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Introduction
The aim of the deliverable is to present results of the scenarios modelling.

The scenarios implement the innovative practices identified (D4.1) in the case studies
defined (D2.1). The different scenarios for each country are described in the D4.3.

This document presents the result of the modelling of the scenarios developed, including
farm description, economics, environmental and social issues and the impact on feed-food
competition and chain food security.

Belgium
BE-BF

Summary

The list of innovation tested on walloon breeder-fattener case study include Fast rotational
grazing for the all herd, the use of algae, the extension of the bulls cull age (from 20m to
23m) and the herd size reduction. As in the baseline, the use of sugar beet pulp is important
in these optimisation results. While the results are realistic, the amount of sugar beet pulp
varies a lot among the breeder and the impact of innovations may vary accordingly.

The fast rotational grazing scenario implies the mother cows, the bulls and the heeifers to
be out from May to september included. More than 34 ha out of the 48 ha of permanent
grasslands are converted into a paddock system. The animals are supplemented on pasture
with moist beet pulp when needed, months with low yield or for mother cows. While the
growing phase is possible on “full grazing”, the fattening phase (2 months from 560 kg to
640 kg live weight) is performed with a ~3 kg of sugar beet pulp supplementation on
pasture. This innovations improve most of the indicators: Profit by 3%, protein efficiency by
7%, and calory efficiency by 1%. The global warming potential is not impacted (-0.25%),
and further studies are needed to explore the modification in the methane emissions
comming from a grass+pulp compared to a more classical indoor feeding.

Since the price of algae in the future is uncertain, we have tested prices of algae ranging
from 1 to 8000 Euros. Above 500 euros, buying Chlorella is not considered in the model. 49
ton are bought if the price reach 200 euros/ton and increase further for lower prices (239
tons at 100 euros/t). If one consider the use of an algae with similar characteristics as
chlorella and not competitive feed, the impact on the protein efficiency is important and
increases by 7 to 96% for 200 euros and 100 euros respectively. On the other hand, the
impact on the climate change is important: an extra 12 to 68% for the same prices
hypthesis.

Increasing the cull age of bulls is often tought as being a good option to increase the net
efficiency of a breeder-fattener system. Indeed, a lower daily weight gain would allow to
produce meat by using less high proteic/energetic feed and therefore probably more grass,
increasing therefore the net efficiency. It is not what we observe in this case, where we



increased the cull age and kept the number of cows fixed at 115 Mother cows. This case
study being relatively intensive (in the sense that it uses own cereal and buys 959 t of moist
beet pulp), when forcing the bulls to eat more (3months extra) to produce the same amount
of meat, we observe a reduction of the net efficiency. Indeed, the amount of grass per year
being constant, the more grass is given to the bulls, the less grass is given to the
mothercows during winter for instance. Other economic and environmental indicators are
also negative.

Probably the most extreme way to reduce the competition between feed and food is to
reduce the herd size. While the baseline farm had 115 cows, we forced a reducedion of this
number to 100, 85, 70 and 55. The results show as expected an increase in protein and
energy efficiency that increase. In particular the protein efficiency reach more than 2 in the
70 cows case (106 LU for 48 ha of grassland). The profit and the climate impact per kg of
meat produced are badly impacted (-19% of profit and +9.4% in GWP).

Baseline nnovations
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Figure 1: Profit (€) whole farm per scenario
100C 20m

In the 100C 20m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 2: GWP in kg CO, per kg output

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 21.21kg CO,/kg meat.

115C23m

In the 115C 23m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 3: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 21.49kg CO,/kg meat.

23m

In the 23m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Baseline nnovations
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Figure 4: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5446 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

55C 20m

In the 55C 20m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 3238 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.



70C 20m

In the 70C 20m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 3823 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

85C 20m

In the 85C 20m scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the 85C 20m scenario, the farm is herding 85 suckler cows. Given this herd size, the total
livestock density of the farm is 129. The average livestock density per ha (LU/ha) is
simulated to be 1.0. Given the countries average stocking density of 1.35, the case-study is
below to the Belgian mean value. Mainly winter wheat for sale is produced on an area of
51ha. Given the overall variable costs, three quarters of the share is devoted to the buying
of external inputs.

Algael 10

In the Algael 10 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5222 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Algae2 50

In the Algae2 50 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and



subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 36.54kg CO,/kg meat.

Algae3 100

In the Algae3 100 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5261 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Algaed 200

In the Algae4 200 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

In the Algae4 200 scenario, the farm is herding 56 bulls, and 115 suckler cows. The average
livestock density per ha (LU/ha) is found to be 1.4, similar to the countries average value of
1.35. The total livestock density is 175. Mainly winter wheat for sale is produced on an area
of 51ha. Given the overall variable costs, three quarters of the share is devoted to the
buying of external inputs.

Algae5 500

In the Algae5 500 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5307 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Algae6 1000

In the Algae6 1000 scenario, the case study farm BE-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 21.22kg CO,/kg meat.

Algae7 8000

In the Algae7 8000 scenario, the case study farm BE-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

In the Algae7 8000 scenario, the farm is herding 56 bulls, and 115 suckler cows. Given this
herd size, the total livestock density of the farm is 175. The average livestock density per ha
(LU/ha) is simulated to be 1.4. Given the countries average stocking density of 1.35, the
case-study is above to the Belgian mean value. Mainly winter wheat for sale is produced on
an area of 51ha. Given the overall variable costs, three quarters of the share is devoted to
the buying of external inputs.

Algae 10

In the Algae 10 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 57.24kg CO,/kg meat.

Algae 100

In the Algae 100 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 49.96kg CO,/kg meat.



Algae 1000

In the Algae 1000 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5307 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Algae 200

In the Algae 200 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 25.99kg CO,/kg meat.

Algae 50

In the Algae 50 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 49.9kg CO,/kg meat.

Algae 500

In the Algae 500 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the Algae 500 scenario, the farm is herding 115 suckler cows. The average livestock
density per ha (LU/ha) is found to be 1.4, similar to the countries average value of 1.35. The
total livestock density is 175. Winter wheat for sale covers the major part of the farms land



on an area of 51ha. Approximately 14% of the farms overall revenue originate from coupled
and single farm premium schemes.

