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Table S1  Feed phase input data (resource use and emissions) from USMARC and IFSM simulations used in the U.S. beef life cycle impact assessment and sources of their life-cycle inventories (LCI)
	 Source
	Material / Resource
	unit/CB
	 Amount 
	LCI source[footnoteRef:1] [1: BASF data sources are internal and proprietary, Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)] 


	Corn silage
	Urea fertilizer (CH4N2O)
	kg
	6.33 x 10-2
	BASF (2005)

	
	Glyphosate
	kg
	1.76 x 10-4
	BASF (1997)

	
	Dimethylamine salt of dicamba
	kg
	5.73 x 10-6
	BASF (1999)

	
	Dimethenamide pesticide 
	kg
	3.65 x 10-5
	Ecoinvent 2.2

	
	Atrazine
	kg
	3.20 x 10-4
	Ecoinvent 2.2

	
	S-metolachlor
	kg
	1.72 x 10-5
	BASF (1997)

	
	Acetochlor
	kg
	1.61 x 10-4
	BASF (2011)

	
	Pyraclostrobin
	kg
	2.99 x 10-6
	BASF (2006)

	
	Well water
	liters
	6.42 x 102
	BASF (2010)

	
	Electricity, irrigation
	MJ
	1.45 x 10-1
	BASF (2011)

	
	Natural Gas, irrigation wells
	MJ
	1.53
	BASF (1999)

	
	Diesel, irrigation surface water, off road and road
	MJ
	4.30 x 10-1
	BASF (1999)

	
	Gasoline, all uses
	MJ
	2.78 x 10-1
	BASF (1999)

	
	Lubricant, all uses (road and ag)
	MJ
	3.39 x 10-2
	BASF (1999)

	
	Land Use[footnoteRef:2] [2: Actual values determined or used, not information from life cycle inventory database] 

	m²
	1.83
	

	
	Renewables bio-based
	MJ
	6.93 x 10
	

	Corn Grain (MARC)
	Urea fertilizer (CH4N2O)
	kg
	8.81 x 10-2
	BASF (2005)

	
	Glyphosate
	kg
	3.14 x 10-4
	BASF (1997)

	
	Dimethylamine salt of dicamba
	kg
	2.25 x 10-5
	BASF (1999)

	
	Dimethenamid
	kg
	1.54 x 10-4
	Ecoinvent 2.2

	
	Atrazine
	kg
	5.73 x 10-4
	Ecoinvent 2.2

	
	S-metalochlor
	kg
	3.07 x 10-5
	BASF (1997)

	
	Acetochlor
	kg
	2.88 x 10-4
	BASF (2011)

	
	Pyraclostrobin
	kg
	5.36 x 10-6
	BASF (2006)

	
	Well water
	liters
	1.15 x 103
	BASF (2010)

	
	Electricity, irrigation
	MJ
	2.60 x 10-1
	BASF (2011)

	
	Natural Gas, irrigation wells
	MJ
	2.74
	BASF (1999)

	
	Diesel, irrigation surface water, off road and road
	MJ
	8.81 x 10-1
	BASF (1999)

	
	Gasoline, all 
	MJ
	4.98 x 10-1
	BASF (1999)

	
	Lubricant, all uses (road and ag)
	MJ
	6.06 x 10-2
	BASF (1999)

	
	Land Use
	m²
	3.27
	

	
	Renewables bio-based
	MJ
	5.07 x 10
	

	Distillers Grain
	WDGS
	kg
	2.47
	See footnote[footnoteRef:3] [3: Modified bioethanol eco-profile with economic allocation] 


	
	Transport WDGS
	ton.km
	7.95 x 10-2
	US LCI (2011)[footnoteRef:4] [4: Profile based on 2011 U.S. Energy Information Administration electricity grid profile data
] 


	Alfalfa
	SSP (20% P2O5)     
	kg SSP
	5.39 x 10-2
	BASF (1997)

	
	Ammonium salt of imazethaphyr
	kg
	3.59 x 10-6
	BASF (1996)

	
	Diesel, irrigation surface water, off road and road
	MJ
	8.48 x 10-1
	BASF (1999)

	
	Gasoline, all 
	MJ
	5.63 x 10-1
	BASF (1999)

	
	Lubricant, all uses (road and ag)
	MJ
	6.85 x 10-2
	BASF (1999)

	
	Land Use
	m²
	3.69
	

	
	Renewables bio-based   
	MJ
	5.49 x 10
	

	Pasture (grass)
	Urea fertilizer (CH4N2O)
	kg
	1.87 x 10-1
	BASF (2005)

