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1. Introduction 
Due to major updates in modelling and underlying data between Agri-footprint 5 and Agri-footprint 6, the 

environmental impacts may show significant differences between the two databases. In this document, we explain 

the updates and how they may affect environmental impact scores in various ways. Major updates from Agri-

footprint 5 to Agri-footprint 6 include: 

• Replacing the ELCD/USLCI library with the ecoinvent library for background processes. This affects 

impacts of energy and materials in all environmental impact categories. 

• Peat oxidation emissions are now included for all products (previously only included for palm oil in 

Malaysia and Indonesia) 

• Fertilizer production has been regionalized, causing higher impacts in all regions but the EU. 

• Update of activity data (such as yield, manure use, land use change, energy use) to more recent 

statistical data, changing the reference year from 2016 to 2018. 

• Nitrogen emission calculations have been updated to the latest IPCC standard (IPCC, 2019), causing 

changes in manure, fertilizer and crop residue emissions. 

• Post-harvesting energy use is now regionalized in Europe and uses the EU default for all other countries, 

generally leading to lower energy use. 

• New pricing data for processed products, causing allocations between products and co-products to 

change. 

• Update of production and trade data, causing some market mixes to change significantly in composition 

For a complete overview, please go to table 2-1 of Methodology Report Part 2: Description of Data. We 

explore overall trends in environmental impact changes for the entire databases in Section 2 and then take a 

more in-depth look at what changed in modelling inputs and how this affects global warming potential for 

important products in Section 3. 

2. Impact Categories 
Figures 1-1 and 1-2 show histograms of the relative changes between Agri-footprint 5 and 6 for all impact 

categories of the ReCiPe 2016 Midpoint (H) method (with an adaptation to include peat oxidation emissions in 

the global warming category). The following plots display all the Agri-footprint processes that exist in both 

libraries, excluding processes directly copied from the ELCD or ecoinvent library and transport processes. 

Transport processes were not included since the only change has been the underlying background process. The 

comparison of background and transport processes can be found in Appendix I.  In the following section, we 

discuss the reasons for the various patterns seen.  
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F IGURE  1 -1  H I S TOGRAM S  OVER  R E LAT IVE  CHANGES  FOR  IMPACT  CATEGOR IES  THAT  WERE  PRESENT  IN  BOTH AFP5  
AND AFP6 ,  EXCLUD ING BACKGROUND PROCESSES  AND TRANSPORT  PROCESSES .  PROCESSES  AT  THE  0% L INE  
HAVE  NO D I F F ERENCE  IN  IMPACT  B ETWEEN AFP5  AND AFP6 .  THE  X -AX IS  I S  CAPPED  ON THE  R IGHT  AT  THE  95TH  
P ERCENT I L E .  THE  T EXT  BOX  INDICATES  THE  NUMBER  OF  PROCESSES  THAT  DECREASE  (N_DECR )  OR  INCREASE  
(N_ INCR )  IN  IMPACT  SCORE .  
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F IGURE  1 -2  H I S TOGRAM S  OVER  R E LAT IVE  CHANGES  FOR  IMPACT  CATEGOR IES ,  CONT INUED  
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2.1 Global warming 
Global warming impacts show some increases and decreases in scores, which are mostly balanced by each other 

(the median increase in impact is +2%). These changes are caused by modelling changes and data updates 

throughout the pipeline, which notably include: 

• Peat oxidation was previously only modelled for palm oil in Malaysia and Indonesia and is now included 

for all products, causing many impacts to increase 

• Emissions from land use change have generally decreased due to updates in the IPCC calculation rules for 

soil carbon stock change factors (IPCC, 2019), a shift in amortization period, retrospective updates of FAO 

statistical data and newer data on area used for agriculture. 

• Updates in activity data (such as yield, manure use, energy use). Generally, yields have increased, while 

manure and fertilizer inputs have remained the same per hectare, causing impacts per kg of product to 

go down. The reverse also occurs in some cultivations, where yields have decreased in more recent years, 

causing impacts per kg to go up. 

• Differences in crop residue emission factors (updated IPCC calculation rules), generally causing impacts to 

decrease. 

• Prices of processed products and co-products have been updated, which affect results by economic 

allocation.  

 

2.2 Stratospheric ozone depletion 
Stratospheric ozone depletion impacts largely stayed in the same order of magnitude, with some processes 

showing increases and some showing decreases. Modelled stratospheric ozone depletion impacts are mostly 

driven by N2O emissions and are therefore strongly driven by changes in manure, fertilizer, and crop residue 

emissions. Modelling changes in these emissions include updates to more recent statistics for manure use, a 

different parameter for manure use, changes in the crop residue modelling method and updates to IPCC 

calculation rules (see Section 3.3). 