Algae 8000

In the Algae 8000 scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 5307 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

FRG

In the FRG scenario, the case study farm BE-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 6392 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

FRG 115C 20m

In the FRG 115C 20m scenario, the case study farm BE-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the FRG 115C 20m scenario, the farm is herding 115 suckler cows. The average livestock
density per ha (LU/ha) is found to be 1.4, similar to the countries average value of 1.35. The
total livestock density is 175. Mainly winter wheat for sale is produced on an area of 51ha.
With the herd sizes and crop shares previously described, a yearly workload of 6392 hours
was estimated in the FRG 115C 20m scenario.

Herd Reduction1 100Cows

In the Herd Reduction1 100Cows scenario, the case study farm BE-BF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. With the changes induced by the innovation, the
total calorie efficiency decreased, while the total protein efficiency increased.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 21.52kg CO,/kg meat.

Herd Reduction2 85Cows

In the Herd Reduction2 85Cows scenario, the case study farm BE-BF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. With the changes induced by the innovation, the
total calorie efficiency decreased, while the total protein efficiency increased.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 4399 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Herd Reduction3 70Cows

In the Herd Reduction3 70Cows scenario, the case study farm BE-BF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. With the changes induced by the innovation, the
total calorie efficiency decreased, while the total protein efficiency increased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-BF was estimated to be approximately 22.63kg CO,/kg meat.

Herd Reduction4 55Cows

In the Herd Reduction4 55Cows scenario, the case study farm BE-BF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. Total calorie and protein efficiency both
decreased due to the innovation as well.

As previously stated, the total workload of the the given case-study BE-BF was simulated to
be 3238 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.



BE-CC1

Summary

Since the net efficiency of the baseline is already around 2 for this extensive farm (the
model results are that a grass only based diet is an economic optimum at such low LU /ha),
the considered innovations were mainly focused on the increase of the output: FRG and
changing the farm to a breeder-fattener system.

These innovations increase the profit of 11 and 21%, and reduced the climate impact per kg
of meat produced from 3.5 and 16%. In the breeder fattener system, 43 t of sugar beet pulp
was bought to complement the grass based diet, keeping the amount of feed edible by
human negligible.

I Baseline I Innovations
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Figure 5: Profit (€) whole farm per scenario
BF FRG

In the BF FRG scenario, the case study farm BE-CC1 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-CC1 was estimated to be approximately 26.86kg CO,/kg meat.

FRG

In the FRG scenario, the case study farm BE-CC1 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

- Baseline I Innovations
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Figure 7: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



As previously stated, the total workload of the the given case-study BE-CC1 was simulated
to be 3995 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

BE-CC2

Summary

In the BE-CC2 case study, several innovations have been considered. The first innovations
imply new practices such as Fast rotational grazing, the use of catch crop as winter feed and
a combination of both. A complete re-design of such cow-calf system into a fattener unit of
cross-bred males coming from dairy units has also been considered.

According to the model, FRG is applied on more than 17 ha (over the xx of permanent
grassland). The impact of FRG is double: it allows to produce more grass and increase the
production of these plots. While the quality increase allows to reduce the quantity of
supplementation on pasture, the increase in quantity allows to reduce the grazed surface
and produce more grass silage. It therefore indirectly reduce the use of maize silage and/or
concentrate during winter feeding. The result shows a small profit change (lower than 1%),
and a small but negative impact on GHG emission per kg of carcass produced, meaning that
the fertilisation needed to increase the yield (from 8 to 8.8 tDM per ha) imply more GHG
than the feed production, this statement requires more investigation, in particular the
impact of legumes on the fertilisation is not yet taken into account. In terms of efficiency, a
substancial increase of 24.3%/138.5% is observed on the net energy/protein efficiency,
allowing the farm to reach a net protein efficiency of 2.

In the Catch crop scenario, the model consider the possibility to have Catch crop in the
rotation before the Maize and sugarbeet, representing 18.1 ha. In practice, the assumed
rotation would be WinterWheat -> WinterWheat -> Catch Crop -> Maize silage -> .... The
main implication we found are the production of high quality silage for winter use, reducing
therefore the use of concentrates and increasing by 400% the protein efficiency. This result
shows the interest of the innovation in system combining crops and livestock but need to be
refined at the crop level. In particular, an in depth work on crops rotations and required
fertilization as function of the considered rotations are mandatory to produce more reliable
results.

Combining both innovations seems to indicate that both innovations can be combined to
increase further the system efficiency.
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Figure 8: Profit (€) whole farm per scenario
CatchCrops

In the CatchCrops scenario, the case study farm BE-CC2 decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 9: GWP in kg CO; per kg output

In the CatchCrops scenario, the farm is herding 180 suckler cows. The average livestock
density per ha (LU/ha) is found to be 2.1, well above the countries average value of 1.35.
The total livestock density is 245. Winter wheat for sale covers the major part of the farms
land on an area of 36ha. Given the overall variable costs, three quarters of the share is
devoted to the buying of external inputs.



FRG

In the FRG scenario, the case study farm BE-CC2 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Baseline

novations

10

- - - o o) o o o
e C‘OQ( (@u C‘O\f ‘k\_\__"_c:}v O\\)?@k) o 200 ~ 79" s A

& LR R PR S
W 8P B R @R e
S\ A\ o\ S\ of

Figure 10: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

In the FRG scenario, the farm is herding 180 suckler cows. Given this herd size, the total
livestock density of the farm is 245. The average livestock density per ha (LU/ha) is
simulated to be 2.1. Given the countries average stocking density of 1.35, the case-study is
above to the Belgian mean value. Mainly winter wheat for sale is produced on an area of
37ha. With the herd sizes and crop shares previously described, a yearly workload of 6925
hours was estimated in the FRG scenario.

FRG CatchCrops

In the FRG CatchCrops scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 11: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-CC2 was estimated to be approximately 26.4kg CO,/kg meat.

HFxBB

In the HFxBB scenario, the case study farm BE-CC2 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the HFxBB scenario, the farm is herding no animals. The average livestock density per ha
(LU/ha) is found to be 1.9, above the countries average value of 1.35. The total livestock
density is 219. Winter wheat for sale covers the major part of the farms land on an area of
37ha. With the herd sizes and crop shares previously described, a yearly workload of 10292
hours was estimated in the HFxBB scenario.

