Environmental impact of replacing soybean meal with rapeseed meal in diets of finishing pigs
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Supplementary Table S1 describes the nutritional composition of the four scenarios for growing pigs. 
Supplementary Table S2 provides information on the environmental impact of feed ingredients for growing pigs based on Vellinga et al. (2013). Supplementary Table S3a,b shows the diet composition with the related environmental impact per feed ingredient for piglets, gilts, and sows. The diet for piglets, gilts, and sows is composed using least cost optimization according to the procedure described by Bikker et al. (2011) using data and costs of ingredients in 2013. The feed intake of piglets was 30 kg per piglet, 403 kg per gilts and 1174 kg for sows per year (Agrovision, 2012). The diets of piglets contained 9.68 MJ NE, for gilts 9.24 MJ NE and 9.06 MJ NE for sows. The environmental impact related to transporting the feed to the feedmill is 58 g CO2 eq per kg feed and 0.82 MJ per kg feed for piglets, 61 g CO2 eq per kg feed and 0.87 MJ per kg feed for gilts, and 50 g CO2-eq and 0.71 MJ per kg feed for sows. The environmental impact related to transporting the feed to the farm is 10 g CO2 eq per kg feed and 0,15 MJ per kg feed for piglets, gilts and sows. Supplementary Table S4 provides for each scenario an overview of GWP, LU, and EU per kg of feed. Supplementary Table S5 provides for piglets, gilts, and sows an overview of GWP, LU, and EU per kg of feed. Supplementary Table S6 shows the equations to calculate CH4, direct and indirect N2O emissions with the related parameters. Finishing pigs emitted 3.56 kg CO2-eq related to direct N2O, 4.45 kg CO2-eq related to indirect N2O, and 31.66 kg CO2-eq related to CH4. The emission related to piglet production was 1.21 kg CO2-eq related to direct N2O, 1.51 kg CO2-eq related to indirect N2O, and 3.26 kg CO2-eq related to CH4.

Supplementary Table S1 nutritional composition of the four scenarios of replacing soybean meal (SBM) (S1) with rapeseed meal (RSM) based on different diet compositions (S2, S3 and S4). See Table 1 in the article for the diet composition.
	
       
	Scenario 1
SBM 
	Scenario 2
RSM 
	Scenario 3
RSM
	Scenario 4
RSM

	Net energy, MJ
	9.50
	8.98
	8.98
	9.50

	Lysine (SID)
	7.59
	7.18
	7.18
	7.59

	Methionine (SID)
	2.53
	2.45
	2.45
	2.53

	Cysteine (SID)
	2.41
	2.75
	2.75
	2.41

	Threonine (SID)
	4.88
	4.73
	4.73
	4.88

	Tryptophan (SID)
	1.55
	1.42
	1.42
	1.55

	P
	3.75
	4.84
	4.84
	4.65

	Dig. P
	2.27
	2.14
	2.14
	2.27

	Crude protein
	162
	163
	163
	160

	Crude fat
	27
	31
	31
	50

	Crude fibre
	30
	49
	49
	47


1 Phytase premix contained 100000 FTU per kg of premix

Supplementary Table S2 environmental impact of feed ingredients for growing pigs.
	Ingredients
	GWP
	EU
	LU

	
	g CO2-eq/kg
	MJ/kg
	m2/kg

	Rapeseed meal
	454
	3.1
	1.2

	Soybean meal
	652
	6.0
	3.1

	Peas
	731
	6.4
	5.5

	Maize
	704
	6.3
	1.2

	Wheat
	367
	2.7
	1.1

	Wheat middlings
	237
	2.0
	0.6

	Barley
	375
	2.7
	1.3

	Sugarcane molasses
	302
	3.7
	0.2

	Phytase
	4 999
	26.0
	0.2

	Premix
	4 999
	0.9
	0.0

	Animal fat
	823
	12.0
	0.0

	Limestone
	19
	0.03
	0.0

	Salt
	180
	3.9
	0.0

	Monocalcium phosphate
	4 999
	18.4
	0.3

	L-Lysin
	6 030
	119.9
	2.3

	L-Threonin
	16 978
	119.9
	2.3

	DL-Methionin
	5 490
	89.3
	0.0

	Transport to feedmill
	47
	0.66
	0.00

	Transport to farm
	10
	0.15
	0.00




Supplementary Table S3a Diet composition of piglets, gilts and sows and the related environmental impact (main ingredients, see Supplementary Table S3b for feed additives).
	Ingredient %
	Piglets
	Gilt
	Sow
	GWP
g CO2-eq/kg
	EU
MJ/kg
	LU
m2/kg