 

2.3 Ionizing radiation 
With a mean increase of 251%, ionizing radiation impacts have starkly increased. Only 19 processes show a 

decrease in ionizing radiation impacts and all others increase in impact.  

The changes are strongly driven by changes to background processes, which have been updated with the 

ecoinvent library to replace the ELCD library. Taking the average impact of all country-specific electricity 

background processes, the average impact increased from 0.0068 to 0.0213 kg CFC11 eq (+213%). Similarly, 

the impact for diesel increased from 0.00434 to 0.0324 (+646%) and the impact of concrete increased from 

0.00148 to 0.0291 kg CFC11 eq (+1860%). Due to these background processes being used throughout the 

library, resulting impacts strongly increase. 

 

2.4 Ozone formation, human health 
Ozone formation, human health impacts show a slight increase (median increase at +24%), but there is a 

relatively large spread with the first and third quartile at +3% and +66% respectively.  

Changes in ozone formation impacts are partly caused by changing the background processes. For instance, the 

process for diesel more than doubled in impact, while many other frequently used background processes (such as 

those for electricity and natural gas) mostly decreased. 

Additionally, a large role in the spread is caused by the new regionalization of flows. Ozone formation impacts 

are largely driven by NOx emissions, whose impacts have been made country-specific in the new update, as 

opposed to a global characterization in the previous version. In the following graphs, this global characterization 
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factor has been plotted as a horizontal line, along with the regionalized characterization factors color-coded by 

the region these countries fall under. Notably the East Asia and South-East Asia region show strong increases over 

the previous global characterization and the Europe and North-America regions show steep decreases. These 

trends agree with the changes in impacts, where some of the largest increases in scores can be found in Asia and 

the largest decreases in western Europe. 

 

F IGURE  1 -3  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF N I TROGEN D IOX IDE ,  N I TROGEN MONOX IDE  AND 
N I TROGEN OX IDES  FOR  THE  IMPACT  CATEGORY  OZONE  FORMAT ION ,  HUMAN HEALTH .  THE  GLOBAL  
CHARACTER I ZAT IONS  ARE  P LOTTED  AS  A  HOR IZONTAL  L INE ,  AT  1 .0 ,  1 .53 ,  1 .0  R ESPECT IVE LY .  

Notably, some characterization factors are negative for NOx substances in Japan, Great Britain, Ireland, Belgium, 

the Netherlands and Luxembourg (Huijbregts et al., 2016). This causes 70 processes in these countries to have a 

negative impact on ozone formation. In figure 1-1, these processes are not shown, since a percentage increase or 

decrease is meaningless when comparing a process that changed from a positive to a negative impacts impact. 

2.5 Fine particulate matter 
Similarly to ozone formation impacts, the overall increase in impacts is small (median at +34%), but the spread is 

large (first and third quartile at +3% and +106%). 

Changing background processes drive part of this change. There is generally an increase in impact for chemicals 

and a decrease in impact for electricity and natural gas background processes. 

The new regionalization of flows of ammonia, nitrogen oxides and sulfur oxides causes changes in various 

countries. In the graphs below, we can for instance see that there are sharp decreases in impact characterization 

in Latin America and sharp increases in Europe. For nitrogen oxides, we see strong decreases in Africa and Latin 

America, and increases in Europe, South East Asia and East Asia. Sulfur oxides have stronger impacts in South-East 

Asia and East Asia and weaker impacts in Latin America and North America. These trends agree with the changes 

in impacts between Agri-footprint 5 and 6, where we see processes in European and Asian countries among the 

largest increases and processes in Latin America and North America among the steepest decreases. 
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F IGURE  1 -4  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF N I TROGEN D IOX IDE ,  N I TROGEN MONOX IDE ,  
N I TROGEN OX IDES ,  SULFUR  D IOX IDE ,  SULFUR  TR IOX IDE  AND SULFUR  OX IDES  FOR  THE  IMPACT  CATEGORY  F INE  
PART ICULATE  MATTER  FORMAT ION .  THE  GLOBAL  CHARACTER IZAT IONS  ARE  P LOTTED  AS  A  HOR IZONTAL  L INE ,  AT  
0 .11 ,  0 .17 ,  0 .11 ,  0 .29 ,  0 .23  A ND 0 .29  R ESPECT IVE LY .  
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F IGURE  1 -5  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF AMMONIA  FOR  THE  IMPACT  CATEGORY  F INE  
PART ICULATE  MATTER  FORMAT ION .  THE  GLOBAL  CHARACTER IZAT ION I S  P LOTTED  AS  A  HOR IZONTAL  L INE  AT  0 .24 .  