HFxBB FRG

In the HFxBB FRG scenario, the case study farm BE-CC2 decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the HFxBB FRG scenario, the farm is herding no animals. The average livestock density
per ha (LU/ha) is found to be 1.8, above the countries average value of 1.35. The total
livestock density is 207. Winter wheat for sale covers the major part of the farms land on an
area of 37ha. With the herd sizes and crop shares previously described, a yearly workload
of 11652 hours was estimated in the HFxBB FRG scenario.



HFxBB FRG 200

In the HFxBB FRG 200 scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-CC2 was estimated to be approximately 8.97kg CO,/kg meat.

HFxBB FRG 250

In the HFxBB FRG 250 scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

In the HFxBB FRG 250 scenario, the farm is herding no animals. The average livestock
density per ha (LU/ha) is found to be 0.8, below the countries average value of 1.35. The
total livestock density is 91. Winter wheat for sale covers the major part of the farms land
on an area of 37ha. With the herd sizes and crop shares previously described, a yearly
workload of 5424 hours was estimated in the HFxBB FRG 250 scenario.

HFxBB FRG 300

In the HFxBB FRG 300 scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

In the HFxBB FRG 300 scenario, the farm is herding no animals. Given this herd size, the
total livestock density of the farm is 109. The average livestock density per ha (LU/ha) is
simulated to be 0.9. Given the countries average stocking density of 1.35, the case-study is
below to the Belgian mean value. Winter wheat for sale covers the major part of the farms
land on an area of 37ha. Approximately 9% of the farms overall revenue originate from
coupled and single farm premium schemes.

HFxBB FRG 350

In the HFxBB FRG 350 scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and



subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-CC2 was estimated to be approximately 7.73kg CO,/kg meat.

HFxBB FRG 400

In the HFxBB FRG 400 scenario, the case study farm BE-CC2 decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-CC2 was estimated to be approximately 7.48kg CO,/kg meat.

BE-D
Summary

The innovations tested were related to the meat production from the male calves produced
in dairy systems. In this case, cross-breeding and the possibility to use sexed semen (female
dairy and male BB). Since we look anly at a part of the complete system, one could just have
a look at the profit changes coming from these innovations.

In one hand, cross-breeding allows to increase the calves revenue thanks to the higher price
of cross breds. On the other hand, it potentially increases the quantity of artificial
insemination and therefore increase the number of unproductive months. In this case, the
profit increase by 3.8%.

When allowing to use sexing, the profit increase further to 6.3% by keeping only the
number of female calves needed for replacement, all other calves are BB cross-bred sold.
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Figure 12: Profit (€) whole farm per scenario
cB

In the CB scenario, the case study farm BE-D decreases its profits compared to the baseline
scenario. The total global warming potential of the farm is decreased by utilising the given
innovation. Total calorie and protein efficiency both decreased due to the innovation as
well.
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Figure 13: GWP in kg CO, per kg output

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-D was estimated to be approximately 10.58kg CO,/kg meat.



CB 2S

In the CB 2S scenario, the case study farm BE-D decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 14: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study BE-D was estimated to be approximately 10.36kg CO,/kg meat.

France

FR.Cant-DCC

Summary

Fr.Cant.DCC is a mixed farm with a dairy herd and mother cow herd that produces
weanlings. The mothercow herd is used to valorize marginal grasslands and pastures that
are too poor for dairy production. WE tested the impact of two fast rotational grazing
scenarios: one with higher yield and one with higher yield and better nutrient composition
in the grass. If only the yield is increased the innovation is not adopted. Short-term the farm
endowment in stable places is not increasing so the herd size cannot be increased hence the
additional yield cannot be utilized. If the nutrient density in the yield is increased, the
amount of concentrates in the ration can be reduced. This leads to savings in GHG, higher
profit and improved calorie and protein efficiency.
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Figure 15: Profit (€) whole farm per scenario
GRASSC1

In the GRASSC1 scenario, the case study farm FR.Cant-DCC decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 16: GWP in kg CO, per kg output

In the GRASSC1 scenario, the farm is herding 50 suckler cows. The average livestock density
per ha (LU/ha) is found to be 1.1, above the countries average value of 0.8. The total
livestock density is 126. Grass silage as a feedstock covers the major part of the farms land
on an area of 62ha. Approximately 22% of the farms overall revenue originate from coupled
and single farm premium schemes.



GRASSC2

In the GRASSC2 scenario, the case study farm FR.Cant-DCC decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 17: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study FR.Cant-DCC was estimated to be approximately 4.44kg CO,/kg meat.

FR.Lor-BF

ALGAE1

In the ALGAE1 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 18: GWP in kg CO;, per kg output

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study FR.Lor-BF was estimated to be approximately 32.04kg CO,/kg meat.

ALGAE2

In the ALGAEZ2 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 19: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4291 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE3

In the ALGAE3 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 20: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4301 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE4

In the ALGAE4 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4302 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.



ALGAES

In the ALGAES scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study FR.Lor-BF was estimated to be approximately 24.52kg CO,/kg meat.

ALGAE®6

In the ALGAE®6 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4298 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE?7

In the ALGAE?7 scenario, the case study farm FR.Lor-BF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study FR.Lor-BF was estimated to be approximately 25.31kg CO,/kg meat.

Crossl

In the Cross1 scenario, the case study farm FR.Lor-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4298 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work



peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Cross2

In the Cross2 scenario, the case study farm FR.Lor-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.

As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4231 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

FRG1

In the FRG1 scenario, the case study farm FR.Lor-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study FR.Lor-BF was estimated to be approximately 25.42kg CO,/kg meat.

FRG2

In the FRG2 scenario, the case study farm FR.Lor-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the FRG2 scenario, the farm is herding 60 suckler cows. Given this herd size, the total
livestock density of the farm is 110. The average livestock density per ha (LU/ha) is
simulated to be 0.5. Given the countries average stocking density of 0.8, the case-study is
below to the French mean value. Mainly winter wheat for sale is produced on an area of
94ha. Given the overall variable costs, two thirds of the share is devoted to the buying of
external inputs.

FRG3

In the FRG3 scenario, the case study farm FR.Lor-BF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency decreased, while the total protein efficiency increased.



