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Introduction 

Beef is one of the foods that has the greatest climate impact. Thus, there is a need to develop future production strategies, where beef 
has as low a climate impact as possible. Organic male calves from the dairy farm system can be raised as steers or in a variety of calf 
and young bull fattening strategies. The questions is: How will the choice of strategy affect the environmental impact of the beef produced? 
The purpose of this project was to develop strategies for rearing organic young bulls, taking into account feeding strategy, time of year of 
birth and slaughtering and focusing on achieving the lowest possible climate impact. Ten strategies for production of organic young bulls 
and one with organic steer production as a reference were set up and tested by scenario calculations using Life Cycle Assessment (LCA).  

Material and methods  

The ten strategies for production of organic young bulls represent a combination of the time of year when the calves are born, the slaughter 
age, the feeding intensity and the amount of grazing involved. The aim is that these strategies are less climate damaging and at the same 
time profitable for the farmer. In this paper, LCA was used to test how different production strategies (i.e., slaughter time, feeding intensity, 
grazing, etc.) can affect the environmental impact with main focus on carbon footprint per kg meat produced. In Table 1, these strategies 
are defined, and the input and output of the strategies are described. Due to restrictions in the organic rules of production, limiting 
concentrates to constitute a maximum of 40% of the ration, the feeding intensity can never be as high as in conventional fattening 
strategies for young bulls. Thus, strategies 1A, 2A, 3A and 4A represent the most intensive strategies possible. The numbers and values 
presented in Table 1 are based on general knowledge from the conventional system for rearing young bulls (Mogensen et al. 2015, 2016) 
combined with new knowledge about strategies for rearing organic young bulls and data from rearing organic young bulls in a relative few 
numbers of private farms related to the project (Anonymous 2019a, b, Vestergaard et al. 2020a, b). The housing system was deep litter 
in all strategies. 

 

Table 1: Definition of strategies and input-output per produced organic young bull and with steer production as a reference 

Strategy 1A 1B 1C 2A 2B 3A 3B 4A 4B 4C Steer 

Month born Marts Marts Marts June June Sep Sep Dec Dec Dec - 

Feeding intensity, 
finishing (F) 

High Low High High  
+ F 

Low High  
+ F 

Low High Low High  
+ F 

Low 

Age at slaughter, ma 13 17 17 13 17 13 17 13 17 17 26,5 

Days on pasture d 62 170 169 0 184 75 183 183 183 183 336 

Feed intake, kg DMb            

Cow’s milk 55 55 55 55 55 55 55 55 55 55 55 

Concentrate mixture 55 55 55 55 55 55 55 55 55 55 0 

Rape seed cake 38 0 38 69 0 69 0 31 0 31 90 

Barley 573 245 830 584 225 474 231 412 238 773 385 

Barley silage 279 0 278 328 0 232 0 130 0 129 0 

Gras clover silage 692 1064 764 814 872 592 960 346 1132 1009 1804 

Gras clover fresh 211 862 906 0 1067 435 981 881 797 881 1540 

Straw 0 0 0 0 0 0 0 0 0 0 232 

Total kg DM 1931 2316 2964 1937 2309 1939 2317 1934 2312 2970 4102 

kg DMI/kg LWGc 4.9 5.8 5.7 4.9 5.8 4.9 5.8 4.9 5.8 5.8 7.4 

Minerals + vitamins, 
kg 

28 25 37 30 33 27 33 21 33 36 37 

Roughage, % of DM 65 86 68 63 87 74 87 73 86 70 88 

Straw bedding, kg 992 1046 1079 1084 852 801 718 464 920 1186 1239 

Output            

At slaughter, kg LW 440 442 561 443 442 440 443 442 441 561 600 

Carcass, % of LW 52.4 51.4 53.7 52.4 51.4 52.4 51.4 52.4 51.4 53.7 50.5 

Carcass, kg 231 227 301 232 227 231 228 232 227 301 303 
 

a m: months 
b DM: dry matter 
c LWG: live weight gain 
d Strategy 2A with zero grazing have access to an outdoor exercise area  

 
The environmental impact of the ten strategies for production of organic young bulls was estimated using LCA. The functional unit (FU) 
for the LCA was ‘1 kg carcass at the farm gate’. The system covers the primary production at the farm where the animals are raised.  
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This LCA includes the following impact categories: carbon footprint (CO2-eq), land occupation (m2), and effect on biodiversity in term of 
potential disappeared fraction (PDF). Methane emissions were estimated using the equations for young cattle derived from Nordic feed 
experiments (Nielsen et al. 2013), where methane is related to the proportion of concentrated feed in the feed ration and the daily gross 
energy intake. Intake of fresh milk was not included, as it was assumed that it would not give rise to methane production. Details about 
the applied LCA method for estimating the environmental impact of beef can be found in Mogensen et al. (2015, 2016). 
 