 

 

2.6 Ozone formation, terrestrial ecosystems 
As with the previous two impact categories, the large spread in impacts is mostly due to regionalization of 

nitrogen oxides. In the following graphs, the regional characterization can be seen: 

   

F IGURE  1 -6  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF N I TROGEN D IOX IDE ,  N I TROGEN MONOX IDE  AND 
N I TROGEN OX IDES  FOR  THE  IMPACT  CATEGORY  OZONE  FORMAT ION ,  T ERRESTR IAL  ECOSYSTEMS .  THE  GLOBAL  
CHARACTER I ZAT IONS  ARE  P LOTTED  AS  A  HOR IZONTAL  L INE ,  AT  1 .0 ,  1 .53 ,  1 .0  R ESPECT IVE LY .  

Changes are furthermore driven by changes in background processes, e.g. increase in the impact of chemicals and 

a decrease in impact for most electricity and natural gas processes. 
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2.7 Terrestrial acidification 
Impacts for terrestrial acidification show a strong decrease (median decrease of -61%). This is largely due to 

regionalization of flows, in particular that of ammonia, where all countries now either have the same 

characterization as the previous global value or far less (see figure below). Increasing yields but unchanged 

manure and fertilizer inputs also cause a decrease in ammonia emissions per kg of product. Additionally, there is 

a sharp decrease in impact of background processes for electricity and natural gas. 

 

F IGURE  1 -7  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF AMMONIA  FOR  THE  IMPACT  CATEGORY  T ERRESTR IAL  
AC ID I F ICAT ION .  THE  GLOBAL  CHARACTER I ZAT ION I S  P LOTTED AS  A  HOR IZONTAL  L INE  AT  1 . 96 .  
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F IGURE  1 -8  R EG IONAL I Z ED  CHARACTER IZAT ION FACTORS  OF N I TROGEN D IOX IDE ,  N I TROGEN MONOX IDE ,  
N I TROGEN OX IDES ,  SULFUR  D IOX IDE ,  SULFUR  TR IOX IDE  AND SULFUR  OX IDES  FOR  THE  IMPACT  CATEGORY  
T ERRESTR IAL  AC ID I F ICAT ION .  THE  GLOBAL  CHARACTER I ZAT IONS  ARE  P LOTTED  AS  A  HOR IZONTAL  L INE ,  AT  0 .36 ,  
0 .552 ,  0 .36 ,  1 .0 ,  0 .8  AND 1 .0  R ESPECT IVE LY .  

 

2.8 Freshwater eutrophication 
The freshwater eutrophication impacts mostly increase in the new Agri-footprint version, with a median increase of 

+123%. The increase can be explained by an update in emissions modelling for phosphorous emissions, for which 

the emission factor increased from 0.053 to 0.1 (Huijbregts et al., 2016). Since phosphorous emissions are the 

main driver for freshwater eutrophication impacts, this leads to an approximate doubling in impacts for processes 

with unchanged manure and fertilizer inputs. 

 

2.9 Marine eutrophication 
Nitrate emissions have been updated in Agri-footprint 6 to meet the new nitrate emission calculations rules from 

the IPCC (2019). Additionally, a correction factor for wet climates as a fraction of the total area in each country 

has been added to the modelling of nitrate emissions resulting from fertilizers and crop residues. This leads to a 
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sharp decrease in nitrate emissions, causing marine eutrophication impacts to go down for nearly all processes 

(with a median decrease of -33%).  

 

2.10 Terrestrial ecotoxicity 
Terrestrial ecotoxicity impacts have mostly increased due to changes in fungicide emissions, which are based on 

statistics that have been updated to more recent data. 

2.11 Freshwater ecotoxicity 
Freshwater ecotoxicity impacts have mostly increased due to changes in herbicide emissions, which are based on 

statistics that have been updated to more recent data. 

2.12 Marine ecotoxicity 
Marine ecotoxicity impacts have mostly increased due to changes in insecticide (and to a lesser extent herbicide 

and fungicide) emissions, which are based on statistics that have been updated to more recent data. 

