	5.31×10⁻³
	3.47×10⁻³

	EU-m
	4.47×10⁻³
	3.69×10⁻³
	3.61×10⁻³
	4.52×10⁻³
	4.74×10⁻³
	3.14×10⁻³

	EU-t
	6.59×10⁻³
	5.44×10⁻³
	5.32×10⁻³
	5.72×10⁻³
	6.11×10⁻³
	3.98×10⁻³

	HT-c
	3.16×10⁻²
	2.61×10⁻²
	2.55×10⁻²
	3.13×10⁻²
	3.31×10⁻²
	2.18×10⁻²

	HT-nc
	4.35×10⁻³
	3.59×10⁻³
	3.51×10⁻³
	4.24×10⁻³
	4.53×10⁻³
	2.96×10⁻³

	IR
	2.10×10⁻⁴
	1.74×10⁻⁴
	1.70×10⁻⁴
	2.10×10⁻⁴
	2.26×10⁻⁴
	1.46×10⁻⁴

	LU
	1.73×10⁻¹
	1.44×10⁻¹
	1.40×10⁻¹
	1.66×10⁻¹
	1.71×10⁻¹
	1.15×10⁻¹

	MR
	3.74×10⁻³
	3.08×10⁻³
	3.02×10⁻³
	3.73×10⁻³
	3.96×10⁻³
	2.60×10⁻³

	OD
	1.69×10⁻⁵
	1.40×10⁻⁵
	1.37×10⁻⁵
	1.58×10⁻⁵
	1.72×10⁻⁵
	1.10×10⁻⁵

	PM
	2.72×10⁻³
	2.24×10⁻³
	2.19×10⁻³
	2.88×10⁻³
	3.30×10⁻³
	2.02×10⁻³

	PO
	9.19×10⁻³
	7.58×10⁻³
	7.42×10⁻³
	8.10×10⁻³
	8.69×10⁻³
	5.65×10⁻³

	WU
	2.83×10⁻⁴
	2.34×10⁻⁴
	2.29×10⁻⁴
	2.85×10⁻⁴
	3.05×10⁻⁴
	1.98×10⁻⁴




Table S4 Detailed LCA results per 1 GJ of energy content normalized with the EF 3.1 Global Reference 2010 for biomethane in the three Italian provinces; AC= Acidification; CC= Climate change; EC= Ecotoxicity: freshwater; ER=Energy resources: non-renewable; EU-f= Eutrophication: freshwater; EU-m= Eutrophication: marine; EU-t= Eutrophication: terrestrial; HT-c= Human toxicity: carcinogenic; HT-nc= Human toxicity: non-carcinogenic; LU=Land use; PM=particulate matter formation; PO= Photochemical oxidant formation: human health.
	IC
	Biomethane from giant reed
	Biomethane from Miscanthus

	
	Bologna
	Catania
	Pisa
	Bologna
	Catania
	Pisa

	
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.

	AC
	1.99×10⁻³
	6.24×10⁻⁴
	6.38×10⁻⁵
	1.90×10⁻³
	5.94×10⁻⁴
	6.07×10⁻⁵
	1.88×10⁻³
	5.89×10⁻⁴
	6.02×10⁻⁵
	2.00×10⁻³
	6.26×10⁻⁴
	6.40×10⁻⁵
	2.02×10⁻³
	6.33×10⁻⁴
	6.47×10⁻⁵
	1.90×10⁻³
	5.96×10⁻⁴
	6.09×10⁻⁵

	CC
	2.49×10⁻³
	5.96×10⁻⁴
	1.12×10⁻⁴
	2.44×10⁻³
	5.83×10⁻⁴
	1.09×10⁻⁴
	2.41×10⁻³
	5.77×10⁻⁴
	1.08×10⁻⁴
	2.59×10⁻³
	6.18×10⁻⁴
	1.16×10⁻⁴
	2.62×10⁻³
	6.25×10⁻⁴
	1.17×10⁻⁴
	2.49×10⁻³
	5.96×10⁻⁴
	1.12×10⁻⁴