	
	Glyphosate
	kg
	2.97 x 10-5
	BASF (1997)

	
	Paraquat Dichloride
	kg
	8.74 x 10-5
	Ecoinvent 2.2


Table S1 contd.  Feed phase input data (resource use and emissions) from USMARC and IFSM simulations used in U.S. beef life cycle impact assessment and the sources of their respective life-cycle inventories (LCI)
	Category
	Substance / Resource
	Unit/CB
	Amount
	LCI[footnoteRef:5] [5: BASF data sources are internal and proprietary and Ecoinvent 2.2 life cycle inventory database (Frischknecht et al., 2005)] 


	
	Clopyralid
	kg
	3.79 x 10-6
	Ecoinvent 2.2

	Pasture (grass)
	2,4-D
	kg
	1.16 x 10-4
	Ecoinvent 2.2

	
	Dimethylamine salt of 2,4-D-Dichlorophenoxyacetic acid
	kg
	1.90 x 10-4
	
Ecoinvent 2.2

	
	Picloram
	kg
	2.59 x 10-5
	Ecoinvent 2.2

	
	Carbaryl
	kg/UB
	3.00 x 10-5
	BASF, 2002

	Utilities
	Water Well
	L
	1.46 x 103
	BASF, 2010

	
	Electricity, irrigation
	MJ
	3.31 x 10-1
	BASF, 2011

	
	Natural Gas, irrigation wells
	MJ
	3.49
	BASF, 1999

	
	Diesel, irrigation surface water, off road and road
	MJ
	5.47 x 10-2
	BASF, 1999

	
	Gasoline, all 
	MJ
	1.90 x 10-2
	BASF, 1999

	
	Lubricant, all uses (road and agriculture)
	MJ
	2.31 x 10-3
	BASF, 1999

	
	Land Use†
	m²
	4.28 x 10
	

	
	Renewables bio-based
	MJ
	2.27 x 102
	

	Emissions† 
	N-fertilizer direct N2O
	kg
	2.76 x 10-3
	

	
	N-fertilizer, indirect N2O
	kg
	9.51 x 10-4
	

	
	N-fertilizer, NH3-emission
	kg
	2.28 x 10-2
	

	
	N-fertilizer, NOx-emission
	kg
	4.21 x 10-3
	

	
	N-fertilizer (urea), direct CO2
	kg
	2.48 x 10-1
	

	
	N-fertilizer, water emission
	kg
	7.60 x 10-3
	

	
	P-fertilizer, water emissions
	kg
	1.04 x 10-3
	

	
	Heavy Metal: Cd
	kg
	1.57 x 10-7
	

	
	Heavy Metal: Zn
	kg
	1.12 X 10-4
	

	
	Heavy Meta: Pb
	kg
	6.71 x 10-8
	

	
	Heavy Metal: Ni
	kg
	1.36 x 10-5
	

	
	Heavy Metal: Hg
	kg
	7.75 x 10-8
	

	
	COD pesticides
	kg
	3.65 x 10-3
	

	
	VOC - silage/hay
	kg
	6.11 x 10-2
	



Table S2  Cattle phase input data (resource use and emissions) from USMARC and IFSM simulations in the U.S. beef life cycle impact assessment and the sources of their respective life-cycle inventories (LCI)
	
	
	
	Amount
	

	Category
	Substance / Resource
	Unit/CB
	Cow-Calf
	Finish
	LCI source[footnoteRef:6] [6: BASF data sources are internal and proprietary and Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)] 


	Supplementary Feed
	Corn
	kg
	
	4.56 x 10-3
	

	
	Copper Chloride
	kg
	
	6.15 x 10-5
	BASF (1998)

	
	Dicalcium phosphate
	kg
	1.01 x 10-2
	
	BASF (2003)

	
	Iodine
	kg
	5.71 x 10-4
	
	BASF (2006)

	
	Limestone (Calcium Carbonate)
	kg
	1.69 x 10-3
	3.02  x 10-2
	BASF (1997)

	
	Magnesium oxide
	kg
	4.84 x 10-3
	1.04 x 10-3
	Boustead (1996)

	
	Molasses
	kg
	9.10 x 10-4
	2.08 x 10-4
	BASF (2000)

	
	Potassium fertilizer
	kg
	1.64 x 10-3
	
	BASF (1997)