As previously stated, the total workload of the the given case-study FR.Lor-BF was
simulated to be 4632 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Fr.Cant-CC

Summary

In the scenario Fr.Cant.CC tested innovations included crossbreeding of Saler and Angus,
fast rotational grazing and male and female sexing. The crossbred animals have a higher
weight gain. The higher intensity leads to a lower conversion efficiency of feed to food
(protein and calories) as the amount of concentrates in the ration increases slightly. The
high yielding animals increase the farms profits and reduce GHG emissions per kg live
weight output. WE conclude that there is a trade-off between feed /food competition and
profit and GWP in the case of higher yielding animals. If combined with the usage of sexed
semen the effect is further increased as more, heavier male calves are born. However, the
usage of sexed semen depends on the genomic potential of the bull: lower yielding Saler
sperm is less profitable as higher yielding Angus bulls. Fast rotational grazing was adopted
if alongside with a higher yield the nutrient composition of the grass is improved, too. If
adopted, FRG is able to improve profits, GWP and calorie and protein efficiency. This is due
to the replacement of concentrates in the feed with the nutrient rich FRG.
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Figure 21: Profit (€) whole farm per scenario
Crossl

In the Cross1 scenario, the case study farm Fr.Cant-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 22: GWP in kg CO, per kg output

As previously stated, the total workload of the the given case-study Fr.Cant-CC was
simulated to be 2548 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Cross2

In the Cross2 scenario, the case study farm Fr.Cant-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 23: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



In the FarmDyn simulation of the Cross2 scenario, the farm herds an average of 79 suckler
cows. Given this herd size, the total livestock density of the farm is 109. The average
livestock density per ha (LU/ha) is simulated to be 1.1. Given the countries average stocking
density of 0.8, the case-study is above to the French mean value. Mainly grass silage as a
feedstock is produced on an area of 72ha. The farm does not produce any arable crops.
Approximately 33% of the farms overall revenue originate from coupled and single farm
premium schemes.

FRG1

In the FRG1 scenario, the case study farm Fr.Cant-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 24: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

In the FarmDyn simulation of the FRG1 scenario, the farm herds an average of 79 suckler
cows. The average livestock density per ha (LU/ha) is found to be 1.1, above the countries
average value of 0.8. The total livestock density is 107. Grass silage as a feedstock covers the
major part of the farms land on an area of 63ha. No arable crops are produced on the farm.
Approximately 39% of the farms overall revenue originate from coupled and single farm
premium schemes.

FRG2

In the FRG2 scenario, the case study farm Fr.Cant-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the FRG2 scenario, the farm is herding 79 suckler cows. The average livestock density
per ha (LU/ha) is found to be 1.1, above the countries average value of 0.8. The total



livestock density is 108. Mainly grass silage as a feedstock is produced on an area of 66ha.
The farm does not produce any arable crops. Given the overall variable costs, half of the
share is devoted to the buying of external inputs.

Sexingl

In the Sexing1 scenario, the case study farm Fr.Cant-CC decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study Fr.Cant-CC was
simulated to be 2566 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Sexing2

In the Sexing?2 scenario, the case study farm Fr.Cant-CC decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study Fr.Cant-CC was
simulated to be 2543 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Sexing3

In the Sexing3 scenario, the case study farm Fr.Cant-CC decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study Fr.Cant-CC was estimated to be approximately 15.09kg CO,/kg meat.

Fr.Lim-CC

Summary

In Lim_CC three innovations have been tested: cross breeding, fast rotational grazing and
the usage of sexed semen. Furhtermore, combinations of the different innovations where



tested, too. The cross bred animals are combinations of Limousin and smaller Angus. The
innovation of cross breeding was only adopted if there was a premium on the sold animals.
In this case profits were increased and GHG emissions reduced. The calorie and protein
conversion efficiency from feed to food of the cross bred animals where lower compared to
the pure bred limousine. They need more fodder to reach the same output level as the
limousine. The impact of fast rotational grazing on the indicators depends on the made
assumptions regarding the nutrient compositions of the output: If the yield is increased by
10% with same nutrient composition as in normal grazing profit, calorie and protein
efficiency are increased due to the replacement of bought feedstuff with the additional
grazing output. GWP is increased as the additional yield is accomplished by additional
fertilizer effort. If the nutrient composition of the fast rotational grazing is assumed to be
improved compared to normal grazing, this effect is outweighed by the saved concentrates.
If the aforementioned Angus-Limousin cross animals are combined with fast rotational
grazing GWP is further decreased as the angus breed is especially well suited to utilize
grasslands. If the farm has the possibility to use sexed semen the production focus of the
farm is shifted to the production of quality heifer meat. This is quite profitable as the case
study farm takes part in a quality heifer sheme with premiums on fattened heifers. The farm
uses the sexing technology to only produce females. If there is angus sperm and a higher
price for cross animals male sexed semen is used to produce male angus cross animals and
pure bred heifers. Sexing leads to increases in profit and GWP per kg live weight as well as
calorie efficiency, because the total live weight output is increased. However, if the total
valuechain of the male weanlings sold is considered (including fattening), this ranking
might change. This indicates the need for further research of the whole production chain.
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Figure 25: Profit (€) whole farm per scenario
Crossl

In the Cross1 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 26: GWP in kg CO, per kg output

In the Cross1 scenario, the farm is herding 78 suckler cows. Given this herd size, the total
livestock density of the farm is 119. The average livestock density per ha (LU/ha) is
simulated to be 1.3. Given the countries average stocking density of 0.8, the case-study is
above to the French mean value. Grass silage as a feedstock covers the major part of the
farms land on an area of 44ha. With the herd sizes and crop shares previously described, a
yearly workload of 2751 hours was estimated in the Cross1 scenario.

Cross2

In the Cross2 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 27: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



As previously stated, the total workload of the the given case-study Fr.Lim-CC was
simulated to be 2759 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

FRG1

In the FRG1 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 28: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study Fr.Lim-CC was estimated to be approximately 18.38kg CO,/kg meat.

FRG2

In the FRG2 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study Fr.Lim-CC was
simulated to be 3129 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.



FRG3

In the FRG3 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the FarmDyn simulation of the FRG3 scenario, the farm herds an average of 78 suckler
cows. Given this herd size, the total livestock density of the farm is 109. The average
livestock density per ha (LU/ha) is simulated to be 1.1. Given the countries average stocking
density of 0.8, the case-study is above to the French mean value. Mainly grass silage as a
feedstock is produced on an area of 51ha. Approximately 29% of the farms overall revenue
originate from coupled and single farm premium schemes.

