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SUPPLEMENTAL INFPORMATION

Figure S1. SimaPro system input breakdown by field activity process stage (PRéConsultants 2016).
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Figure S2. Weighted average of fertilizer inputs and resulting yield data within the Northern Great Plains (NGP) and each crop management zone (CMZ). The average values were weighted by available crop land within each crop management zone (MAES 2017; NASS 2017; NDSU 2017; SDSU 2010).
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Figure S3. Summary of CMZ01 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S4. Summary of CMZ02 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S5. Summary of CMZ03 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S6. Summary of CMZ04 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S7. Summary of CMZ05 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S8. Summary of CMZ06 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S9. Summary of CMZ18 environmental impacts results based on specific activities for canola, soybean, carinata and camelina. The results are based on 1 kg of product and include the percent contribution from each activity.
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Figure S10. Weighted NGP average summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for the NGP and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S11. CMZ01 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ01 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S12. CMZ02 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ02 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S13. CMZ03 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ03 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S14. CMZ04 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ04 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S15. CMZ05 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ05 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S16. CMZ06 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ06 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S17. CMZ18 summary of the SimaPro uncertainly analysis for environmental impact results presented per kg of product basis. The summary results include the mean and median impact values for CMZ18 and the standard deviation (SD) and coefficient of variation (CV) for climate change (g CO2 eq), freshwater eutrophication (g P eq), and marine eutrophication (g N eq).
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Figure S18. Summary of energy results for each feedstock type for average NGP and each crop management zone. The summary energy results are presented per hectare and include: total cumulative energy demand (Total CED); net energy; energy ratio (EROI); total non-renewable fuel cumulative energy demand (Total NRF CED); and the total percentage of non-renewable fuel cumulative energy demand (Total % NRF CED).
[image: ]




References
MAES (2017) Montana Agricultural Research Station. 
NASS U (2017) United States Department of Agriculture - National Agricultural Statistics Service, Quick Stats. 
NDSU (2017) North Dakota State University Variety Trial Resutls. 
PRéConsultants (2016) SimaPro (v8.0). The Netherlands
SDSU (2010) Camelina Production. 

image7.png
s S
k1 g <
3 3 S 2
8 2 % s
< s 3 3
g 2 £k
® = = - Bl
5 5 8 g 2
° k- & 3 &
Climate change (gCO2eq)| | 90272 | (32.0%| (47.2%| | 6.8% | | 1.0% | [13.0%
8
2| | Freshwater eutrophication (g P eq) 045 | [11.4%| [19.2%| [13.4%] | 0.8% ”
8
Marine eutrophication (g N eq) 7.04| [18% | | 18% | [0.9% | | 19% ”
Climate change (gCO2eq)| | 67897 | [39.2%| (22.3% | | 8.3% | |14.2%| |15.9%
<
8
S | | Freshwater eutrophication (g P eq) 041 [11.7%| |105% | [13.7%] | 7.4% -]
3
Marine eutrophication (g N eq) 715 | [17% | | 06% | [ 0.8% | |12.0% ”
Climate change (g CO2eq)| |  605.55 -l 16.2%| |10.6%| | 2.7% | |20.3%
2
£ | | Freshwater eutrophication (g P eq) 041 [13.3%| | 47% | [15.7% | 15% ”
S
Marine eutrophication (g N eq) 738 [ 18% | | 04% | [0.9% | |3.2% ”
Climate change (g CO2eq)| | 1,330.95 -l 6.7% | [10.0%| | 14% | [23.7%
©
£
2| | Freshwater eutrophication (g P eq) 100 | |13.9%| | 21% | |15.5%| | 0.7% ”
3
Marine eutrophication (g N eq) 1848 | | 19% | | 0.1% | | 0.9% | | 1.5% ”
<s% | |5%-20% | [20%-50% (Erel e Percent contribution
product