2.13 Human carcinogenic toxicity 
The strong increase in human carcinogenic toxicity impact is virtually solely caused by different background 

processes, all of which show a strong increase over ELCD. In particular, the background processes for concrete 

(4951x), sulfuric acid (615x), biowaste (292x) and diesel (106x) drive the large increases. 

 

2.14 Human non-carcinogenic toxicity 
Human non-carcinogenic toxicity impacts mostly show a slight decrease with a large spread in score differences. 

These are partly caused by a correction in heavy metal modelling that was present in Agri-footprint 5. The 

increase is furthermore caused by different background processes, all of which show a strong increase over ELCD. 

In particular the background processes for sulfuric acid (775x) and biowaste (503x) drive the large increases. 

Furthermore, there was a bug in Agri-footprint 5 causing zinc uptake to be modelled wrong (was based on 

Nickel) which has been corrected in Agri-footprint 6. 

As in Agri-footprint 5, our modelling  allows more uptake of heavy metals by the crop than are added as input, 

due to which some heavy metal emissions to soil for certain products are negative. Since the uptake of zinc is 

considerable per kg of product, the cultivation itself often results into a negative emission for this. This causes 121 

processes in Agri-footprint 6 to have a negative impact on human non-carcinogenic toxicity, which have not been 

plotted in the comparison histograms (as this was also the case in Agri-footprint 5).  

 

2.15 Land use 
Land use impacts have remained mostly the same. The small differences in scores are generally the results of 

differences in activity data. 

 

2.16 Mineral resource scarcity 
For mineral resource scarcity, there is a sharp increase in the impacts scores and a large spread in the results. 

Most of these changes are due to updates in the background library, notably a sharp increase in the impact of 

the process used to model diesel. Changes in heavy metals calculations also drive impact differences. 
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2.17 Fossil resource scarcity 
Most impact scores for fossil resource scarcity remain mostly the same, with some spread in results mostly due to 

differences in allocation and activity data such as yields. The impacts of the background processes mostly 

decrease with the replacing of ELCD with ecoinvent processes. 

2.18 Water consumption 
Water consumption shows a wide spread with no clearly discernible trend. Many processes decrease in impact 

due to a change in modelling irrigation water as described in Section 3.2.2 of Part 2 (Description of the data), 

which takes into account that not all applied water is necessarily taken up by the crop. Other changes are due to 

changes in the background processes for wastewater processing, currently no water “credits” are given when 

wastewater is processed, which is in line with the water footprint standard ISO 14046.  

58 processes have an impact that changes sign between Agri-footprint 5 and 6, due to allowing negative water 

consumption modelling in Agri-footprint 5. This has been changed in Agri-footprint 6, causing some processes to 

go from a negative to a positive impact in the new version. These processes have not been plotted in the 

histogram (Figure 1-2).  

3. Product comparison 
In this chapter, we take an in-depth look at various highly produced feed products and explore how changes in 

activity data, modelling updates, background processes and other changes from Agri-footprint 5 to Agri-footprint 

6 affect the global warming impacts of these products. The products considered are wheat cultivation in 

Germany, maize cultivation in the United States, soybean cultivation in Argentina, soybean meal production in 

Brazil and soybean market mix in the Netherlands. 

 

3.1 Wheat cultivation in Germany 
In Agri-footprint 6, the total climate change impact of wheat cultivation in Germany has increased from 0.345 kg 

CO2e to 0.438 kg CO2e per kg of wheat produced. This change is due to various updates in the modelling and 

the statistical data used in the calculations.  

The activity data per hectare has not changed much for most data points, but there are a few small differences. 

The yield per hectare has decreased from 7937 to 7735 kg/ha and the co-product yield decreased from 4072 

to 3254 kg /ha according to more recent FAO statisticsAgri-footprint 6 (FAO, 2021). As a result, small changes in 

activity data occur in energy use, manure application and pesticide use, which are all based in part on yield 

data.  

The environmental impact per kg of product is shown in the contribution analysis below: 
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TABLE  3 -1 :  CONTR IBUT ION ANALYS IS  OF  WHEAT  GRA IN  CULT IVAT ION IN  GERMANY ,  IMPACT  AS  CARBON 
FOOTPR INT  EM ISS IONS  PER  KG OF  PRODUCT  

 

 

The main difference in climate change impact is due to modelling peat oxidation emissions in Agri-footprint 6, 

which were not included in Agri-footprint 5 (except for palm fruit in Indonesia and Malaysia). Changes in other 

product and foreground impacts mostly cancel each other out in the final impact score, but a few are still notable: 

• Land use change has decreased strongly due to a reduction in area harvested at present, a change in the 

stock change factors for perennial cropland and  a shift of two years in amortization period – land use 

increased notably 20 years ago, of which the first two years no longer contribute towards expanding 

land. 