Sexingl

In the Sexing1 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the FarmDyn simulation of the Sexing1 scenario, the farm herds an average of 78 suckler
cows. Given this herd size, the total livestock density of the farm is 133. The average
livestock density per ha (LU/ha) is simulated to be 1.4. Given the countries average stocking
density of 0.8, the case-study is above to the French mean value. Grass silage as a feedstock
covers the major part of the farms land on an area of 45ha. Given the overall variable costs,
two thirds of the share is devoted to the buying of external inputs.

Sexing2

In the Sexing?2 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study Fr.Lim-CC was
simulated to be 2717 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

Sexing3

In the Sexing3 scenario, the case study farm Fr.Lim-CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study Fr.Lim-CC was estimated to be approximately 15.88kg CO,/kg meat.

Germany

GE.BAV-F
Summary

In GE BAv three innovations have been tested: Algae, fattening of Holstein X BelgiumBlue
cross animals, and the usage of catch crops as feed. The algae scenario follows the same
trend as in the Lor-Bf scenario: starting with a high price algae is used to replace
concentrates in the feed leading to overall positive impacts on the indicators. If prices are
getting lower algae is used to replace roughages (maize silage) leading to a further
improvement of profit calorie and protein efficiency but an increase in GHG emissions.
However, the algae innovation is only adopted at a lower price compared to Lor.Bf
(~400€/t compared to 500€/t) indicating the higher opportunity costs of the baseline feed
rations. The fattening of Holstein X BelgiumBlue cross animals leads to improvements in all
indicators. The animals have a higher weight gain meaning they reach their final weight ata
lower age. This transfer in a lower demand for feed. As the feeding regime in the baseline is
already quite intensive (high share of concentrates) this translates into a net saving of
feedstuff. However, the sold animals are further fattened on other farms. The
environmental, social and economic performance of the final product (beef meat) is
therefore questionable. The usage of catch crops for feed leads to better scores for profit
and protein and calorie efficiency as the additional arable output is used to replace other
feedstuff. However, the additional harvest requires additional fertilizer input which
increases the emissions of GHG. The adoption of catch crops in this case study is limited due
to the high share of maize silage in the crop rotation. Maize silage is harvested late in the
season and therefore it is not possible to plant catch crop after silage maize.
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Figure 29: Profit (€) whole farm per scenario
ALGAE1

In the ALGAE1 scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 30: GWP in kg CO, per kg output

In the FarmDyn simulation of the ALGAE1 scenario, the farm herds an average of no
animals. The average livestock density per ha (LU/ha) is found to be 1.3, similar to the
countries average value of undefined. The total livestock density is 84. Mainly winter wheat
for sale is produced on an area of 39ha. With the herd sizes and crop shares previously
described, a yearly workload of 4800 hours was estimated in the ALGAE1 scenario.



ALGAE2

In the ALGAEZ2 scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 31: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study GE.BAV-F was
simulated to be 4800 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE3

In the ALGAE3 scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 32: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

In the ALGAE3 scenario, the farm is herding no animals. Given this herd size, the total
livestock density of the farm is 84. The average livestock density per ha (LU/ha) is
simulated to be 1.3. Given the countries average stocking density of undefined, the case-
study is above to the German mean value. Winter wheat for sale covers the major part of the
farms land on an area of 39ha. Given the overall variable costs, the major share is devoted
to the buying of external inputs.

ALGAE4

In the ALGAE4 scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

As previously stated, the total workload of the the given case-study GE.BAV-F was
simulated to be 4800 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAES5S

In the ALGAES scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

As previously stated, the total workload of the the given case-study GE.BAV-F was
simulated to be 4800 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work



peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAEb6

In the ALGAE®G scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.BAV-F was estimated to be approximately 2.93kg CO,/kg meat.

ALGAE?7

In the ALGAE7 scenario, the case study farm GE.BAV-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study GE.BAV-F was
simulated to be 4800 hours per year. Due to seasonal shifts within the herd sizes, work
loads for the animals differ between the months. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

CatchCrop for feed

In the CatchCrop for feed scenario, the case study farm GE.BAV-F decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. Total calorie and protein efficiency both
increased due to the innovation as well.

In the CatchCrop for feed scenario, the farm is herding no animals. Given this herd size, the
total livestock density of the farm is 83. The average livestock density per ha (LU/ha) is
simulated to be 1.3. Given the countries average stocking density of undefined, the case-
study is above to the German mean value. Winter wheat for sale covers the major part of the
farms land on an area of 39ha. With the herd sizes and crop shares previously described, a
yearly workload of 4800 hours was estimated in the CatchCrop for feed scenario.

Cross-Breeding

In the Cross-Breeding scenario, the case study farm GE.BAV-F decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
decreased by utilising the given innovation. Total calorie and protein efficiency both
increased due to the innovation as well.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.BAV-F was estimated to be approximately 2.68kg CO,/kg meat.

GE.LS-F

Summary

In GE LS the same innovations as in GE Bav are tested. Algae is used to replace other feed
stuff starting at a price of Algae of ~350€/t. Due to the replacement the farm increases its
profit and calorie and protein efficiency. THe GWP is increased as the replaced feedstuff had
a better carbon footprint compared to the algae. For the cross bred animals we assumed a
higher weight gain in the last fattening stage. The higher intensity in fattening improves the
GWP and profits. The protein and calorie efficiency is decreased because to reach a higher
fattening performance the feedstuff has to have a higher protein and energy content, too,
meaning that more human consumable high-quality protein and calorie has to be fat. The
usage of catch crops as feedstuff improves all impact categories indicating that the impact of
additional fertilizer is outweighed by the replaced feedstuff.
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Figure 33: Profit (€) whole farm per scenario
ALGAE1

In the ALGAE1 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 34: GWP in kg CO;, per kg output

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.LS-F was estimated to be approximately 13.35kg CO,/kg meat.

ALGAE2

In the ALGAEZ2 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 35: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



As previously stated, the total workload of the the given case-study GE.LS-F was simulated
to be 3566 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE3

In the ALGAE3 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 36: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.LS-F was estimated to be approximately 9.52kg CO,/kg meat.

ALGAE4

In the ALGAE4 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study GE.LS-F was simulated
to be 3576 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.