	EC
	1.67×10⁻³
	4.15×10⁻⁴
	3.25×10⁻⁵
	1.36×10⁻³
	3.37×10⁻⁴
	2.63×10⁻⁵
	1.35×10⁻³
	3.35×10⁻⁴
	2.62×10⁻⁵
	1.44×10⁻³
	3.58×10⁻⁴
	2.80×10⁻⁵
	1.44×10⁻³
	3.58×10⁻⁴
	2.80×10⁻⁵
	1.40×10⁻³
	3.46×10⁻⁴
	2.71×10⁻⁵

	ER
	2.54×10⁻³
	5.40×10⁻⁴
	1.25×10⁻⁴
	2.58×10⁻³
	5.50×10⁻⁴
	1.27×10⁻⁴
	2.46×10⁻³
	5.25×10⁻⁴
	1.21×10⁻⁴
	2.73×10⁻³
	5.80×10⁻⁴
	1.34×10⁻⁴
	2.74×10⁻³
	5.84×10⁻⁴
	1.35×10⁻⁴
	2.55×10⁻³
	5.43×10⁻⁴
	1.26×10⁻⁴

	EU-f
	1.26×10⁻³
	3.39×10⁻⁴
	2.25×10⁻⁵
	1.20×10⁻³
	3.24×10⁻⁴
	2.15×10⁻⁵
	1.20×10⁻³
	3.24×10⁻⁴
	2.15×10⁻⁵
	1.29×10⁻³
	3.47×10⁻⁴
	2.30×10⁻⁵
	1.28×10⁻³
	3.45×10⁻⁴
	2.29×10⁻⁵
	1.27×10⁻³
	3.43×10⁻⁴
	2.27×10⁻⁵

	EU-m
	2.49×10⁻³
	7.12×10⁻⁴
	7.25×10⁻⁵
	2.38×10⁻³
	6.82×10⁻⁴
	6.94×10⁻⁵
	2.36×10⁻³
	6.78×10⁻⁴
	6.89×10⁻⁵
	2.52×10⁻³
	7.21×10⁻⁴
	7.34×10⁻⁵
	2.54×10⁻³
	7.28×10⁻⁴
	7.40×10⁻⁵
	2.38×10⁻³
	6.82×10⁻⁴
	6.94×10⁻⁵

	EU-t
	2.58×10⁻³
	8.29×10⁻⁴
	8.95×10⁻⁵
	2.48×10⁻³
	7.96×10⁻⁴
	8.59×10⁻⁵
	2.46×10⁻³
	7.91×10⁻⁴
	8.54×10⁻⁵
	2.61×10⁻³
	8.39×10⁻⁴
	9.06×10⁻⁵
	2.64×10⁻³
	8.48×10⁻⁴
	9.16×10⁻⁵
	2.46×10⁻³
	7.89×10⁻⁴
	8.52×10⁻⁵

	HT-c
	8.20×10⁻⁴
	1.27×10⁻³
	1.34×10⁻⁴
	7.06×10⁻⁴
	1.09×10⁻³
	1.15×10⁻⁴
	6.95×10⁻⁴
	1.07×10⁻³
	1.14×10⁻⁴
	8.32×10⁻⁴
	1.28×10⁻³
	1.36×10⁻⁴
	8.50×10⁻⁴
	1.31×10⁻³
	1.39×10⁻⁴
	6.36×10⁻⁴
	9.80×10⁻⁴
	1.04×10⁻⁴

	HT-nc
	5.00×10⁻³
	5.92×10⁻⁴
	6.72×10⁻⁵
	4.96×10⁻³
	5.87×10⁻⁴
	6.66×10⁻⁵
	4.93×10⁻³
	5.83×10⁻⁴
	6.62×10⁻⁵
	5.19×10⁻³
	6.14×10⁻⁴
	6.96×10⁻⁵
	5.19×10⁻³
	6.14×10⁻⁴
	6.96×10⁻⁵
	5.11×10⁻³
	6.04×10⁻⁴
	6.86×10⁻⁵