	
	Sodium chloride
	kg
	1.14 x 10-2
	8.33 x 10-3
	Boustead (1996)

	
	Sodium Selenite
	kg
	
	5.95  x 10-7
	BASF (2003)

	
	Thiamine Mononitrate
	kg
	
	1.98  x 10-7
	BASF (2003)

	
	Urea
	kg
	
	1.30 x 10-2
	BASF (2005)

	
	Zinc Sulfate
	kg
	4.56 x 10-4
	3.11 x 10-4
	BASF (2003)

	Utilities
	Livestock waterers
	liters
	1.86 x 10
	1.81 x 10
	IFSM

	
	Electricity, pole sheds
	kwh
	1.99 x 10-1
	1.15 x 10-1
	BASF (2011)

	
	Diesel, road 
	MJ
	2.11
	1.08
	BASF (1999)

	
	Gasoline, all 
	MJ
	1.30
	6.64  x 10-1
	BASF (1999)

	
	Land Use Feedlot
	m²
	
	3.45  x 10-1
	IFSM

	
	Lubricant
	MJ
	8.93 x 10-3
	4.46 x 10-3
	BASF (1999)

	Transport
	Cows / Calves
	ton km
	5.62 x 10-3
	5.62 x 10-3
	US LCI (2011)[footnoteRef:7] [7: Profile based on 2011 U.S. Energy Information Administration electricity grid profile data] 


	Air Emission[footnoteRef:8] [8: Actual values used, not information from life cycle inventory database] 

	CH4
	kg
	3.57 x 10-1
	6.94  x 10-2
	IFSM

	
	N2O
	kg
	1.34 x 10-2
	3.51 x 10-3
	IFSM

	
	NH3
	kg
	8.48 x 10-2
	5.0  x 10-2
	IFSM





Table S3  Packing and case-ready phases input data (resource use and emissions) used in the U.S. beef life cycle impact assessment and the sources of their respective life-cycle inventories (LCI). Allocation factor of case-ready (i.e. % packaged at case ready) = 0.63
	
	
	
	Amount
	

	Category
	Substance / Resource
	Unit/CB
	Harvesting
	Case Ready
	LCI source[footnoteRef:9] [9: BASF data sources are internal and proprietary and Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)] 


	Chemicals
	Acetic Acid
	kg
	2.69 x 10-5
	
	Boustead (1996)

	
	Acid Phosphoric
	kg
	4.64 x 10-5
	
	Boustead (1996)

	
	Alcohols C12-16 Ethoxylated
	kg
	
	6.24 x 10-4
	BASF (2008)

	
	Anhydrous Ammonia 
	kg
	1.23 x 10-5
	
	Boustead (1996)

	
	Antifoam
	kg
	8.06 x 10-5
	4.05 x 10-1
	BASF (2002)

	
	Carbon Dioxide
	kg
	4.22 x 10-3
	
	BASF (1996)

	
	Chlorine
	kg
	4.47 x 10-5
	
	Boustead (1990)

	
	Citric Acid
	kg
	6.33 x 10-5
	
	BASF (1998)

	
	Detergent
	kg
	2.15 x 10-5
	
	BASF (1996)

	
	Dimethyl-dodecylamine-n-oxide
	kg
	
	2.85 x 10-3
	BASF (2005)

	
	Hydrogen Peroxide
	kg
	1.12 x 10-5
	
	Boustead (1996)

	
	Hypochlorite Calcium
	kg
	5.18 x 10-6
	
	BASF (2013)

	
	Lactic Acid
	kg
	2.14 x 10-3
	
	BASF (2003)

	
	Nitric Acid
	kg
	2.30 x 10-4
	2.13 x 10-1
	Boustead (1996)

	
	Paraffin
	
	
	3.70 x 10-4
	Ecoinvent 2.2

	
	Phosphoric Acid
	
	
	1.14 x 10-4
	Boustead (1996)

	
	Potassium Metasilicate
	
	
	1.47 x 10-5
	Boustead (1996)

	
	Propylene Glycol n-butyl ether
	
	
	
	BASF (2010)

	
	Quaternary ammonium
	
	
	2.29 x 10-4
	Boustead (1996)

	
	Sodium Chloride
	kg
	8.61 x 10-3
	
	Boustead (2000)

	
	Silica
	kg
	4.39 x 10-3
	9.27 x 10-2
	Boustead (2000)

	
	Sodium Bicarbonate      
	kg
	2.16 x 10-6
	
	BASF (1999)