• Increase in transport is due to using market mixes of fertilizers instead of exclusively locally produced 

fertilizers and an increase in the impact of the underlying diesel background process (which increased in 

impact by 18%) 

• Manure and fertilizer application emissions per kg of product have gone up due to a decreased yield, but 

no change in total fertilizer application per hectare 

• Crop residue emissions have decreased due to an update in modelling (see Section 3.3.1 of Part 2) 

 

3.2 Maize cultivation in the United States 
The climate change impact of maize cultivation in the United States has increased slightly from 0.286 kg CO2e in 

Agri-footprint 5 to 0.293 kg CO2e in Agri-footprint 6. The activity data per hectare can be seen in the following 

table: 

TABLE  3 -2 :  MA IN  COLLECTED  A ND GENERATED  ACT IV I TY  DATA  PER  HECTARE  FOR  MA IZ E  CULT IVAT ION I N  THE  
UN I T ED  S TATES .  

Item AFP5 AFP6 Difference 

Yield main product  9984 11040 Update in FAO yield statistics 

Allocation factor grain 94.17% 94.67% Updated yields, same prices 

Yield co-product 1648 1656 Update in FAO yield statistics 

Allocation factor stover 5.83% 5.33% Updated yields, same prices 

Fertilizer N 167.32 167.32 No update 

Fertilizer P2O5 60.39 60.39 No update 

Fertilizer K2O 60.88 60.88 No update 

Energy use - diesel 3298 MJ 3368 MJ Higher yield and manure input to the energy model 

Energy use - electricity 473 MJ 523 MJ Higher yield input to the energy model 

Manure – poultry 370 kg 358 kg New FAO data and “application” statistic chosen 

Manure – swine 527 kg 426 kg New FAO data and “application” statistic chosen 

Seed input 37.74 kg 37.74 kg No update 
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Lime 400 kg kg 400 kg Default value 

Pesticides 3.28 kg a.i 3.25 kg 
a.i. 

Update in FAO pesticide application statistics 

 
As with wheat cultivation in Germany, the differences in activity data are mostly small. The main difference on a 

per hectare basis is the increase of the yield from Agri-footprint 5 to Agri-footprint 6 due to an update in FAO 

data (reference year 2018 instead of 2016). This also causes a slight increase in energy use, since the energy 

model is dependent on the yield of the crop. Manure application is based on newer FAO data, but also changes 

due to modelling with the “manure applied to soil” statistic, whereas in Agri-footprint 5 the statistic “manure 

management” was chosen, which described total manure production in a country. This causes a decrease in swine 

manure application per hectare between Agri-footprint 5 and 6 and also causes diesel use to not increase as 

much as electricity use despite an increase in yield, since the energy model is also dependent on manure 

application rates (more manure applied means more diesel used). Pesticide application is based on FAO pesticide 

application statistics, which show a slight decrease in the new reference period. 

TABLE  3 -3 :  CONTR IBUT ION ANALYS IS  OF  MA IZ E  CULT IVAT ION IN  THE  UN I T ED  S TATES ,  IMPACT  AS  CARBON 
FOOTPR INT  EM ISS IONS  PER  KG OF  PRODUCT  

 

Most foreground impacts decrease due to a higher yield, but due to the inclusion of peat oxidation emissions, the 

total climate change impact on land remains nearly the same. Aside from an increased yield, land use change 

emissions per kg are less due to updating the modelling data to a more recent period (2014 – 2018 instead of 

2012 – 2016), in which a shift in the amortization period causes the historical land use to go up and therefore the 

difference between historical land use and current land use to go down, since land that changed over 20 years 

ago is no longer counted as expanded area. Fertilizer and manure application impact per kg of product is less 

due to higher yields but nearly unchanged application rates per hectare. Crop residue emissions are slightly less 

due to an update in modelling described in Section 3.3.  

Fertilizer production emissions decrease due to a different fertilizer mix (due to updates in underlying data 

determining fertilizer ratios) and the replacement of fertilizers by regionalized market mixes. Replacing locally 

produced fertilizers with fertilizer market mixes also cause transport emissions to go up, since there are more 

transport movements involved. Transport emissions also increase because the background process for diesel from 

ecoinvent has a 18% higher impact than the equivalent process from ELCD. 