	Animal fat
	2.00
	2.00
	0.70
	823
	12
	0.00

	Barley
	32.10
	6.78
	13.67
	375
	2.7
	1.30

	Bread meal
	1.75
	2.25
	1.58
	125
	1.9
	0.00

	Palm kernel expeller
	
	
	3.25
	547
	3.2
	0.30

	Sunflower oil
	0.50
	0.41
	0.49
	2 158
	21.0
	16.29

	Potato protein
	1.35
	
	
	1 798
	20.0
	1.7

	Maize
	21.50
	25
	21.13
	704
	6.3
	1.20

	Rapeseed expeller
	
	
	0.84
	501
	3.3
	1.40

	Rapeseed meal
	
	10.00
	1.30
	454
	3.1
	1.20

	Soybean hulls
	
	2.54
	6.00
	373
	3.9
	1.60

	Soybeans heat treated
	0.11
	
	
	663
	5.8
	3.90

	Soybean meal
	12.90
	4.25
	3.70
	652
	6.0
	3.10

	Sunflower seed meal
	3.00
	5.00
	3.49
	519
	5.4
	3.10

	Sugarbeet pulp
	1.00
	5.00
	8.82
	366
	5.6
	0.00

	Sugarcane molasses
	1.44
	2.00
	2.40
	302
	3.7
	0.22

	Triticale
	
	1.13
	
	564
	3.7
	1.15

	Wheat
	10.99
	20.40
	12.35
	367
	2.7
	1.10

	Wheat middlings
	5.00
	10.15
	15.73
	237
	2.0
	0.58

	Whey powder
	1.00
	
	
	1 016
	15.0
	0.00





Supplementary Table S3b Diet composition of piglets, gilts and sows and the related environmental impact (feed additives, see Supplementary Table S3a for main ingredients).
	Ingredient %
	Piglets
	Gilt
	Sow
	GWP
g CO2-eq/kg
	EU
MJ/kg
	LU
m2/kg

	DL-Methionin
	0.14
	0.02
	0.01
	5 490
	89.3
	0.01

	Lactic Acid
	1.00
	
	
	4 999
	75.2
	0.11

	Limestone
	1.00
	0.90
	1.11
	19
	0.0
	0.00

	L-Lysin
	0.45
	0.30
	0.24
	6 030
	119.9
	2.27

	L-Threonine
	0.12
	0.05
	0.07
	16 978
	119.9
	2.27

	Phytase
	0.65
	0.65
	0.65
	4 999
	26.0
	0.15

	Premix
	0.40
	0.40
	0.40
	4 999
	0.9
	0.00

	Monocalcium phosphate
	0.66
	0.11
	0.38
	4 999
	18.4
	0.32

	Salt
	0.60
	0.30
	0.54
	180
	3.9
	0.02




Supplementary Table S4 Global warming potential (GWP), land use (LU) and energy use (EU) per kg feed. Four scenarios were developed in which soybean meal (scenario 1) was replaced with rapeseed meal (scenario 2, 3, and 4) in diets of growing pigs. 
	
Diet NE content, MJ/kg
SID LYS g/kg                          
	Scenario 1
9.5
7.59 
	Scenario 2
8.98
7.18 
	Scenario 3
8.98
7.18
	Scenario 4
9.50 
7.59

	     GWP
	g CO2-eq/kg feed
	656
	626
	626
	651

	     EU
	MJ/kg feed
	5.72
	5.34
	5.34
	5.68

	     LU
	m2.year / kg BW
	1.81
	1.54
	1.54
	1.53





Supplementary Table S5 Global warming potential (GWP), land use (LU) and energy use (EU) per kg feed for piglet production. Diets of piglets, gilts, and sows were based on Dutch standards.
	
	Piglet
	Gilt
	Sow

	     GWP
	g CO2-eq/kg feed
	756
	625
	593

	     EU
	MJ/kg feed
	7.32
	5.87
	5.47

	     LU
	m2.year / kg BW
	1.45
	1.22
	1.11



[bookmark: _GoBack]
Supplementary Table S6 Equations to calculate CH4, direct and indirect N2O emissions with the related parameters. 
	Parameters
	
	Growing pigs
	Gilts
	Sows
	References

	CH4 emissions = (

	Organic matter (OM) 
	kg/OM manure
	43
	25
	25
	Coenen et al., 2013

	Potential CH4 production (B0)
	CH4/kg OM
	0.34
	0.34
	0.34
	Coenen et al., 2013

	CH4 conversion factor (MCF)
	
	0.39
	0.39
	0.39
	IPCC, 2006

	Manure production
	kg/year
	1100
	1300
	5100
	Coenen et al., 2013

	Direct N2O emissions = 

	N excretion
	kg/year
	12.5
	15.9
	30.1
	Coenen et al., 2013

	Default emission factor (EF)
	
	0.002
	0.002
	0.002
	IPCC, 2006

	Indirect N2O emissions = 

	N excretion
	kg/year
	12.5
	15.9
	30.1
	Coenen et al., 2013

	Volatilisation
	%
	25
	25
	25
	IPCC, 2006

	Default emission factor (EF)
	
	0.01
	0.01
	0.01
	IPCC, 2006
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