	
	Sodium Chlorite
	kg
	2.48 x 10-5
	
	Boustead (1996)

	
	Sodium Hydroxide 
	kg
	1.73 x 10-3
	0
	BASF (2003)

	
	Sodium Hypochlorite 
	kg
	2.72 x 10-4
	5.99 x 10-5
	BASF (2002)

	
	Sodium Xylene Sulfonate
	
	
	2.05 x 10-4
	BASF (2008)

	
	Sulfamic Acid
	kg
	4.20 x 10-7
	
	Boustead (1996)

	
	Triazine pesticide       
	kg
	2.43 x 10-5
	
	Ecoinvent 2.2

	Packaging
	Aluminum Alloy
	kg
	2.04 x 10-5
	
	BASF (1996)

	
	Cardboard, recycled
	kg
	3.05 x 10-3
	1.78 x 10-2
	Ecoinvent 2.2

	
	Cardboard, virgin
	kg
	1.84 x 10-2
	3.02 x 10-2
	Ecoinvent 2.2

	
	HDPE
	kg
	4.47 x 10-5
	
	BASF (2007)

	
	Label, paper
	kg
	4.27 x 10-5
	1.17 x 10-4
	Ecoinvent 2.2

	
	Latex
	
	
	2.79 x 10-5
	Ecoinvent 2.2

	
	LDPE
	kg
	1.30 x 10-2
	6.94 x 10-3
	BASF (2005)

	
	Polypropylene
	kg
	8.07 x 10-5
	4.16 x 10-3
	BASF (1996)

	
	Wood pallets
	kg
	1.41 x 10-3
	7.98 x 10-4
	Ecoinvent 2.2

	Consumables
	Cotton
	kg
	1.94 x 10-5
	3.65 x 10-4
	BASF (2003)

	
	HDPE
	kg
	7.18 x 10-7
	
	BASF (2007)

	
	Iron
	kg
	6.67 x 10-7
	
	BASF (1999)

	
	Nylon
	kg
	4.48 x 10-7
	3.58 x 10-5
	BASF (2002)

	
	PVC
	kg
	3.97 x 10-6
	
	BASF (1996)

	
	Steel
	kg
	8.34 x 10-6
	9.46 x 10-6
	BASF (2010)

	
	Uniform Laundering
	l
	2.01 x 10-1
	1.29 x 10-1
	BASF (2005)




Table S3 contd.  Packing and case-ready phases input data for the U.S. beef life cycle impact assessment and life-cycle inventory (LCI) sources. Allocation factor of case-ready (i.e. % packaged at case ready) = 0.63


	 
	
	 
	Amount
	LCI source[footnoteRef:10] [10: BASF data sources are internal and proprietary and Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)] 


	Category
	Substance / Resource
	Unit/CB
	Harvesting
	Case Ready 
	

	Utilities
	Biogas (on site generation & use)
	MJ
	6.14 x 10-3
	 
	Ecoinvent 2.2

	
	Diesel
	MJ
	2.51 x 10-2
	1.79 x 10-3
	BASF (1999)

	
	Electricity (Purchased)
	MJ
	4.46  x 10-1
	2.55 x 10-1
	BASF (2011)

	
	Gasoline
	MJ
	1.01 x 10-3
	7.18 x 10-5
	BASF (1999)

	
	Land footprint of building
	m²
	1.70 x 10-3
	3.77 x 10-5
	

	
	Land footprint of landscaped area surrounding building
	m²
	9.66 x 10-5
	1.29 x 10-4
	

	
	LPG Butane Propane (liquid)
	MJ
	5.51 x 10-3
	3.93 x 10-4
	Boustead (1996)

	
	Lubricant Oil
	MJ
	3.27 x 10-3
	2.33 x 10-4
	BASF (1999)

	
	Natural Gas
	MJ
	9.97 x 10-1
	5.84 x 10-2
	BASF (1999)

	
	Municipal water
	l
	5.02
	0
	BASF (2010)

	
	Refrigerant Gas
	 
	 
	9.26 x 10-6
	Ecoinvent 2.2

	
	Road
	m²
	1.48 x 10-4
	1.44 x 10-4
	

	
	Water Well
	l
	2.66
	1.34 x 10-1
	BASF (2010)

	Transport
	Cardboard
	ton.km
	1.47 x 10-2
	 
	US LCI (2011)

	
	Cattle 
	ton.km
	2.04 x 10-1
	 
	US LCI (2011)

	
	CO2
	ton.km
	4.01 x 10-4
	 
	US LCI (2011)