 

3.3 Soybean cultivation in Argentina 
The climate change impact of soybean cultivation in Argentina has decreased from 5.48 to 4.49 kg CO2e / kg 

product. Main collected activity data for soybean cultivation in Argentina for both datasets in shown in the table 

below. 

TABLE  3 -4 :  MA IN  COLLECTED  A ND GENERATED  ACT IV I TY  DATA  FOR  SOYBEAN CULT IVAT ION IN  ARGENT INA .  

Item AFP5 AFP6 Difference 

Yield main product 2757 kg 2890 kg Update in FAO yield statistics 

Allocation factor grain 93.01% 96.56% Updated yield, same prices 
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Yield co product 1243 617 kg Update in FAO yield statistics, AGDM soybeans 0.3 -
> 0.1 (see Section 3.2.1.1 of Part 2) 

Allocation factor straw 6.99% 3.44% Updated yield, same prices 

Fertilizer N 3.37 kg 3.37 kg No change 

Fertilizer P2O5 10.83 kg 10.83 kg No change 

Fertilizer K2O 0.30 kg 0.30 kg No change 

Energy use - diesel 1960 MJ 1968 MJ Higher yield and manure input to the energy model 

Energy use - electricity 2.77 MJ 2.90 MJ Higher yield input to the energy model 

Manure – poultry 28.5 kg 28.7 kg New FAO data and “application” statistic chosen 

Manure – swine 197 kg 283 kg New FAO data and “application” statistic chosen 

Seed input 65.41 kg 65.41 kg No change 

Lime 400 kg 400 kg Default value 

Pesticides 6.27 kg a.i. 5.86 kg a.i. Update in FAO pesticide application statistics 
 

Most activity data remained the same, and the main changes are in the co-product yield and swine manure. Co-

product yield was reduced between Agri-footprint 5 and 6 due to an update in above ground dry matter of 

soybeans, which was adjusted from 30% to 10%. The higher application of manure is related to an update to 

more recent data and using the “manure applied to soils” statistic by FAO as opposed to the “manure 

management” statistic that was used in Agri-footprint 5 to estimate total manure use in countries.  

TABLE  3 -5 :  CONTR IBUT ION ANALYS IS  OF  SOYBEAN CULT IVAT ION IN  THE  ARGENT INA ,  IMPACT  AS  CARBON 
FOOTPR INT  EM ISS IONS  PER  KG OF  PRODUCT  

 

The main change in total climate change impact is due to a decrease in land use change: the currently cultivated 

area has decreased since 2016, the reference point for historical land use has shifted (causing the difference 

between current land use and land use 20 years prior to decrease) and soil carbon stock change factors have 

been updated to the new IPCC calculation rules (specifically impacting perennial cropland carbon content in 

Argentina) (IPCC, 2019). Other notable changes include an increase in transportation emissions, in manure 

application and crop residues. Transport emissions increased due to the increase in amount of manure applied 

and because the background process for diesel from ecoinvent has a 18% higher impact than the equivalent 

process from ELCD. Manure emissions per kg of product increase due to an increase in manure used per hectare. 

Crop residues increase due to changes in the modelling method and new IPCC emission calculation rules. 

 

3.4 Soybean meal production in Brazil 
For the soybean crushing process, output amounts, electricity use, process steam and sourcing have not changed. 

The climate change impact of the input source (soybeans from Brazil) has decreased from 5.6 kg CO2e to 4.5 kg 

CO2e per kg of soybean (mostly due to a reduction in land use change). Prices for soybean oil, meal and hull 

have also changed, causing the allocation to change and relatively more impact to be attributed to soybean 

meals and less to soybean oils.  
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TABLE  3 -6 :  MA IN  COLLECTED  A ND GENERATED  ACT IV I TY  DATA  FOR  SOYBEAN CRUSH ING IN  BRAZ I L .  

Item AFP5 Allocation AFP6 Allocation 
Crude soybean oil 190 kg 41.46% 190 kg 33.59% 
Soybean meal 706 kg 55.61% 706 kg 64.3% 
Soybean hull 74 kg 2.93% 74 kg 2.11% 
Soybean 1000 kg  1000 kg  
Electricity 200 MJ  200 MJ  
Process steam 1200 MJ  1200 MJ  
Source grain 100% Brazil  100% Brazil  

 

As a result, the climate change impact of soybean meals changes from 4.7 kg CO2e to 4.3 kg CO2e per kg 

meal, which is a smaller decrease than would be expected based on just the change in source product alone. For 

crude soybean oil, the impact decrease is much steeper: from 12.9 kg CO2e to 8.3 kg CO2e. 