image8.png
s
8
g c
g 5 »
T 8§
S B 3
2 g &
= 2 ° o
° 8 3 o
2 & 3 &
Climate change (g CO2eq)| |  788.83 | |31.8%| |47.5%| | 6.7% | | 1.0% | [12.9%
=
2| | Freshwater eutrophication (g P eq) 039 | 12.4%| [19.0%| [13.4%| | 0.8% -I
8
Marine eutrophication (g N eq) 611 |18%| [19%| |09% | | 19% -I
Climate change (g CO2eq)| | 2,113.00 | |36.1%| |28.4%| | 7.7% | [13.1%| [14.7%
<
e
£ | Freshwater eutrophication (g P eq) 120 | [10.8%| [12.2%| |135%| | 7.2% -l
&
Marine eutrophication (g N eq) 2056 | | 17% | |0.8% | | 0.8% | 12.0% -I
Climate change (g CO2eq)| |  323.84 | |41.6%| |30.4%| | 8.8% | | 2.3% | [16.9%
£
£ | Freshwater eutrophication (g P eq) 019 | [12.6%| | 9.9% | [14.8%| | 15% -I
8
Marine eutrophication (g N eq) 330 | | 18%| [09% | |09% | |3.2% -I
Climate change (g CO2eq)| | 48474 - 7.0% | | 9.9% | | 1.4% | |23.6%
-
2
2 | | Freshwater eutrophication (g P eq) 037 | (13.8%| |3.1% | [15.3%| | 07% -I
3
Marine eutrophication (g N eq) 671 |19%| [01% | | 09% | | 15% -I
<5% | |5%-20% | |20%-50% el gel Percent contribution
product





image9.png
H
s
g c
3 =] v
8 B kst s
kS g g 2
= a - v}
2 s § &
< B = G
w k-] =1 o o
5 o 8 8 2=
2 & & 3 &
Climate change (g CO2eq)| | 1,017.67 | [34.0%| (43.8%| | 7.2% | | 1.1% | [13.8%
K4
2| | Freshwater eutrophication (g P eq) 053 | (10.7%| [17.0%| [13.7%| | 0.8% ”
3
Marine eutrophication (g N eq) 843 | | 18% | | 16% | |09% | |19% ”
Climate change (g CO2eq)| | 70496 | [36.1%| |28.4% | 7.7% | [13.1%| [14.7%
c
8
£| | Freshwater eutrophication (g P eq) 040 | 10.4%| [12.2%| [13.5%| | 7.2% -]
&
Marine eutrophication (g N eq) 686 | | 17% | | 0.8% | | 08% | [12.0% ”
Climate change (g CO2eq)| |  345.44 | |42.8%| |28.4%| | 9.1% | | 2.3% | [17.4%
g
£| | Freshwater eutrophication (g P eq) 021 [12.7%| | 9.1% | [15.0%| | 1.5% ”
S
Marine eutrophication (g N eq) 362 | | 18% | |08% | |09%| |3.2% ”
Climate change (g CO2eq)| |  375.74 -I 12.7%| | 93% | | 13% | |2.2%
®
&
2| | Freshwater eutrophication (g P eq) 027 | (13.4%| | 5.4% | [15.0%| |07% ”
3
Marine eutrophication (g N eq) 489 | | 19% | | 02% | |09% | |15% ”
<5% | |5%-20% | |20%-50% (el Percent contribution
product





image10.emf
1000 Mean Median SD CV

Climate change (g CO2 eq) 641.36       639.70       30.18          4.69%

Freshwater eutrophication (g P eq) 0.33            0.31            0.06            18.96%

Marine eutrophication (g N eq) 5.16            5.16            0.03            0.50%

Climate change (g CO2 eq) 603.03       598.63       313.86       53.61%

Freshwater eutrophication (g P eq) 0.36            0.34            0.05            14.66%

Marine eutrophication (g N eq) 6.20            6.17            0.45            7.20%

Climate change (g CO2 eq) 356.71       356.26       12.62          3.56%

Freshwater eutrophication (g P eq) 0.22            0.22            0.03            14.35%

Marine eutrophication (g N eq) 3.92            3.91            0.03            0.69%

Climate change (g CO2 eq) 447.76       447.33       14.63          3.28%

Freshwater eutrophication (g P eq) 0.33            0.32            0.04            11.84%

Marine eutrophication (g N eq) 6.09            6.09            0.02            0.38%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 655.37       653.16       30.52          4.66%

Freshwater eutrophication (g P eq) 0.34            0.33            0.07            21.20%