	
	Harvesting to case-ready
	 ton-km
	 
	2.08 x 10-1
	US LCI (2011)

	
	Plastic
	ton.km
	5.95 x 10-3
	 
	US LCI (2011)

	
	Waste
	ton.km
	9.63 x 10-5
	 
	US LCI (2011)

	
	Average for all other material inputs
	ton.km
	1.09 x 10-1
	2.55 x 10-3
	US LCI (2011)

	Emissions†
	CH4
	mg
	1.59
	1.14 x 10-1
	

	
	Chloride
	mg
	7.56 x 102
	5.40 x 101
	

	
	COD
	mg
	4.96 x 10-1
	3.54 x 10-2
	

	
	Landfill
	kg
	5.15 x 10-3
	9.01 x 10-3
	Ecoinvent 2.2

	
	N2O
	mg
	2.29 x 10-1
	1.64 x 10-2
	

	
	NH3
	mg
	1.51
	1.08 x 10-1
	

	
	NOX  
	mg
	2.06 x 10
	1.47
	

	
	N-total
	mg
	8.94 x 10
	6.38
	

	
	Organic Compounds (VOC) including Hexane
	mg
	2.42
	1.73 x 10-1
	

	
	PO4 as P
	mg
	3.37 x 10
	2.4
	

	
	SOX  
	mg
	7.16 x 10
	5.11
	

	
	Sulfate
	mg
	5.93 x 102
	4.23 x 10
	

	
	Wastewater municipal treatment
	m³
	3.67 x 10-3
	2.62 x 10-4
	Ecoinvent 2.2



	Category
	Substance / Resource
	
	Amount
	

	
	
	Unit/CB
	Retail
	Consumer
	LCI source[footnoteRef:11] [11: BASF data sources are internal and proprietary and Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)] 


	Packaging
	Cardboard, corrugated
	kg
	1.44 x 10-5
	
	Ecoinvent 2.2

	
	Label, paper
	kg
	1.39 x 10-5
	
	Ecoinvent 2.2

	
	LDPE
	kg
	7.01 x 10-5
	3.08 x 10-4
	BASF (2005)

	
	Polypropylene
	kg
	5.58 x 10-5
	
	BASF (1996)

	
	Polystyrene
	kg
	5.58 x 10-5
	
	BASF (2009)

	Consumables
	LDPE
	kg
	2.51 x 10-5
	
	BASF (2005)

	
	Nylon
	kg
	1.95 x 10-8
	
	BASF (2002)

	Land Use†
	Building
	m²
	5.08 x 10-6
	
	

	Waste
	Landfill
	kg
	2.85 x 10-4
	2.67 x 10-2
	Ecoinvent 2.2

	Utilities
	1,1,1-trifluoroethane  
	kg
	6.97 x 10-6
	
	Ecoinvent 2.2

	
	134 A
	kg
	2.82 x 10-6
	
	Ecoinvent 2.2

	
	Electricity (refrigeration)
	MJ
	7.70 x 10-1
	1.07
	BASF (2011)

	
	Electricity (cooking)
	MJ
	
	2.12
	BASF (2011)

	
	Natural Gas
	MJ
	1.77 x 10-1
	3.47
	BASF (1999)

	
	Propane (liquid)
	MJ
	8.70 x 10-2
	
	Boustead (1996)

	
	Water Consumption
	kg
	6.64 x 10-2
	
	BASF (2010)

	Transport
	Case Ready to Retail
	ton.km
	2.82 x 10-1
	
	US LCI (2011) 

	
	Supermarket to consumer
	ton-km
	
	2.19 x 10-3
	US LCI (2011) 

	Air Emissions[footnoteRef:12] [12:  Actual values used, not information from life cycle inventory database] 

	Gas Refrigerant Leakage
	mg
	4.25 x 103
	
	

	
	
	
	
	
	


Table S4  Retail and consumer phases input data (resource use and emissions) used in U.S. beef life cycle impact assessment and their respective life-cycle inventory (LCI) sources. Allocation factor for retail and consumer (i.e. at-home consumption portion of total consumption sold through retail) = 0.47





S-15

	Category
	Substance / Resource
	Unit/CB
	Amount
	LCI source

	 
	Cardboard, corrugate (virgin)
	kg
	1.02 x 10-2
	[footnoteRef:13]Ecoinvent 2.2 [13: ] 


	Packaging
	Aluminum Foil
	kg
	1.86 x 10-4
	Boustead (1996)