	IR
	2.63×10⁻⁵
	6.67×10⁻⁷
	5.83×10⁻⁷
	2.64×10⁻⁵
	6.69×10⁻⁷
	5.85×10⁻⁷
	2.63×10⁻⁵
	6.67×10⁻⁷
	5.83×10⁻⁷
	2.77×10⁻⁵
	7.03×10⁻⁷
	6.14×10⁻⁷
	2.76×10⁻⁵
	7.01×10⁻⁷
	6.13×10⁻⁷
	2.77×10⁻⁵
	7.03×10⁻⁷
	6.15×10⁻⁷

	LU
	3.26×10⁻⁴
	7.02×10⁻³
	1.10×10⁻⁵
	2.73×10⁻⁴
	5.89×10⁻³
	9.19×10⁻⁶
	2.66×10⁻⁴
	5.74×10⁻³
	8.97×10⁻⁶
	3.31×10⁻⁴
	7.15×10⁻³
	1.12×10⁻⁵
	3.40×10⁻⁴
	7.33×10⁻³
	1.14×10⁻⁵
	2.34×10⁻⁴
	5.05×10⁻³
	7.88×10⁻⁶

	MR
	1.16×10⁻³
	2.46×10⁻⁴
	3.00×10⁻⁵
	1.17×10⁻³
	2.48×10⁻⁴
	3.02×10⁻⁵
	1.16×10⁻³
	2.46×10⁻⁴
	3.00×10⁻⁵
	1.23×10⁻³
	2.60×10⁻⁴
	3.16×10⁻⁵
	1.23×10⁻³
	2.60×10⁻⁴
	3.16×10⁻⁵
	1.23×10⁻³
	2.60×10⁻⁴
	3.16×10⁻⁵

	OD
	4.85×10⁻⁶
	8.71×10⁻⁷
	2.26×10⁻⁷
	4.79×10⁻⁶
	8.59×10⁻⁷
	2.23×10⁻⁷
	4.76×10⁻⁶
	8.55×10⁻⁷
	2.22×10⁻⁷
	5.10×10⁻⁶
	9.15×10⁻⁷
	2.38×10⁻⁷
	5.13×10⁻⁶
	9.21×10⁻⁷
	2.39×10⁻⁷
	4.61×10⁻⁶
	8.28×10⁻⁷
	2.15×10⁻⁷

	PM
	1.23×10⁻³
	2.62×10⁻⁴
	1.03×10⁻⁴
	1.21×10⁻³
	2.57×10⁻⁴
	1.01×10⁻⁴
	1.20×10⁻³
	2.56×10⁻⁴
	1.00×10⁻⁴
	1.28×10⁻³
	2.72×10⁻⁴
	1.07×10⁻⁴
	1.29×10⁻³
	2.74×10⁻⁴
	1.07×10⁻⁴
	1.26×10⁻³
	2.67×10⁻⁴
	1.05×10⁻⁴

	PO
	2.65×10⁻³
	9.78×10⁻⁴
	1.22×10⁻⁴
	2.53×10⁻³
	9.33×10⁻⁴
	1.16×10⁻⁴
	2.52×10⁻³
	9.28×10⁻⁴
	1.16×10⁻⁴
	2.68×10⁻³
	9.88×10⁻⁴
	1.23×10⁻⁴
	2.71×10⁻³
	9.98×10⁻⁴
	1.24×10⁻⁴
	2.50×10⁻³
	9.23×10⁻⁴
	1.15×10⁻⁴

	WU
	2.18×10⁻⁴
	4.72×10⁻⁵
	4.42×10⁻⁶
	2.02×10⁻⁴
	4.37×10⁻⁵
	4.09×10⁻⁶
	2.02×10⁻⁴
	4.37×10⁻⁵
	4.09×10⁻⁶
	2.10×10⁻⁴
	4.54×10⁻⁵
	4.25×10⁻⁶
	2.10×10⁻⁴
	4.54×10⁻⁵
	4.25×10⁻⁶
	2.10×10⁻⁴
	4.54×10⁻⁵
	4.25×10⁻⁶




Table S5 Detailed LCA results per 1 GJ of energy content normalized with the EF 3.1 Global Reference 2010 for ethanol in the three Italian provinces; AC= Acidification; CC= Climate change; EC= Ecotoxicity: freshwater; ER=Energy resources: non-renewable; EU-f= Eutrophication: freshwater; EU-m= Eutrophication: marine; EU-t= Eutrophication: terrestrial; HT-c= Human toxicity: carcinogenic; HT-nc= Human toxicity: non-carcinogenic; LU=Land use; PM=particulate matter formation; PO= Photochemical oxidant formation: human health.