ALGAES

In the ALGAES scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

As previously stated, the total workload of the the given case-study GE.LS-F was simulated
to be 3576 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

ALGAE®6

In the ALGAEG6 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the ALGAEG scenario, the farm is herding no animals. The average livestock density per
ha (LU/ha) is found to be 1.3, similar to the countries average value of undefined. The total
livestock density is 58. Maize silage as a feedstock covers the major part of the farms land
on an area of 29ha. The farm is not endowed with grassland that could be valorized by the
herd. Given the overall variable costs, the major share is devoted to the buying of external
inputs.

ALGAE?7

In the ALGAE?7 scenario, the case study farm GE.LS-F decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the ALGAE?7 scenario, the farm is herding no animals. The average livestock density per
ha (LU/ha) is found to be 1.3, similar to the countries average value of undefined. The total
livestock density is 58. Maize silage as a feedstock covers the major part of the farms land
on an area of 29ha. The farm is not endowed with grassland that could be valorized by the
herd. Given the overall variable costs, the major share is devoted to the buying of external
inputs.

CatchCrop for feed

In the CatchCrop for feed scenario, the case study farm GE.LS-F decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
decreased by utilising the given innovation. Total calorie and protein efficiency both
increased due to the innovation as well.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.LS-F was estimated to be approximately 8.6kg CO,/kg meat.

Cross-Breeding

In the Cross-Breeding scenario, the case study farm GE.LS-F decreases its profits compared
to the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

As previously stated, the total workload of the the given case-study GE.LS-F was simulated
to be 3610 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year. The calvings significantly add to the work
peaks, as displayed by the “Animal Extra Work” area in the graph below. Seasonal work
peaks are additionally caused by the required field work.

GE.NRW-DF

Summary

IN GE-NRW tested innovations where a combination of crossbreeding and sexing, the
growing of catchcrops for feed, and fast rotational grazing. For the cross bred animals we
assumed a higher weight gain in the last fattening stage. The higher intensity in fattening
improves the GWP and profits. The protein and calorie efficiency is decreased because to
reach a higher fattening performance the feedstuff has to have a higher protein and energy
content, too, meaning that more human consumable high-quality protein and calorie has to
be fat. This effect is increased as only the heavier males are raised due to the usage of male
sexed semen. The usage of catch crops as feedstuff improves all impact categories indicating
that the impact of additional fertilizer is outweighed by the replaced feedstuff. Fast
rotational grazing is only adopted if along with the yield the nutrient density is increased,
too. A simple yield increase will not lead to an adoption of the practice. The alternative
usage of the grassland would be higher yielding silage which makes FRG without
improvements in nutrient density obsolete. If there is a higher nutrient density in the
grazed pasture the farm is able to reduce the amount of soy bean meal in the feed ration.
However, as grazed pastures have a lower overall output compared to cut grassland the
farm has to compensate by growing more silage maize on its arable land and buying other
energy feed. The adoption of fast rotational grazing increases profit and improves GWP but
the protein and calorie efficiency are slightly reduced due to the shift to maize silage
instead of grass silage.
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Figure 37: Profit (€) whole farm per scenario
CatchCrop for feed

In the CatchCrop for feed scenario, the case study farm GE.NRW-DF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
decreased by utilising the given innovation. Total calorie and protein efficiency both
increased due to the innovation as well.
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Figure 38: GWP in kg CO, per kg output

As previously stated, the total workload of the the given case-study GE.NRW-DF was
simulated to be 9188 hours per year. Due to homogenous herd sizes, work related to
animals was simulated to remain equal throughout the year. The calvings significantly add
to the work peaks, as displayed by the “Animal Extra Work” area in the graph below.
Seasonal work peaks are additionally caused by the required field work.



FRG1

In the FRG1 scenario, the case study farm GE.NRW-DF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 39: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study GE.NRW-DF was estimated to be approximately 11.88kg CO,/kg meat.

FRG2

In the FRG2 scenario, the case study farm GE.NRW-DF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 40: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

In the FRG2 scenario, the farm is herding no animals. The average livestock density per ha
(LU/ha) is found to be 0.9, similar to the countries average value of undefined. The total
livestock density is 197. Winter wheat for sale covers the major part of the farms land on an
area of 75ha. With the herd sizes and crop shares previously described, a yearly workload
of 9463 hours was estimated in the FRG2 scenario.

Sexing Crosshreeding

In the Sexing Crossbreeding scenario, the case study farm GE.NRW-DF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
decreased by utilising the given innovation. Total calorie and protein efficiency both
decreased due to the innovation as well.

In the Sexing Crossbreeding scenario, the farm is herding no animals. The average livestock
density per ha (LU/ha) is found to be 1.2, similar to the countries average value of
undefined. The total livestock density is 279. Winter wheat for sale covers the major part of
the farms land on an area of 79ha. Approximately 7% of the farms overall revenue originate
from coupled and single farm premium schemes.

Ireland

IE-BMW.CC

Summary

In Ireland cross breeding and fast rotational grazing are already applied by practitioners. In
the case study farm at hand both practices are already used in the baseline. We conclude
from prior TEasgasc programs that there is still a considerable yield gap that farmers in
Ireland can close through improvements in grassland management. The considered
scenarios are therefore 10% additional yield and 10% additional yield with higher nutrient



density on grazed pastures. Furthermore, we introduce the possibility to use sexed semen
with different prices. The first grazing scenario with higher yield results in higher profit and
higher GHG emissions. Profits are increased because the amount of grass silage in the ration
is reduced. Production of silage requires machinery and is therefore costly. GHg emissions
rise due to a greater amount of fertilizer used to obtain the higher yield. If nutrient density
in the grazed grass is higher, too, the savings in silage production and therefore in diesel
outweighs the effect of additional fertilizer and the overall effect is positive on GWP and
profit. Calorie and protein efficiency are not effected as already in the baseline no
potentially human consumable crops and products are used. The farm buys all heifers for
replacement so the sexed semen can only be used to predefine the gender of the sold
weanlings. The technology is adopted at a price ~12€ per cow. Before the price difference
between the male and female weanlings is too small for the innovation to be profitable. If it
is adopted only male weanlings are produced. Profit and GWP are increased. The male
weanlings are heavier/ have a higher weight gain and therefore higher demand for fodder.
In order to sustain and fatten only males the farm has to buy additional concentrates that
bare carbon emissions and could be potentially be consumed by humans. Therefore protein
and calorie efficiency are decreased. Again the sexing technology could still be a viable
innovation to reduce feed /food competition and reduce the environmental burden of
production but then the technology has to be researched in the context of the whole beef
sector.
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Figure 41: Profit (€) whole farm per scenario
FRG1

In the FRG1 scenario, the case study farm IE-BMW.CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 42: GWP in kg CO, per kg output

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study [E-BMW.CC was estimated to be approximately 16.58kg CO,/kg meat.