Although the background process for electricity changed a lot relatively, the total impact is for the most part 

attributable to the changes in the soybean cultivation. 

TABLE  3 -7 :  CONTR IBUT ION ANALYS IS  OF  SOYBEAN MEAL  PROCESS ING IN  BRAZ I L  

Item AFP5 AFP6 Difference 
Soybeans (dried) 4.57 4.2 -8% 
Electricity 0.0061 0.0125 81% 
Process steam 0.0778 0.0776 0% 
Others 0.0209 0.0068 -67% 

 

 

3.5 Soybean market mix in the Netherlands 
The climate change impact of the soybean market mix in the Netherlands has decreased from 3.272 to 2.173 kg 

CO2e / kg product. Various modelling changes have an impact on market mixes of crops, namely: 

• The impact of soybeans from various origins has changed 

• Market mixes now include a post-harvesting drying step, which was not included in Agri-footprint 5 

• Trade statistics used to model the mix composition of various origins have been updated to more recent 

data 

• In case compositions change, travel distances and their associated emissions change too, as well as a 

different background process used to model fuel use during transportation 

In this example, the effect of changing trade statistics can be seen in the following figure. Soybeans from the 

United States now make up a larger portion of the market mix composition (46% to 59%), whereas soybeans 

from Canada, Brazil and Paraguay have decreased in the mix. The contribution of soybeans from Germany was 

negligible in Agri-footprint 5 (0.4%) and not present in Agri-footprint 6. 
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F IGURE  2 -2  MARKET  M IX  COMPOS IT ION OF  SOYBEANS  IN  THE  NETHER LANDS  IN  AFP5  AND AFP6  

In the following table, a comparison of the different climate change impact scores of the soybeans can be seen. 

Impact of soybeans from Brazil and Paraguay have decreased (mostly due to a reduction in land use change), 

whereas the impact of soybeans from Canada and the United States have increased in impact. The sharp 

decrease in soybeans from Paraguay is due to a significant reduction (162 to 51 ton C/ha) in the estimated 

carbon stock of forests between the data from the Forest Resource Assessment from FAO in 2015 and in 2020, 

which is used to model land use changes (FAO, 2020). The soil carbon stock change factors have also changed 

significantly from 2006 to 2019, impacting tropical land use change calculations especially (IPCC, 2019). The 

increases in emissions excluding land use change are due to a reduced yield in Agri-footprint 6 and an increase in 

crop residue emissions. 

TABLE  3 -9 :  CONTR IBUT ION ANALYS IS  OF  SOYBEAN MEAL  PROCESS ING IN  BRAZ I L  

Origin AFP5 – excl 
LUC 

AFP5 – 
LUC 

AFP6 – excl 
LUC 

AFP6 – LUC Difference total impact 

Brazil 0.352 5.251 0.456 4.058 -19% 
Canada 0.273 0.696 0.389 1.143 +58% 
Germany 0.703 0.184    
Paraguay 0.304 9.532 0.357 2.502 -71% 
Ukraine   0.658 0.145  
United States 0.389 0.013 0.426 0.011 +9% 

 

The following graph shows the contribution of all different soybeans towards the total climate change impact. As 

can be seen, the reduction is generally due to large decreases in land use change for soybeans from Brazil and 

Paraguay. 

Although the total climate change impact from soybeans from the United States has increased, this is mainly due 

to a larger share in the market mix composition. Since soybeans from the United States have a smaller carbon 

footprint than the soybeans it replaces (namely from Brazil and Paraguay), this further helps to drive down the 

impact. 

The drying step for all soybeans adds a small contribution to the impact for the mix (0.0245 kg CO2e / kg 

product, or 1% of the total impact). Transport emissions change slightly due to changing distances as a result of a 

changing market mix composition and other background processes (0.114 to 0.113 kg CO2e / kg product). 
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F IGURE  2 -2  CONTR IBUT IONS  FROM SOYBEANS  FROM D I F F ERENT  OR IG INS ,  DRY ING AND TR ANSPORT  S TAGE  
TOWARDS  TOTAL  IMPACT  OF  SOYBEANS  MARKET  M IX  IN  THE  NETHER LANDS  

 

3.6 Milk production in the Netherlands  
Agri-footprint 6 includes a revision and large update of the animal farm systems, which is described in detail in 

chapter 7 of part 2 of the documentation. In Agri-footprint 5, some animal systems in the Netherlands and Ireland 

were already modelled. To give insight into what changed and how this influences results, we look in more detail 

at the modelling of the production of milk in the Netherlands. 