Marine eutrophication (g N eq) 5.31            5.31            0.03            0.52%

Climate change (g CO2 eq) 343.32       340.76       186.60       54.35%

Freshwater eutrophication (g P eq) 0.21            0.20            0.03            103.09%

Marine eutrophication (g N eq) 3.73            3.72            0.25            6.84%

Climate change (g CO2 eq) 414.78       414.81       14.24          3.43%

Freshwater eutrophication (g P eq) 0.26            0.25            0.04            25.56%

Marine eutrophication (g N eq) 4.62            4.61            0.03            0.69%

Climate change (g CO2 eq) 410.58       410.80       13.89          3.38%

Freshwater eutrophication (g P eq) 0.30            0.29            0.03            29.86%

Marine eutrophication (g N eq) 5.46            5.46            0.02            0.37%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 584.07       582.28       27.27          4.67%

Freshwater eutrophication (g P eq) 0.30            0.29            0.05            18.34%

Marine eutrophication (g N eq) 4.68            4.68            0.02            0.48%

Climate change (g CO2 eq) 301.22       300.52       158.46       52.61%

Freshwater eutrophication (g P eq) 0.18            0.18            0.03            102.34%

Marine eutrophication (g N eq) 3.21            3.18            0.23            7.31%

Climate change (g CO2 eq) 233.74       233.43       8.46            3.62%

Freshwater eutrophication (g P eq) 0.15            0.14            0.02            25.91%

Marine eutrophication (g N eq) 2.56            2.56            0.02            0.71%

Climate change (g CO2 eq) 379.83       378.91       12.79          3.37%

Freshwater eutrophication (g P eq) 0.28            0.28            0.04            30.02%

Marine eutrophication (g N eq) 5.18            5.18            0.02            0.37%

Canola

Soybean

Carinata

Camelina


image13.emf
Mean Median SD CV

Climate change (g CO2 eq) 695.30       693.70       31.25          4.49%

Freshwater eutrophication (g P eq) 0.36            0.34            0.06            17.70%

Marine eutrophication (g N eq) 5.65            5.65            0.03            0.50%

Climate change (g CO2 eq) 581.72       581.97       323.78       55.66%

Freshwater eutrophication (g P eq) 0.36            0.35            0.06            108.03%

Marine eutrophication (g N eq) 6.31            6.26            0.47            7.41%

Climate change (g CO2 eq) 425.33       424.18       14.62          3.44%

Freshwater eutrophication (g P eq) 0.27            0.26            0.04            30.49%

Marine eutrophication (g N eq) 4.77            4.77            0.03            0.69%

Climate change (g CO2 eq) 401.73       401.38       12.39          3.09%

Freshwater eutrophication (g P eq) 0.30            0.29            0.03            34.36%

Marine eutrophication (g N eq) 5.50            5.50            0.02            0.38%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 380.80       379.70       17.70          4.65%

Freshwater eutrophication (g P eq) 0.20            0.19            0.03            16.71%

Marine eutrophication (g N eq) 3.11            3.11            0.02            0.49%

Climate change (g CO2 eq) 306.59       305.80       171.56       55.96%

Freshwater eutrophication (g P eq) 0.19            0.18            0.03            106.97%

Marine eutrophication (g N eq) 3.31            3.30            0.24            7.24%

Climate change (g CO2 eq) 380.41       379.95       13.26          3.49%

Freshwater eutrophication (g P eq) 0.24            0.23            0.03            29.97%

Marine eutrophication (g N eq) 4.11            4.11            0.03            0.68%

Climate change (g CO2 eq) 557.48       556.89       17.85          3.20%

Freshwater eutrophication (g P eq) 0.42            0.41            0.05            27.07%

Marine eutrophication (g N eq) 7.64            7.64            0.03            0.39%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 902.42       900.30       45.57          5.05%

Freshwater eutrophication (g P eq) 0.45            0.43            0.09            19.25%

Marine eutrophication (g N eq) 7.04            7.04            0.04            0.51%

Climate change (g CO2 eq) 670.01       675.08       367.44       54.84%

Freshwater eutrophication (g P eq) 0.41            0.39            0.06            98.72%