	IC
	Ethanol from giant reed
	Ethanol from Miscanthus

	
	Bologna
	Catania
	Pisa
	Bologna
	Catania
	Pisa

	
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.
	Biomet.
	Agric.
	Transp.

	AC
	4.29×10⁻³
	1.01×10⁻³
	1.03×10⁻⁴
	4.13×10⁻³
	9.75×10⁻⁴
	9.97×10⁻⁵
	4.12×10⁻³
	9.72×10⁻⁴
	9.93×10⁻⁵
	3.19×10⁻³
	7.53×10⁻⁴
	7.69×10⁻⁵
	3.22×10⁻³
	7.60×10⁻⁴
	7.77×10⁻⁵
	3.06×10⁻³
	7.21×10⁻⁴
	7.37×10⁻⁵

	CC
	1.83×10⁻³
	8.74×10⁻⁴
	1.64×10⁻⁴
	1.72×10⁻³
	8.20×10⁻⁴
	1.54×10⁻⁴
	1.70×10⁻³
	8.13×10⁻⁴
	1.53×10⁻⁴
	1.28×10⁻³
	6.12×10⁻⁴
	1.15×10⁻⁴
	1.31×10⁻³
	6.28×10⁻⁴
	1.18×10⁻⁴
	1.18×10⁻³
	5.64×10⁻⁴
	1.06×10⁻⁴

	EC
	8.91×10⁻⁴
	6.39×10⁻⁴
	5.00×10⁻⁵
	8.29×10⁻⁴
	5.95×10⁻⁴
	4.66×10⁻⁵
	8.23×10⁻⁴
	5.91×10⁻⁴
	4.62×10⁻⁵
	5.52×10⁻⁴
	3.97×10⁻⁴
	3.10×10⁻⁵
	5.58×10⁻⁴
	4.01×10⁻⁴
	3.14×10⁻⁵
	5.02×10⁻⁴
	3.60×10⁻⁴
	2.82×10⁻⁵

	ER
	8.10×10⁻⁴
	5.60×10⁻⁴
	1.30×10⁻⁴
	7.08×10⁻⁴
	4.89×10⁻⁴
	1.13×10⁻⁴
	7.02×10⁻⁴
	4.85×10⁻⁴
	1.12×10⁻⁴
	4.05×10⁻⁴
	2.80×10⁻⁴
	6.48×10⁻⁵
	4.21×10⁻⁴
	2.91×10⁻⁴
	6.74×10⁻⁵
	3.03×10⁻⁴
	2.09×10⁻⁴
	4.84×10⁻⁵

	EU-f
	6.94×10⁻⁴
	3.53×10⁻⁴
	2.34×10⁻⁵
	6.81×10⁻⁴
	3.46×10⁻⁴
	2.29×10⁻⁵
	6.81×10⁻⁴
	3.46×10⁻⁴
	2.29×10⁻⁵
	1.62×10⁻⁴
	8.24×10⁻⁵
	5.46×10⁻⁶
	1.62×10⁻⁴
	8.24×10⁻⁵
	5.46×10⁻⁶
	1.49×10⁻⁴
	7.58×10⁻⁵
	5.02×10⁻⁶

	EU-m
	1.19×10⁻³
	1.03×10⁻³
	1.05×10⁻⁴
	1.07×10⁻³
	9.32×10⁻⁴
	9.48×10⁻⁵
	1.06×10⁻³
	9.23×10⁻⁴
	9.39×10⁻⁵
	8.33×10⁻⁴
	7.23×10⁻⁴
	7.36×10⁻⁵
	8.59×10⁻⁴
	7.45×10⁻⁴
	7.58×10⁻⁵
	7.16×10⁻⁴
	6.21×10⁻⁴
	6.32×10⁻⁵

