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S1.1. Sensitivity analysis results (kg CO2eq MJ-1) for multiple scenarios to produce ethanol from willow hot water extracted. The values shown are the life cycle GHG emissions when the variable parameters are changed to their minimum (min) or maximum (max) values from their baseline values.
	Variable parameters*
	CBS1
	CBW2
	CNS3
	CNW4
	GBS5
	GBW6
	GNS7
	GNW8

	
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max
	Min
	Baseline
	Max

	Ash content
	-0.014
	-0.014
	-0.014
	-0.012
	-0.012
	-0.012
	0.076
	0.076
	0.076
	0.078
	0.078
	0.078
	0.046
	0.046
	0.046
	0.039
	0.039
	0.040
	0.123
	0.123
	0.123
	0.118
	0.118
	0.118

	Biomass yield
	-0.016
	-0.014
	-0.013
	-0.014
	-0.012
	-0.011
	0.075
	0.076
	0.077
	0.077
	0.078
	0.079
	0.062
	0.046
	0.035
	0.053
	0.039
	0.030
	0.136
	0.123
	0.115
	0.129
	0.118
	0.111

	Ethanol distribution distance
	-0.014
	-0.014
	-0.014
	-0.012
	-0.012
	-0.012
	0.076
	0.076
	0.076
	0.078
	0.078
	0.078
	0.046
	0.046
	0.046
	0.039
	0.039
	0.040
	0.123
	0.123
	0.124
	0.118
	0.118
	0.119

	Ethanol yield
	-0.015
	-0.014
	-0.011
	-0.013
	-0.012
	-0.010
	0.080
	0.076
	0.067
	0.082
	0.078
	0.069
	0.050
	0.046
	0.037
	0.043
	0.039
	0.032
	0.131
	0.123
	0.105
	0.126
	0.118
	0.101

	HWE Mass removal
	-0.014
	-0.014
	-0.015
	-0.012
	-0.012
	-0.012
	0.082
	0.076
	0.069
	0.084
	0.078
	0.070
	0.046
	0.046
	0.046
	0.039
	0.039
	0.040
	0.130
	0.123
	0.116
	0.125
	0.118
	0.111

	Leaf nitrogen content
	-0.015
	-0.014
	-0.013
	-0.012
	-0.012
	-0.011
	0.076
	0.076
	0.077
	0.078
	0.078
	0.079
	0.045
	0.046
	0.047
	0.039
	0.039
	0.040
	0.123
	0.123
	0.124
	0.118
	0.118
	0.119

	Moisture content
	-0.015
	-0.014
	-0.014
	-0.012
	-0.012
	-0.011
	0.076
	0.076
	0.077
	0.078
	0.078
	0.079
	0.042
	0.046
	0.051
	0.036
	0.039
	0.044
	0.120
	0.123
	0.127
	0.116
	0.118
	0.122

	Root to shoot ratio
	-0.009
	-0.014
	-0.017
	-0.007
	-0.012
	-0.014
	0.080
	0.076
	0.074
	0.082
	0.078
	0.076
	0.051
	0.046
	0.043
	0.044
	0.039
	0.037
	0.128
	0.123
	0.121
	0.122
	0.118
	0.116

	SOC change
	-0.009
	-0.014
	-0.017
	-0.008
	-0.012
	-0.014
	0.080
	0.076
	0.074
	0.081
	0.078
	0.077
	0.053
	0.046
	0.041
	0.046
	0.039
	0.035
	0.129
	0.123
	0.119
	0.123
	0.118
	0.115

	Storage duration
	-0.010
	-0.014
	-0.022
	-0.011
	-0.012
	-0.014
	0.080
	0.076
	0.070
	0.079
	0.078
	0.077
	0.039
	0.046
	0.059
	0.038
	0.039
	0.042
	0.118
	0.123
	0.134
	0.117
	0.118
	0.120

	Percent suitable land
	-0.011
	-0.014
	-0.015
	-0.009
	-0.012
	-0.013
	0.079
	0.076
	0.076
	0.080
	0.078
	0.078
	0.110
	0.046
	0.024
	0.094
	0.039
	0.020
	0.174
	0.123
	0.106
	0.161
	0.118
	0.103

	Urea 
	-0.015
	-0.014
	-0.014
	-0.012
	-0.012
	-0.011
	0.076
	0.076
	0.077
	0.078
	0.078
	0.079
	0.045
	0.046
	0.047
	0.039
	0.039
	0.040
	0.123
	0.123
	0.124
	0.118
	0.118
	0.119


* The ranges of the variable input parameters are reported in Table 3. The definition of each scenario is included in Table 1.