	 
	HDPE
	kg
	7.97 x 10-3
	BASF (2007)[footnoteRef:14] [14: BASF data sources are internal and proprietary, Ecoinvent 2.2 life cycle inventory database (Frischknecht et al., 2005)] 


	 
	LDPE
	kg
	3.09 x 10-3
	BASF (2005)

	
	Polypropylene
	kg
	1.04 x 10-2
	BASF (1996)

	 
	Polystyrene Foam
	kg
	2.67 x 10-3
	BASF (2009)

	Consumables
	Cotton
	kg
	1.60 x 10-5
	BASF (2003)

	 
	Steel
	kg
	5.35 x 10-5
	BASF (2010)

	 
	Vinyl Gloves (PVC)
	kg
	1.77 x 10-2
	Boustead (1996)

	Consumables (Cleaning Chemicals)
	Alcohols, C10-C16, ethoxylated
	kg
	8.09 x 10-5
	BASF (2008)

	
	Alkyl (C14)
	kg
	1.28 x 10-5
	BASF (2000)

	
	Citric acid 
	kg
	5.79 x 10-5
	BASF (1998)

	
	Glass, oxide
	kg
	1.19 x 10-4
	BASF (2011)

	
	Glycerin
	kg
	8.44 x 10-4
	Ecoinvent 2.2

	
	Penta sodium Triphosphate
	kg
	2.64 x 10-4
	Ecoinvent 2.2

	
	Potassium Carbonate
	kg
	2.30 x 10-4
	Ecoinvent 2.2

	
	Sodium Carbonate
	kg
	1.06 x 10-3
	Ecoinvent 2.2

	
	Sodium Dodecyl benzenesulfonate
	kg
	9.64 x 10-5
	BASF (2005)

	
	Sodium Hydroxide
	kg
	1.61 x 10-3
	BASF (2003)

	
	Sodium hypochlorite
	kg
	2.12 x 10-4
	BASF (2002)

	
	Sodium lauryl sulfate
	kg
	8.30 x 10-5
	BASF (2007)

	
	Sodium Xylene Sulfonate
	kg
	2.57 x 10-4
	BASF (2008)

	
	Urea
	kg
	3.61 x 10-5
	BASF (2005)

	Land Use†
	Building
	m²
	3.21 x 10-7
	

	 
	Grass
	m²
	9.05 x 10-7
	

	 
	Road
	m²
	5.07 x 10-5
	

	Utilities
	Electricity
	MJ
	5.18
	BASF (2011)

	 
	Natural Gas
	MJ
	1.82
	BASF (1999)

	 
	Propane (liquid)
	MJ
	4.96 x 10-2
	Boustead (1996)

	 
	Refrigerant liquid
	kg
	1.32E-05
	Ecoinvent 2.2

	 
	Water Consumption
	kg
	9.22
	BASF (2010)

	Transport
	Transport - Case-Ready to Restaurant
	ton.km
	1.40 x 10-2
	US LCI (2011)

	Emissions†
	CO2 from Refrigerant leakage
	mg
	7.75 x 103
	

	 
	Landfill[footnoteRef:15] [15:  This includes restaurant and all food waste ] 

	kg
	1.83 x 10-3
	Ecoinvent 2.2


Table S5  Restaurant phase input data (resource use and emissions) used in U.S. beef life cycle impact assessment and their respective life-cycle inventory (LCI) sources. Allocation factor (i.e. restaurant fraction of total beef consumption = 0.53)

References	
Frischknecht R, Jungbluth N, Althaus H-J, Doka G, Dones R, Heck T, Hellweg S, Hischier R, Nemecek T, Rebitzer G, Spielmann M (2005) The ecoinvent database: Overview and methodological framework. Int J Life Cycle Assess 10:3–9 
U.S. National Renewable Energy Laboratory. 2012. U.S. Life Cycle Inventory Database. Available at https://www.lcacommons.gov/nrel/search. Accessed 05 29 2015



Table S6  Essential raw materials considered in the U.S. beef life cycle impact assessment and respective weighting factors used for the determination of their Abiotic Depletion Potential (ADP)
	Raw Material
	Resources (years)
	Global Reserves (million t)
	Weighting (kg Ag eq.)