	EU-t
	2.30×10⁻³
	1.26×10⁻³
	1.36×10⁻⁴
	2.14×10⁻³
	1.17×10⁻³
	1.26×10⁻⁴
	2.12×10⁻³
	1.16×10⁻³
	1.25×10⁻⁴
	1.67×10⁻³
	9.12×10⁻⁴
	9.85×10⁻⁵
	1.71×10⁻³
	9.36×10⁻⁴
	1.01×10⁻⁴
	1.51×10⁻³
	8.27×10⁻⁴
	8.93×10⁻⁵

	HT-c
	1.23×10⁻³
	2.48×10⁻³
	2.63×10⁻⁴
	9.20×10⁻⁴
	1.86×10⁻³
	1.97×10⁻⁴
	9.04×10⁻³
	1.83×10⁻³
	1.94×10⁻⁴
	8.39×10⁻⁴
	1.70×10⁻³
	1.80×10⁻⁴
	8.64×10⁻⁴
	1.75×10⁻³
	1.86×10⁻⁴
	5.59×10⁻⁴
	1.13×10⁻³
	1.20×10⁻⁴

	HT-nc
	2.17×10⁻³
	7.94×10⁻⁴
	9.01×10⁻⁵
	2.07×10⁻³
	7.60×10⁻⁴
	8.63×10⁻⁵
	2.07×10⁻³
	7.57×10⁻⁴
	8.60×10⁻⁵
	1.63×10⁻³
	5.96×10⁻⁴
	6.76×10⁻⁵
	1.64×10⁻³
	6.01×10⁻⁴
	6.82×10⁻⁵
	1.54×10⁻³
	5.65×10⁻⁴
	6.41×10⁻⁵

	IR
	1.55×10⁻⁷
	2.18×10⁻⁸
	1.90×10⁻⁸
	1.36×10⁻⁷
	1.91×10⁻⁸
	1.67×10⁻⁸
	1.35×10⁻⁷
	1.89×10⁻⁸
	1.65×10⁻⁸
	1.29×10⁻⁷
	1.80×10⁻⁸
	1.58×10⁻⁸
	1.34×10⁻⁷
	1.88×10⁻⁸
	1.64×10⁻⁸
	6.68×10⁻⁸
	9.38×10⁻⁹
	8.20×10⁻⁹

	LU
	1.68×10⁻⁴
	1.09×10⁻²
	1.70×10⁻⁵
	1.39×10⁻⁴
	9.01×10⁻³
	1.41×10⁻⁵
	1.36×10⁻⁴
	8.80×10⁻³
	1.37×10⁻⁵
	1.30×10⁻⁴
	8.43×10⁻³
	1.32×10⁻⁵
	1.34×10⁻⁴
	8.68×10⁻³
	1.36×10⁻⁵
	9.08×10⁻⁵
	5.89×10⁻³
	9.19×10⁻⁶

	MR
	1.61×10⁻⁷
	9.19×10⁻⁸
	1.12×10⁻⁸
	7.73×10⁻⁸
	4.42×10⁻⁸
	5.38×10⁻⁹
	7.58×10⁻⁸
	4.33×10⁻⁸
	5.27×10⁻⁹
	7.24×10⁻⁸
	4.14×10⁻⁸
	5.04×10⁻⁹
	7.46×10⁻⁸
	4.26×10⁻⁸
	5.19×10⁻⁹
	5.04×10⁻⁸
	2.88×10⁻⁸
	3.51×10⁻⁹

	OD
	7.53×10⁻⁷
	6.15×10⁻⁷
	1.60×10⁻⁷
	6.47×10⁻⁷
	5.28×10⁻⁷
	1.37×10⁻⁷
	6.39×10⁻⁷
	5.22×10⁻⁷
	1.36×10⁻⁷
	9.20×10⁻⁷
	7.51×10⁻⁷
	1.95×10⁻⁷
	9.51×10⁻⁷
	7.76×10⁻⁷
	2.02×10⁻⁷
	6.66×10⁻⁷
	5.44×10⁻⁷
	1.41×10⁻⁷