Marine eutrophication (g N eq) 7.13            7.12            0.50            7.04%

Climate change (g CO2 eq) 606.24       605.78       19.40          3.20%

Freshwater eutrophication (g P eq) 0.41            0.40            0.05            28.10%

Marine eutrophication (g N eq) 7.38            7.38            0.05            0.68%

Climate change (g CO2 eq) 1,329.74    1,328.15    41.65          3.13%

Freshwater eutrophication (g P eq) 1.01            0.97            0.15            34.80%

Marine eutrophication (g N eq) 18.48          18.48          0.07            0.38%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 788.91       788.44       40.33          5.11%

Freshwater eutrophication (g P eq) 0.40            0.37            0.08            20.73%

Marine eutrophication (g N eq) 6.11            6.11            0.03            0.49%

Climate change (g CO2 eq) 2,128.01    2,097.40    1,041.47    48.94%

Freshwater eutrophication (g P eq) 1.20            1.16            0.20            101.45%

Marine eutrophication (g N eq) 20.60          20.51          1.53            7.42%

Climate change (g CO2 eq) 324.29       323.38       12.90          3.98%

Freshwater eutrophication (g P eq) 0.19            0.19            0.03            29.11%

Marine eutrophication (g N eq) 3.30            3.30            0.02            0.70%

Climate change (g CO2 eq) 484.13       483.41       15.74          3.25%

Freshwater eutrophication (g P eq) 0.37            0.36            0.04            30.36%

Marine eutrophication (g N eq) 6.71            6.71            0.02            0.37%

Canola

Soybean

Carinata

Camelina
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Mean Median SD CV

Climate change (g CO2 eq) 1,017.97    1,015.14    47.03          4.62%

Freshwater eutrophication (g P eq) 0.52            0.51            0.09            16.24%

Marine eutrophication (g N eq) 8.43            8.42            0.04            0.50%

Climate change (g CO2 eq) 697.15       699.05       358.47       51.42%

Freshwater eutrophication (g P eq) 0.40            0.39            0.06            103.63%

Marine eutrophication (g N eq) 6.87            6.83            0.51            7.39%

Climate change (g CO2 eq) 345.72       345.70       13.02          3.77%

Freshwater eutrophication (g P eq) 0.21            0.20            0.03            29.55%

Marine eutrophication (g N eq) 3.62            3.61            0.02            0.68%

Climate change (g CO2 eq) 375.61       375.56       12.19          3.25%

Freshwater eutrophication (g P eq) 0.27            0.26            0.03            30.99%

Marine eutrophication (g N eq) 4.89            4.89            0.02            0.38%

Canola

Soybean

Carinata

Camelina
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NGP 1 2 3 4 5 6 18

Total CED (GJ/ha) 15.35          15.11          15.33          15.17          15.01          15.89          15.97          14.69         

Net Energy (GJ/ha) 21.30          18.26          22.52          16.15          41.99          9.31            13.05          6.31           

Energy Ratio (EROI) 2.39 2.21 2.47 2.06 3.80 1.59 1.82 1.43

Total NRF CED (GJ/ha) 14.32          14.09          14.32          14.12          14.01          14.83          14.94          13.70         

Total % NRF CED 93.3% 93.3% 93.4% 93.0% 93.4% 93.3% 93.5% 93.3%

Total CED (GJ/ha) 10.80          10.19          10.71          10.49          10.40          11.00          12.27          12.27         

Net Energy (GJ/ha) 23.57          29.19          34.92          12.69          33.79          9.50            (5.13)          9.15           

Energy Ratio (EROI) 3.18 3.86 4.26 2.21 4.25 1.86 0.58 1.75

Total NRF CED (GJ/ha) 9.59            9.03            9.50            9.31            9.21            9.77            11.03          11.03         

Total % NRF CED 88.9% 88.6% 88.8% 88.7% 88.6% 88.8% 89.9% 89.9%

Total CED (GJ/ha) 10.21          9.91            10.14          9.78            10.30          8.68            11.21          10.79         

Net Energy (GJ/ha) 26.80          18.94          41.89          18.12          22.12          9.32            29.29          26.11         