FRG2

In the FRG2 scenario, the case study farm IE-BMW.CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 43: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



In the FarmDyn simulation of the FRG2 scenario, the farm herds an average of 22 suckler
cows. Given this herd size, the total livestock density of the farm is 28. The average livestock
density per ha (LU/ha) is simulated to be 0.9. Given the countries average stocking density
of 1.3, the case-study is below to the Irish mean value. Grass for grazing as a feedstock
covers the major part of the farms land on an area of 17ha. No arable crops are produced on
the farm. With the herd sizes and crop shares previously described, a yearly workload of
1211 hours was estimated in the FRG2 scenario.

Sexing

In the Sexing scenario, the case study farm IE-BMW.CC decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 44: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IE-BMW.CC was estimated to be approximately 16.27kg CO,/kg meat.

Sexing2

In the Sexing?2 scenario, the case study farm IE-BMW.CC decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.



Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IE-BMW.CC was estimated to be approximately 16.35kg CO,/kg meat.

Sexing3

In the Sexing3 scenario, the case study farm [E-BMW.CC decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the Sexing3 scenario, the farm is herding 22 suckler cows. The average livestock density
per ha (LU/ha) is found to be 0.9, below the countries average value of 1.3. The total
livestock density is 28. Grass for grazing as a feedstock covers the major part of the farms
land on an area of 16ha. No arable crops are produced on the farm. Approximately 40% of
the farms overall revenue originate from coupled and single farm premium schemes.

IE-SE.FF

Summary

In [E-SE the same assumptions regarding FRG are made as in IE-BMW are made: one
scenario with 10% more yield and one with 10% more yield and a higher nutrient density
in the grazed grass. Both scenarios lead to improvements in all impact categories, however
in the second scenario the improvement is greater. Through the additional yield silage and
concentrates in the ration of the animals are replaced. Furthermore diesel is saved as silage
harvest is reduced. However more fertilizer is used to obtain the higher yield. Besides FRG
the fattening of Holstein and Holstein-cross animals from dairy herds on pastures with
different fattening strategies and slaughter ages are tested. Compared to the baseline all
indicators worsen in the Holstein scenarios. The dairy breed bulls have a lower weight gain
potential and a lower end weight and hence a lower overall efficiency compared to beef
breeds. In terms of profit, GWP, and calorie and protein efficiency younger sloughter ages
seem to outperform longer once. In the scenarios with higher slaughter ages, the feeding
efforts to just sustain the animals are summing up leading to the bad indicator scores.
Further research should consider the whole production chain including upstream
emissions from the provision of the weanlings that are fattened.
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Figure 45: Profit (€) whole farm per scenario
FRG1

In the FRG1 scenario, the case study farm IE-SE.FF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 46: GWP in kg CO, per kg output

As previously stated, the total workload of the the given case-study IE-SE.FF was simulated
to be 1606 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months.

Seasonal work peaks are additionally caused by the required field work.



FRG2

In the FRG2 scenario, the case study farm IE-SE.FF decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 47: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

In the FRG2 scenario, the farm is herding no animals. Given this herd size, the total livestock

density of the farm is 63. The average livestock density per ha (LU/ha) is simulated to be
1.5. Given the countries average stocking density of 1.3, the case-study is above to the Irish
mean value. Grass for grazing as a feedstock covers the major part of the farms land on an

area of 26ha. No arable crops are produced on the farm. Given the overall variable costs, the

major share is devoted to the buying of external inputs.
Holstein15M

In the Holstein15M scenario, the case study farm [E-SE.FF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.
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Figure 48: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study IE-SE.FF was simulated
to be 2449 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months. The calvings significantly add to the work peaks, as
displayed by the “Animal Extra Work” area in the graph below. Seasonal work peaks are
additionally caused by the required field work.

Holstein24M

In the Holstein24M scenario, the case study farm [E-SE.FF decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is increased by
utilising the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

In the Holstein24M scenario, the farm is herding no animals. The average livestock density
per ha (LU/ha) is found to be 0.9, below the countries average value of 1.3. The total
livestock density is 38. Mainly grass for grazing as a feedstock is produced on an area of
24ha. The farm does not produce any arable crops. With the herd sizes and crop shares
previously described, a yearly workload of 2319 hours was estimated in the Holstein24M
scenario.

HolsteinCross21M

In the HolsteinCross21M scenario, the case study farm IE-SE.FF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. Total calorie and protein efficiency both
decreased due to the innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.



Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IE-SE.FF was estimated to be approximately 10.42kg CO,/kg meat.

HolsteinCross24M

In the HolsteinCross24M scenario, the case study farm IE-SE.FF decreases its profits
compared to the baseline scenario. The total global warming potential of the farm is
increased by utilising the given innovation. Total calorie and protein efficiency both
decreased due to the innovation as well.

In the FarmDyn simulation of the HolsteinCross24M scenario, the farm herds an average of
no animals. The average livestock density per ha (LU/ha) is found to be 1.0, below the
countries average value of 1.3. The total livestock density is 41. Mainly grass silage as a
feedstock is produced on an area of 36ha. The farm does not produce any arable crops.
Approximately 10% of the farms overall revenue originate from coupled and single farm
premium schemes.