	PM
	2.85×10⁻³
	4.47×10⁻⁴
	1.75×10⁻⁴
	2.80×10⁻³
	4.39×10⁻⁴
	1.72×10⁻⁴
	2.79×10⁻³
	4.38×10⁻⁴
	1.71×10⁻⁴
	2.07×10⁻³
	3.24×10⁻⁴
	1.27×10⁻⁴
	2.09×10⁻³
	3.27×10⁻⁴
	1.28×10⁻⁴
	2.04×10⁻³
	3.19×10⁻⁴
	1.25×10⁻⁴

	PO
	1.42×10⁻³
	1.46×10⁻³
	1.81×10⁻⁴
	1.28×10⁻³
	1.31×10⁻³
	1.64×10⁻⁴
	1.27×10⁻³
	1.30×10⁻³
	1.62×10⁻⁴
	9.94×10⁻⁴
	1.02×10⁻³
	1.27×10⁻⁴
	1.03×10⁻³
	1.05×10⁻³
	1.31×10⁻⁴
	8.46×10⁻⁴
	8.66×10⁻⁴
	1.08×10⁻⁴

	WU
	1.19×10⁻³
	8.86×10⁻⁵
	8.29×10⁻⁶
	1.19×10⁻³
	8.86×10⁻⁵
	8.29×10⁻⁶
	1.18×10⁻³
	8.79×10⁻⁵
	8.23×10⁻⁶
	9.43×10⁻⁴
	7.01×10⁻⁵
	6.56×10⁻⁶
	9.53×10⁻⁴
	7.07×10⁻⁵
	6.62×10⁻⁶
	9.43×10⁻⁴
	7.01×10⁻⁵
	6.56×10⁻⁶



Table S6 Breakdown of Italy's domestic energy production in 2023 downloaded in December 2024.from IEA, 2023 (source https://www.iea.org/countries/italy).
	Domestic energy production, Italy, 2023
	Value
	Year
	Units

	Crude oil
	2.32×10⁵
	2023
	TJ

	Hydro
	1.46×10⁵
	2023
	TJ

	Natural gas
	9.35×10⁴
	2023
	TJ

	Geothermal
	4.18×10⁵
	2023
	TJ

	Biofuels and waste
	4.95×10⁵
	2023
	TJ

	Heat
	8.70×10¹
	2023
	TJ



Table S7 Total annual average energy yield of giant reed and Miscanthus cultivated on the MLs of the three Italian provinces for the timeframe of 20 years, consistently with the techno-economic estimation of the cropping system.
	
	
	Giant reed
	Miscanthus

	Province
	Total Marginal Lands (ha)
	Total annual average yield (GJ/ha)
	Process
	Total annual average yield 
(TJ/ total ha)
	Total average yield (GJ/ha)
	Process
	Total annual average yield 
(TJ/ total ha)

	BO
	8.80×10⁴
	7.98×10¹
	Biomethane
	7.02×10³
	7.89×10¹
	Biomethane
	6.95×10³

	CT
	2.17×10⁴
	9.62×10¹
	Biomethane
	2.09×10³
	7.68×10¹
	Biomethane
	1.67×10³

	PI
	1.13×10⁵
	9.61×10¹
	Biomethane
	1.09×10⁴
	1.14×10²
	Biomethane
	1.28×10⁴

	Total
	2.23×10⁵
	2.72×10²
	Biomethane
	2.00×10⁴
	2.69×10²
	Biomethane
	2.14×10⁴

	BO
	8.80×10⁴
	5.21×10¹
	Ethanol
	4.59×10³
	6.73×10¹
	Ethanol
	5.92×10³

	CT
	2.17×10⁴
	6.29×10¹
	Ethanol
	1.36×10³
	6.55×10¹
	Ethanol
	1.42×10³

	PI
	1.13×10⁵
	6.43×10¹
	Ethanol
	7.26×10³
	9.68×10¹
	Ethanol
	1.09×10⁴

	Total
	2.23×10⁵
	1.79×10²
	Ethanol
	1.32×10⁴
	2.30×10²
	Ethanol
	1.83×10⁴
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