Newer and different sources have been used as input data, leading to the following significant changes: 

TABLE  3 -10 :  CHANGES  IN  THE  DA IRY  FARM SYSTEM BETWEEN AFP5  AND 6 .  NOTE  THAT  M I LK  Y I E LD  P ER  COW IN  
AFP6  HAS  B EEN  CORRECTED  FOR  FAT  AND PROTE IN ,  WHIC H WAS  NOT  DONE  IN  AFP5  

 Agri-footprint 5 Agri-footprint 6 

Dairy cows 82 102 

Milk yield per cow (kg/year) 8063 9277 

Replacement animals 63.3 57 

Liveweight of cows sold (kg/year) 14431 16250 

Liveweight of calves sold (/year) 1979 3126 

Milk production (kg/year) 661972 943465 

Electricity (MJ/year) 137,880 162,601 

Natural gas (MJ/year) 37,980 41,496 

 

The combination of an increase in number of dairy cows, higher milk production per cow and correcting for fat 

and protein caused an increase in total milk production from 661,972 to 943,465 kg / year for one farm. Since 

the total output weight of calves and cows sold also increases due to new data sources relating to herd dynamics 

and the weights of the animals and since prices of calves, cows and milk remained the same between Agri-

footprint 5 and 6, the total economic allocation towards milk has not changed significantly (from 92.92% to 

92.15%). For more details, see chapter 7 of part 2 of the documentation. 

The impact per kg of milk changes as follows: 
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F IGURE  2 -3  CONTR IBUT IONS  FROM D I F FERENT  FE EDS  AND AT - FARM EM ISS ION SOURCES  TOWARDS  TOTAL  IMPACT  
OF  M I LK  PRODUCT ION IN  THE  NETHER LANDS  

The largest reductions can be found in enteric fermentation, maize silage, compound feeds and wet by-products. 

Enteric fermentation emissions per cow go down between Agri-footprint 5 and 6 (128.7 to 119.1 kg CH4 per 

dairy cow) due to a combination of changing feed nutritional characteristics (because of different diet 

compositions) and increase in milk production, causing emissions per kg of output to go down. Maize silage intake 

has gone down according to the new data sources used (5787 to 3923 kg of feed per dairy cow per year) and 

has reduced slightly in global warming impact due to changes in cultivation modelling (0.101 to 0.094 kg CO2 / 

kg maize silage). Wet by-products are no longer used as feed in the Dutch farm system. 

The compound feed used has not changed in composition between Agri-footprint 5 and 6, but since the impacts of 

the underlying products did change, the impact has gone down from 1.223 to 0.945 kg CO2e per kg of 

compound feed. This is mostly due to a reduction in impact for soybean meals, palm kernel expeller and 

rapeseed meal due to changing market mixes and updates in modelling. 
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 F IGURE  2 -4  CONTR IBUT IONS  FROM D I F F ERENT  F E ED  INGRED I ENTS  TOWARDS  TOTAL  IMPACT  OF  DA IRY  COW 
COMPOUND FE ED  IN  THE  NETHER LANDS  
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Appendix I  
 

The following figures show the changes in all 18 impact categories for the background processes and transport 

processes. Since the only change in 383 transport processes has been the underlying background processes, the 

peaks in the graphs below correspond with these transport processes. 

 
F IGURE  A -3  H I S TOGRAMS  OVER  R E LAT IVE  CHANGES  FOR  IMPACT  CATEGOR IES  IN  BACKGROUND PROCESSES  AND 
TRANSPORT  PROCESSES .  THE  TEXT  BOX  IND ICATES  THE  NUMBER  OF  PROCESSES  THAT  ARE  FURTHER  LE F T  (N_ LOW)  
OR  R IGHT  (N_H IGH)  THAN THE  F IGURE  A X IS .  
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F IGURE  A -2  H I S TOGRAMS  OVER  R E LAT IVE  CHANGES  FOR  IMPACT  CATEGOR IES ,  CONT INUED.  THE  PROCESS  FOR  
BENZENE  AND WASTEWATER  TREATMENT  IN  AFP5  ( E LCD )  AN D THE  NEW TAP  WATER  PROCESS  FROM AGR I -
FOOTPR INT  6  ( ECO INVENT )  (U SED  TWICE )  HAVE  A  NEGAT IVE  IMPACT  VALUE  IN  WATER  CONSUMPT ION ,  CAUS ING 
4  PROCESSES  TO  BE  P LOTTED  LE F T  OF  THE  -100% L INE .  
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