Energy Ratio (EROI) 3.63 2.91 5.13 2.85 3.15 2.07 3.61 3.42

Total NRF CED (GJ/ha) 9.46            9.18            9.38            9.06            9.55            8.01            10.42          10.02         

Total % NRF CED 92.7% 92.6% 92.5% 92.6% 92.8% 92.3% 92.9% 92.9%

Total CED (GJ/ha) 7.42            7.66            7.38            7.34            7.29            7.08            7.19            7.97           

Net Energy (GJ/ha) 21.54          22.82          24.71          22.91          14.46          1.91            17.58          26.07         

Energy Ratio (EROI) 3.91 3.98 4.35 4.12 2.98 1.27 3.45 4.27

Total NRF CED (GJ/ha) 6.54            6.77            6.50            6.46            6.42            6.23            6.32            7.07           

Total % NRF CED 88.2% 88.4% 88.1% 88.1% 88.1% 88.0% 88.0% 88.7%

Canola

Soybean

Carinata

Camelina


image1.emf
Field Activities Amount Unit

Application of plant protection products, by field sprayer /CH U 1.00          ha

Tractor, production/CH/I U 0.32          kg

Agricultural machinery, general, production/CH/I U 0.53          kg

Diesel, at regional storage/CH U 7.76          kg

Shed/CH/I U 0.00          m2

Planting /CH U 1.00          ha

Tractor, production /CH/I U 4.58          kg

Shed /CH/I U 0.02          m2

Diesel, at regional storage/CH U 16.80        kg

Agricultural machinery, general, production/CH/I U 1.17          kg

Fertilizing, by broadcaster / CH U 1.00          ha

Tractor, production/CH/I U 0.69          kg

Agricultural machinery, general production/CH/I U 0.24          kg

Diesel, at reginoal storage/CH U 5.29          kg

Shed/CH/I U 0.00          m2

Combine harvesting /CH U 1.00          ha

Harvester, production/CH/I U 6.30          kg

Diesel, at regional storage/CH U 33.30        kg

Shed/CH/I U 0.01          m2


image2.png
Input Category Unit CMZz01 CMZ02 CMZ03 CMZ04 CMZ05 CMZ06 CMZ18 NGP
CanolaYield kg/ha 1390 1577 1305 2375 1050 1209 875 1527|
Seeding Rate kg/ha 8 8 8 8 8 8 8 8
Fertilizer
Urea (N) kg/ha 115 120 110 115 125 130 110 118
Phosphorous (P205)  kg/ha 22 20 30 20 25 20 20 23]
Potassium (K20) kg/ha 27 25 35 25 30 25 25 28
Input Category Unit CMzZ01 CMZ02 CMZ03 CMZ04 CMZ05 CMZ06 CMZ18 NGP
Soybean Yield kg/ha 2188 2535 1288 2455 1139 397 1190 1909
Seeding Rate kg/ha 80 80 80 80 80 80 80 81
Fertilizer
Urea (N) kg/ha 19 25 23 20 27 52 52 27,
Phosphorous (P205)  kg/ha 42 45 43 45 48 41 41 44|
Potassium (K20) kg/ha 24 25 24 27 30 24 24 25
Input Category Unit CMzZ01 CMZ02 CMZ03 CMZ04 CMZ05 CMZ06 CMZ18 NGP
Camelina Yield kg/ha 1325 1395 1315 946 391 1077 1480 1259
Seeding Rate kg/ha [3 [3 [3 [3 [3 [3 [3 6
Fertilizer
Urea (N) kg/ha 8 3 3 [3 8 3 8 5
Phosphorous (P205)  kg/ha 17 18 17 12 5 14 25 16
Potassium (K20) kg/ha 15 15 15 11 4 12 15 14
Input Category Unit CMzZ01 CMZ02 CMZ03 CMZ04 CMZ05 CMZ06 CMZ18 NGP
Carinata Yield kg/ha 1603 2891 1550 1801 1000 2250 2050 2056
kg/ha 13.5 13.5 135 13.5 13.5 135 13.5 13.5
Fertilizer
Urea (N) kg/ha 47 48 45 53 29 66 60 51
Phosphorous (P205)  kg/ha 10 [3 4 8 7
Potassium (K20) kg/ha 2 1 1 1 1]
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