Italy

IT-F.226

Summary

In IT F226 two scenarios are considered: the usage of algae as feed stuff and the conversion
of the production system to pasture based fattening. The usage of algae as feed stuff starts
at 320€/ton. The algae is used to replace concentrates and partially silage maize. By this
profit and protein and calorie efficiency are improved while GHG emissions rise. Algae
bares a higher carbon load then the replaced feed and leads to higher methane emissions of
the animals as the ratio of protein and energy in the algae is less favorable for the animals.
The effect is increased if the price of algae further drops.For the pasture scenario we
assumed that 28ha are permanent grasslands. The idea is that cattle production should take
place on land that cannot be directly used for primary food production. Like in the other
case studies, we divide this innovation into two scenarios: one with low nutrient content of
the grazed grass and one with high nutrient content. In both scenarios profit, protein
efficiency and calorie efficiency are increased. The GWP worsens in both scenario. With a
higher nutrient yield the increase in profit and calorie and protein efficiency increases
further alongside with a lower increase in GWP. The farm is not able to utilize the whole
area of grassland as pasture as it does not fit into the farms production program.
Limitations arise in the herd management and nutrient cycling. Profits are rising as the
efforts for fertilization, plant protection and diesel are reduced. Calorie and protein
efficiency are improved as the arable produce is partially produced to grass that is not
consumable by humans. In order to sustain the herd over the year, especially during the
winter and summer, where grazing is not possible, the farm has to buy additional feedstuff.
Furthermore, the farm uses the pasture to increase its herd as the pasture is more or less
used as a feedlot with a high number of animals per ha. This leads to the increase in GWP
compared to the baseline. The increase in GWP is comparably low and it is questionable, if



the system is better organized and the pasture is fully utilized if it will occur. This could be
subject of future research.
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Figure 49: Profit (€) whole farm per scenario

ALGAE1

In the ALGAE1 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 50: GWP in kg CO, per kg output

In the FarmDyn simulation of the ALGAE1 scenario, the farm herds an average of no
animals. The average livestock density per ha (LU/ha) is found to be 4.0, well above the
countries average value of 0.8. The total livestock density is 132. Mainly maize silage as a
feedstock is produced on an area of 24ha. The farm is not endowed with grassland that



could be valorized by the herd. With the herd sizes and crop shares previously described, a
yearly workload of 2391 hours was estimated in the ALGAE1 scenario.

ALGAE2

In the ALGAE?2 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 51: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study IT-F.226 was simulated
to be 2472 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
ALGAE3

In the ALGAE3 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 52: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

As previously stated, the total workload of the the given case-study IT-F.226 was simulated
to be 2472 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
ALGAE4

In the ALGAE4 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.226 was estimated to be approximately 5.96kg CO,/kg meat.

ALGAES

In the ALGAES scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. With the changes induced by the innovation, the total calorie
efficiency increased, while the total protein efficiency decreased.

In the FarmDyn simulation of the ALGAES scenario, the farm herds an average of no
animals. The average livestock density per ha (LU/ha) is found to be 4.0, well above the
countries average value of 0.8. The total livestock density is 132. Maize silage as a feedstock
covers the major part of the farms land on an area of 32ha. The farm is not endowed with
grassland that could be valorized by the herd. With the herd sizes and crop shares



previously described, a yearly workload of 2478 hours was estimated in the ALGAES
scenario.

ALGAEb6

In the ALGAEG scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study IT-F.226 was simulated
to be 2478 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
ALGAE?7

In the ALGAE7 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study IT-F.226 was simulated
to be 2478 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
GRASSC1

In the GRASSC1 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study IT-F.226 was simulated
to be 3039 hours per year. Due to seasonal shifts within the herd sizes, work loads for the
animals differ between the months.

Seasonal work peaks are additionally caused by the required field work.
GRASSC2

In the GRASSC2 scenario, the case study farm IT-F.226 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and



subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.226 was estimated to be approximately 6.35kg CO,/kg meat.

IT-F.913

Summary

In [tF913 we analyse the usage of algae as feedstuff and the fattening of Holstein-cross bulls
instead of the baseline beef breeds. Algae are adopted as feedstuff starting at a price of
~570€ per ton. All indicators are improved due to the replacement of concentrates in the
ration. IF the price of algae is further decreased more concentrates are replaced. At a price
lower than 200€ maize silage in the ration is replaced with algae leading to increased GHG
emissions as maize silage has a lower carbon footprint compared to the chlorella algae. The
fattening of Holstein cross proves to be more efficient in calorie and protein production and
in terms of GHG emissions. However the price is 30% lower leading to a net loss of the
enterprise if Holsteins are fattened instead of beef breeds, even without the consideration
of upstream impacts from the production of the fattened weanlings.
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Figure 53: Profit (€) whole farm per scenario
ALGAE1

In the ALGAE1 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 54: GWP in kg CO, per kg output

As previously stated, the total workload of the the given case-study IT-F.913 was simulated
to be 5385 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
ALGAE2

In the ALGAE2 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 55: Calorie efficiency in cal/cal. A blue border indicates an inifinite value for the
respective scenario.



Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.913 was estimated to be approximately 7.29kg CO,/kg meat.

ALGAE3

In the ALGAE3 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.
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Figure 56: Protein efficiency in kg/kg. A blue border indicates an inifinite value for the
respective scenario.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.913 was estimated to be approximately 5.8kg CO,/kg meat.

ALGAE4

In the ALGAE4 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

As previously stated, the total workload of the the given case-study IT-F.913 was simulated
to be 5385 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.



ALGAES

In the ALGAES scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is decreased by utilising
the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

In the ALGAES scenario, the farm is herding no animals. Given this herd size, the total
livestock density of the farm is 373. The average livestock density per ha (LU/ha) is
simulated to be 53.3. Given the countries average stocking density of 0.8, the case-study is
above to the Italian mean value. Maize silage as a feedstock covers the major part of the
farms land on an area of 7ha. The farm is not endowed with grassland that could be
valorized by the herd. Approximately 2% of the farms overall revenue originate from
coupled and single farm premium schemes.

ALGAE6

In the ALGAEG6 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

As previously stated, the total workload of the the given case-study IT-F.913 was simulated
to be 5385 hours per year. Due to homogenous herd sizes, work related to animals was
simulated to remain equal throughout the year.

Seasonal work peaks are additionally caused by the required field work.
ALGAE?7

In the ALGAE?7 scenario, the case study farm IT-F.913 decreases its profits compared to the
baseline scenario. The total global warming potential of the farm is increased by utilising
the given innovation. Total calorie and protein efficiency both decreased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and
subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.913 was estimated to be approximately 6.06kg CO,/kg meat.

SCO Cross

In the SCO Cross scenario, the case study farm IT-F.913 decreases its profits compared to
the baseline scenario. The total global warming potential of the farm is decreased by
utilising the given innovation. Total calorie and protein efficiency both increased due to the
innovation as well.

Indicators linked to environmental impacts of the farms overall production were calculated
post simulation. The farms production processes were modeled in detail by FarmDyn, and



subsequently mapped to life cycle inventory data provided by the ecoinvent database.
Resulting from this novel approach, the global warming potential per kg of meat for the
case-study IT-F.913 was estimated to be approximately 5.51kg CO,/kg meat.