S1.2. Estimation of the potential net GHG sequestration and number of car equivalent emissions if producing ethanol fuel from willow biomass grown on cropland (CBS1) considering the uncertainties of the net GHG emissions.
	High yield scenario (BTSa) applied to CBS1 Scenario (New York, 2030)

	
	P=0.05b less than
 -0.019 kg CO2eq MJ-1
	Median Value (P=0.50) 
	P=0.95 less than
 -0.008 kg CO2eq MJ-1

	Total land area a
	acres
	1.11E+05
	1.11E+05
	1.11E+05

	Biomass Production a
	Mg yr -1
	2.42E+06
	2.42E+06
	2.42E+06

	Net GHG Sequestration
	Gg yr -1
	4.19E+01
	6.63E+01
	-2.79E+01

	Net GHG saving (incl. gasoline displacement)
	Gg yr -1
	3.60E+02
	3.84E+02
	3.46E+02

	Number of cars equivalent
	cars
	1.03E+05
	9.63E+04
	9.26E+04

	Baseline Scenario (BTS) applied to CBS1 Scenario (New York, 2030)


	
	P=0.05 less than -0.019 kg CO2/MJ
	Median (P=0.50)
	P=0.95 less than 0.008

	Total land area a
	acres
	1.53E+05
	1.53E+05
	1.53E+05

	Biomass Production a
	Mg yr -1
	3.14E+06
	3.14E+06
	3.14E+06

	Net GHG Sequestration
	Gg yr -1
	5.43E+01
	8.60E+01
	3.62E+01

	Net GHG saving (gasoline displacement)
	Gg yr -1
	4.66E+02
	4.98E+02
	4.48E+02

	Number of cars equivalent
	cars
	1.33E+05
	1.25E+05
	1.20E+05


a BTS: Billion-ton Study. Total area of land that can be used to produce willow biomass in NY State in 2030 at $80 per ton and estimated production capacity numbers are sourced from the billion-ton study1. The fuel efficiency of a passenger car is 16 km/l and an average person drives about 19,200 km per year2.
b GHG emissions of ethanol from the uncertainty analysis. There is a 5% probability that the emissions are less than -0.019 kg CO2eq MJ-1 and 95% probability that is less than -0.008 kg CO2eq MJ-1.
1.  Langholtz, M. H., Stokes, B. J. & Eaton, L. M. 2016 Billion-Ton Report: Advancing Domestic Resources for a Thriving Bioeconomy. http://www.osti.gov/servlets/purl/1271651/ (2016) doi:10.2172/1271651.
2.  Bureau of Transportation Statistics (https://www.bts.gov/content/average-fuel-efficiency-us-passenger-cars-and-light-trucks)

[bookmark: _Toc16768175]S2.1: List of life cycle inventories used from databases and peer reviewed literature.
	Inventory
	Source

	Bale loading
	Ecoinvent 3

	Calcium hydroxide
	Ecoinvent 3

	Diesel
	USLCI

	Gasoline
	GREET 2018 model

	Disking
	Ecoinvent 3

	Electricity NY UP
	USLCI

	Ethanol combustion
	GREET model

	Ethanol fermentation plant construction
	Ecoinvent 3

	Field sprayer
	Ecoinvent 3

	Herbicide
	Ecoinvent 3

	Landfill of ash from paper mill
	Ecoinvent 3

	Lime application
	Ecoinvent 3

	Lubricant oil
	Ecoinvent 3

	Membrane module
	Tangsubkul et al. 2006

	Mow rake 
	Ecoinvent 3

	Natural gas combusted in industrial equipment
	USLCI

	Planting
	Ecoinvent 3

	Plowing
	Ecoinvent 3

	Roller crimper
	Ecoinvent 3

	Sodium hydroxide
	Ecoinvent 3

	Sulfuric acid
	Ecoinvent 3

	Tractor
	Ecoinvent 3

	Transportation truck
	USLCI

	Urea
	Ecoinvent 3

	Wagon/loader
	Ecoinvent 3

	Wastewater treatment
	Ecoinvent 3

	Water
	Ecoinvent 3

	Willow cuttings
	Caputo et al. 2014

	Yeast production
	Ecoinvent 3




[bookmark: _Toc16768176]S2.2: Linear equation linking the cumulative area of suitable parcels for willow production and weighed distance by the yield and area of each parcel for cropland type in central and northern New York. The area and transportation distance of each parcel to the end user were determined from a spatial analysis using GIS tools (from Yang, 2017).


[bookmark: _Toc16768177]S2.3: Linear equation linking the cumulative area of suitable parcels for willow production and weighed distance by the yield and area of each parcel for grassland type in central and northern New York. The area and transportation distance of each parcel to the end user were determined from a spatial analysis using GIS tools (from Yang, 2017).


Yang, S. Understanding Land Use and Land Cover Change: National Forest Dynamics and Regional Willow Crop Environmental Impacts Based on Spatial Modeling and Spatial Life Cycle Assessment. (SUNY College of Environmental Science and Forestry, 2017).
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Weighed Distance (km)

Grassland
y = 0.0063x + 17.578
R² = 0.97
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Weighed distance (km)