	Bauxite
	132
	2.90 x 104
	3.09 x 10-6

	Coal
	102
	4.05 x 105
	2.83 x 10-7

	Copper
	43
	6.90 x 102
	3.99 x 10-4

	Gas
	64
	1.88 x 105
	9.91 x 10-7

	Iron
	70
	7.10 x 104
	2.37 x 10-6

	Lignite
	272
	2.69 x 105
	1.65 x 10-7

	Lime
	500
	1.80 x 107
	0

	Manganese
	45
	6.30 x 102
	4.16 x 10-4

	NaCl
	1000
	1.80 x 107
	0

	Oil
	42
	2.25 x 105
	1.26 x 10-6

	Phosphorus as P
	372
	7.10 x 104
	4.49  x 10-7

	Silver
	22
	5.30 x 10-1
	1.0

	Sulfur
	9091
	6.0 x 105
	0 

	Titanium
	103
	6.90 x 102
	1.66 x 10-4

	Uranium
	98
	5.33
	2.26 x 10-2

	Zinc
	20
	2.50  x 102
	2.34 x 10-3
































Table S7  Scoring system for toxic properties described by H-phrases for U.S. beef life cycle impact assessment (Landsiedel and Saling (2002) before our modification)

	Hazard Code
	Description
	Toxicity factor

	H300
	Fatal if swallowed
	550

	H301
	Toxic if swallowed
	400

	H302
	Harmful if swallowed
	300

	H304
	May be fatal if swallowed and enters airways
	300

	H310
	Fatal in contact with skin
	550

	H311
	Toxic in contact with skin
	400

	H312
	Harmful in contact with skin
	300

	H314
	Causes severe skin burns and eye damage
	300

	H315
	Causes skin irritation
	100

	H317
	May cause an allergic skin reaction
	300

	H318
	Causes serious eye damage
	300

	H319
	Causes serious eye irritation
	100

	H320
	Causes eye irritation
	100

	H330
	Fatal if inhaled
	750

	H331
	Toxic if inhaled
	550

	H332
	Harmful if inhaled
	400

	H334
	May cause allergy or asthma symptoms or breathing difficulties if inhaled
	300

	H335
	May cause respiratory irritation
	300

	H336
	May cause drowsiness or dizziness
	100

	H340
	May cause genetic defects
	750

	H341
	Suspected of causing genetic defects
	550

	H350
	May cause cancer
	750

	H351
	Suspected of causing cancer
	750

	H360
	May damage fertility or the unborn child
	750

	H361
	Suspected of damaging fertility or the unborn child
	550

	H362
	May cause harm to breast-fed children
	550

	H370
	Causes damage to organs
	550

	H371
	May cause damage to organs
	550

	H372
	Causes damage to organs through prolonged or repeated exposure
	550

	H373
	May cause damage to organs through prolonged or repeated exposure
	550




Reference
Landsiedel R, Saling P (2002) Assessment of toxicological risks for life cycle assessment and eco-efficiency analysis. Int J Life Cycle Assess 7(5):261-268


Table S8  Land occupation and transformation weighting factors for U.S. beef life cycle impact assessment based on Ecosystem Damage Potentials (EDPs) from the Ecoinvent 2.2 life cycle inventory database (Frischknecht et al. 2005)
	 
	Land use class
	Factor (EDP)