The contribution from carbon (C) changes in soil was calculated using the method described by Petersen et al. (2013), where the type of 
crops grown affects whether C is sequestrated or released. Changes in the soil C pool were estimated based on one-year input of C from 
crop residues quantified by the Danish C-tool model (Taghizadeh-Toosi et al. 2014). The method of Petersen et al. (2013) estimates that 
10% of the C input to the soil will remain embedded in a 100-year perspective. C input to soil is the sum of aboveground and below ground 
crop residues with an assumed C content of 45% of the dry matter. Aboveground crop residues are field losses, straw and top etc. left in 
the field, as well as stubble and leaf senescence. While root decay contributes to below ground crop residues.  
 
The indirect land use change effect (iLUC) was estimated according to Audsley et al. (2009) with an average iLUC emission factor of 143 
g CO2/m

2 used for crop production. Effect on biodiversity caused by feed production was estimated according to Knudsen et al. (2017). 
By this method, the number of vascular plants is used as a proxy for biodiversity due to the relation between number of plant species and 
other organisms in the agricultural landscape.  
 
The carbon footprint of the applied organic feeds were calculated following the method from Mogensen et al. (2014). In table 2, the input 
and output of organic crop production is presented together with the resulting carbon footprint per kg DM feed. The starting point is average 
Danish conventional crop yields (Mogensen et al. 2018) and literature values for the relationship between organic and conventional yields 
(FADN statistic, Askegaard 2008). The organic feed crops are assumed to be grown on organic dairy farms in crop rotations with a high 
proportion of grass clover and fertilized with cattle slurry. 
 

Table 2: Input-output per ha per produced type of organic feed and resulting environmental impact 

Feed Barley Barley 
straw 

Rape 
seed 

Rape seed 
cake  

Grass clover 
grazed 

Grass clover 
silage 

Barley silage a 

Input         

Kg total N/ha b 120 140 144 144 106 

Kg P/ha 18 22 22 22 16 

Kg K/ha 89 104 107 107 79 

Output      

Kg DM/ha 3425 2217 5433 6921 4551 

Crop yield, % of 
conventional yield 

78 66 85 85 83 

Carbon footprint (CF),  

g CO2-eq./kg DM 

       

Growing 505 48 908 445 371 300 345 

Processing 8 0 0 17 0 0 0 

Transport 12 12 0 12 0 0 0 

Total CF 525 60 908 474 371 300 345 

Soil C 267 26 323 158 -110 -51 264 

iLUC 397 38 645 316 263 207 314 

CF w. soil C 792 86 1231 632 261 349 609 

CF w. soil C and iLUC 1189 124 1876 948 524 456 923 

Land use, m2/kg DM 2.77 0.27 4.51 2.21 1.84 1.44 2.20 

Biodiversity loss,  

PDF index/kg DM c 

0.80 0.08 1.31 0.64 -0.22 -0.17 0.64 

 

a Harvest by rib 
b Cattle slurry from cubicles stable with N:P:K 4.42 : 0.68 : 3.28 kg per ton slurry (Poulsen et al., 2016), 70% of N is assumed utilized by plants 
c PDF = potential disappeared fraction e.g. biodiversity loss per m2, PDF index takes into account both PDF per m2 per crop grown and land use per kg DM 
of each crop 

 
Results 

The environmental impact from primary production per produced male calf or steer is shown in Table 3. In Figure 1, the different 
contributions to carbon footprint is presented per kg carcass for the 10 strategies with young bulls and the steer strategy.  

The lowest carbon footprint per produced animal as well as per kg meat in term of kg carcass was seen for strategies 1A, 2A, 3A and 
4A. These strategies have a high feed intensity and a low age at slaughter of 13 months. This low CF is due to the lowest feed 
consumption per kg live weight gain among the strategies (4.9 kg TS / kg LWG, Table 1) and a high proportion of concentrated feed in 
the ration (24-35% of total DM). Feed consumption per kg live weight gain affect all the major GHG contributions related to beef 
production; GHG from feed production, methane enteric emissions and GHG from manure management as more kg N is excreted with a 
higher feed consumption per kg LWG. However, there is a trade-off between amount of roughage and concentrated feed in the ration. 
This is due to the fact, that roughage is favourable with regard to the lowest GHG from feed production (Table 2) but the highest GHG 
from enteric methane emission (Nielsen et al. 2013).  

In the strategies with a higher slaughter age of 17 months and still a high feeding intensity (1C, 4C), the carbon footprint per kg of meat 
increases around 6% compared with the 13-mo A-strategies. This is due to an increased feed consumption (5.8 compared with 4.9 kg 
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TS / kg LWG in the A-strategies) with increased age and size of the animal. However, at the same time the potential to produce more 
meat per live animal is higher as carcass weight is increased from 231 to 301 kg per animal in the C-strategies.  

The strategies with a low feeding intensity and slaughter age of 17 months (1B, 2B, 3B, 4B) have the highest carbon footprint per kg 
meat among the strategies with organic young bulls. Feed consumption per kg live weight gain is not higher than in the C strategies, but 
a greater proportion of roughage in the ration increases enteric methane production from the digestion of the feed. In addition, due to 
the low feeding intensity, the amount of carcass produced is the same as in the strategies with 13 months slaughter age and a high feed 
intensity (A-strategies). 

 
As shown in Figure 1, all strategies for raising organic young bulls give a lower carbon footprint per kg carcass than rearing of male 
calves, as organic steers. The carbon footprint per kg carcass including soil carbon changes are 18-32% lower for raising organic young 
bulls compared with that of organic steer rearing. The amount of kg carcass produced in the steer strategies is not higher than from 17 
months at slaughter and a high feed intensity (C-strategies). 
 

Table 3: Environmental impact from primary production per produced male calf or steer as a reference 

Strategy 1A 1B 1C 2A 2B 3A 3B 4A 4B 4C Steer 

GHG per animal produced, 
kg CO2-eq. 

   
        

Feed production 1130 1206 1558 1127 1214 1129 1212 1134 1199 1537 1874 

CH4, enteric  891 1257 1419 880 1265 926 1266 965 1257 1448 2301 

Manure management 679 829 920 715 766 566 730 530 893 971 1364 

Calf 165 165 165 165 165 165 165 165 165 165 165 

Other (straw & energy) 72 75 77 77 63 60 55 40 67 83 96 

GHG total  2937 3532 4139 2964 3473 2846 3428 2834 3581 4204 5800 

Soil C changes e -62 -370 -141 -48 -364 -114 -365 -148 -377 -239 -662 

iLUC 635 653 934 634 660 629 657 627 647 906 1057 

GHG w. soil C 2875 3162 3998 2916 3109 2732 3063 2686 3204 3965 5138 

GWP w. soil C & iLUC 3510 3815 4932 3550 3769 3361 3720 3313 3851 4871 6195 

CF per kg carcass,  

kg CO2-eq. d 

           

CF  12.7 15.5 13.7 12.8 15.3 12.3 15.1 12.2 15.8 14.0 19.1 

CF w. soil C  12.5 13.9 13.3 12.6 13.7 11.8 13.5 11.6 14.1 13.2 17.0 

CF w. soil C and iLUC  15.2 16.8 16.4 15.3 16.6 14.6 16.3 14.3 17.0 16.2 20.4 

Land use (LU),  

ha per animal 

0.44 0.46 0.65 0.44 0.46 0.44 0.46 0.44 0.45 0.63 0.74 

Land use, 

m2/kg carcass 

19.3 20.1 21.7 19.1 20.3 19.1 20.2 18.9 20.0 21.0 24.4 

Biodiversity loss, 

PDF index/kg carcass 

2.5 -0.4 2.1 2.9 -0.5 2.0 -0.5 1.1 -0.4 1.5 -0.7 

a m: months 
b DM: dry matter 
c LWG: live weight gain 
d CF: carbon footprint 
e from growing feed and straw and from manure applied 
 

 

Figure 1. Carbon footprint contributions per kg carcass for the 10 strategies with young bulls and steer as a reference strategy 

 
The lowest land use per kg carcass was seen for the A-strategies. For the B-strategies the land use is only 4-5% higher even though the 
feed use is 18% higher. This is due to that more roughage is included in the ration with a higher crop yield per ha. The highest land use 

-5,0

0,0

5,0

10,0

15,0

20,0

25,0

1A 1b 1c 2A 2B 3A 3B 4A 4B 4C Org
Steer

Carbon footprint per kg carcass, kg CO2 including soil C 
Feed og minerals
CH4, enteric
Manure management
Calf
Other
Soil C



Pre-Conference on Animal Husbandry 21-22 September 2020 
linked to the 20th Organic World Congress in Rennes, France on 21-25 September 2020 

Organized by IFOAM Animal Husbandry Alliance (IAHA) 

 

 

per kg carcass is seen for the C-strategies, with same feed consumption as the B-strategies but due to more concentrated feed in the 
ration with the lower crop yield per ha. 
 
Only when it comes to the effect on biodiversity, the B-strategies with the lowest feed intensity and a high proportion of feed from grass 
clover in the ration (82-84%) are the most favourable strategies. The only feed crop grown with a positive effect on biodiversity 
compared to natural forest is grass where the biodiversity is increased. 

Conclusion 

Rearing of organic male calves as young bulls decreases carbon footprint per kg carcass compared with organic steers. The carbon 
footprint per kg carcass including soil carbon changes are 18-32% lower for raising organic young bulls compared with that of organic 
steer rearing. The A-strategies with a high feeding intensity and a slaughter age of 13 months have the lowest carbon footprint per kg 
meat. This is due to the lowest feed consumption per kg live weight gain and a high proportion of concentrated feed in the ration. In the 
C-strategies, increasing the slaughter age to 17 months and keeping the same high feeding intensity as used for the A-strategies, the 
carbon footprint per kg of meat increases around 6%. This is due to an increase in feed consumption for older animals. Finally, the B-
strategies with a low feeding intensity and a high slaughter age (17 months) give the highest carbon footprint per kg meat among the 
rearing strategies compared for organic young bulls, as a greater proportion of roughage in the ration increases enteric methane production 
from the digestion of the feed.  
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