	Occupation
	Occupation, urban
	0.70

	
	Occupation, industrial area
	0.80

	
	Occupation, traffic area
	0.59

	
	Occupation, mineral extraction site
	0.70

	
	Occupation, dump site
	0.70

	
	Occupation, arable
	0.61

	
	Occupation, arable, monotone-intensive (including corn and feedlot)
	0.74

	
	Occupation, arable, organic
	0.36

	
	Occupation, permanent crop (including alfalfa)
	0.57

	
	Occupation, pasture and meadow (including cow-calf)
	0.33

	
	Occupation, forest
	0.36

	
	Occupation, shrub land, sclerophyllous
	-0.26

	
	Occupation, water areas
	0.61

	Transformation
	Transformation, from urban
	0.025

	
	Transformation, from industrial area
	0

	
	Transformation, from traffic area
	0.053

	
	Transformation, from mineral extraction site
	0.025

	
	Transformation, from dump site
	0.025

	
	Transformation, from arable
	0.095

	
	Transformation, from arable, monotone-intensive
	0.030

	
	Transformation, from arable, non-irrigated, organic
	1.10

	
	Transformation, from permanent crop
	2.88

	
	Transformation, from pasture and meadow
	1.18

	
	Transformation, from forest
	11.0

	
	Transformation, from shrub land, sclerophyllous
	13.25

	
	Transformation, from water areas
	0.048

	
	Transformation, from tropical rain forest
	780.0

	
	Transformation, from unknown
	0.043

	
	Transformation, to urban
	-0.025

	
	Transformation, to industrial area
	0

	
	Transformation, to traffic area
	-0.053

	
	Transformation, to mineral extraction site
	-0.025

	
	Transformation, to dump site
	-0.025

	
	Transformation, to arable
	-0.095

	
	Transformation, to arable, monotone-intensive
	-0.030

	
	Transformation, to arable, organic
	-1.10

	
	Transformation, to permanent crop
	-2.88

	
	Transformation, to pasture and meadow
	-1.18

	
	Transformation, to forest
	-11.0

	
	Transformation, to shrub land, sclerophyllous
	-13.25

	
	Transformation, to water areas
	-0.048

	
	Transformation, to tropical rain forest
	-780.0

	
	Transformation, to unknown
	-0.043



Reference
Frischknecht R, Jungbluth N, Althaus HJ, Doka G, Dones R, Heck T, Hellweg S, Hischier R, Nemecek T, Rebitzer G, Spielmann M (2005) The ecoinvent database: Overview and methodological framework. Int J Life Cycle Assess 10:3-9

Table S9  Air emissions and their respective weighting (equivalence) factors used in U.S. beef life cycle impact assessment

	Air emission subcategory
	Substance (1 kg)
	Equivalence factor (kg eq.)
	Reference

	Acidification Potential 
(kg SO2eq)
	SO2
	1.0
	Saling et al. (2002)

	
	NH3
	1.88
	Saling et al. (2002)

	
	HCl
	0.88
	Saling et al. (2002)

	
	NOx
	0.7
	Saling et al. (2002)

	Greenhouse Warming Potential (kg CO2 eq)
	CO2
	1.0
	

	
	CH4
	25
	IPCC (2006) 

	
	Halogenated hydrocarbons (average)
	4750
	IPCC (2006)

	
	N2O
	298
	IPCC (2006)

	Ozone Depleting Potential 
(kg CFC11 eq)
	Halogenated hydrocarbons
	 1.0 
	

	Photochemical Ozone Creation Potential (kg C2H4 eq)
	Non-methane volatile organic compounds (average)
	0.416
	(Heijungs et al. 1992)

	
	CH4
	0.007
	(Heijungs et al. 1992)
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Table S10  Solid waste relative disposal costs used in U.S. beef life cycle impact assessment (Klein 2011)
	Waste
	Relative disposal cost 

	Municipal 
	1.0

	Industrial/Chemical
	6.0

	Construction 
	0.60

	Mining
	0

	Radioactive 
	300,000











Table S11  Water emissions categories and their respective weighting factors based on regional regulatory limits used in the U.S. beef life cycle assessment

	Emission
	Regulatory maximum contaminant limit
	Weighting Factor 
(1 / limit)[footnoteRef:16] [16: Saling et al. (2002)] 

	Source

	Hg
	0.001 mg/l
	1000
	Wastewater Ordinance (2012)[footnoteRef:17] [17: Wastewater Ordinance (Abwasserverordnung - AbwV, 2012), Appendix 22. The BASF method was developed with German values which were maintained because it was impractical to apply local regulatory values for each study. Furthermore, Germany was seen as having world-class regulatory thresholds similar to the U.S. and so this approach was acceptable for the purposes of this study] 


	Cd
	0.005 mg/l
	200
	Wastewater Ordinance (2012) 

	Cr-total
	0.05 mg/l
	20
	Wastewater Ordinance (2012)

	Ni
	0.05 mg/l
	20
	Wastewater Ordinance (2012) 

	Pb
	0.05 mg/l
	20
	Wastewater Ordinance (2012) 

	Cu
	0.1 mg/l
	10
	Wastewater Ordinance (2012) 

	Zn
	0.2 mg/l
	5
	Wastewater Ordinance (2012) 

	Sn
	0.2 mg/l
	5
	Wastewater Ordinance (2012) 

	AOX
	1 mg/l
	1
	Wastewater Ordinance (2012) 

	P-total
	2 mg P/l
	0.5
	Wastewater Ordinance (2012) 

	N-total
	50 mg N/l
	0.02
	Wastewater Ordinance (2012) 

	COD
	75 mg/l
	0.013
	Wastewater Ordinance (2012) 

	SO42-
	10 000 mg/l
	0.0001
	Saling et al. (2002)

	Cl-
	10 000 mg/l
	0.0001
	Saling et al. (2002)
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