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Abstract 
Detailed models for the calculation of GHG emissions, energy, nutrient balances and costs of the 
individual farming activities were linked in order to assess the environmental and economic effects of 
mitigation measures for whole farm systems. This study focuses on greenhouse gas (GHG) emissions 
from dairy production. An optimized N-management in feed cropping with low emission techniques 
for spreading manure can save up to 10 % of total greenhouse gas emissions. Even greater (-20 %) is 
the mitigating effect of slurry digestion in a biogas plant due to avoided methane emissions during 
slurry storage and by substituting fossil electricity and heat. The use of high-performance dairy breeds 
reduces GHG emissions per kg milk as compared to dual-purpose breeds by 30 %. Assuming a 
constant meat production, however, this reduction is outbalanced by emissions from additional cattle 
fattening.  
 
Introduction 
The recycling and management of organic residues, especially livestock manure, is crucial for the 
sustainability of agricultural production systems. To avoid trade-offs, environmental as well as 
economic issues of manure management have to be considered from an integrative farm perspective. 
Individual farming activities are often not modelled in detail in agricultural life cycle assessment and 
economic issues are in most cases neglected. Therefore, detailed models for the calculation of 
emissions, energy nutrient (N, P, K) balances and costs in the individual farming activities were linked 
in order to assess the environmental and economic effects of various mitigation measures for whole 
farm systems.  
In this study we focus on the calculation of greenhouse gas (GHG) emissions from dairy production. 
The effect of selected management options in dairy and feed production on total GHG emissions is 
evaluated. 
 
Material and Methods 
KTBL developed farm branch models for dairy farming, feed and cash crop, as well as biogas and hog 
production. The farm branch models were combined to a single whole farm model focusing on 
material flows of nitrogen and carbon and emissions of its greenhouse gas relevant species (GHG-
emissions), on energy flows, ammonia emissions and nitrate leaching and related production costs 
(figure 1).  
 



 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Product flows and branches in the KTBL-whole farm model for ecological-economical 
assessment  

 
This whole-farm-model is suitable to assess the effect of different measures on GHG-emissions and on 
mitigation costs in different scenarios. Calculations follow the general approach of life cycle 
assessment according to the ISO 14040 series. KTBL planning and ecoinvent inventory data [1,2,3] 
are supplemented by farm survey data. Upstream processes, e.g. fertilizer production, are taken into 
account. In this study mitigation options were considered that have an evident effect on total GHG 
emissions or that are perceived as important by the public. GHG emissions were calculated for 
1,000 kg energy corrected milk (ECM) and a constant amount of 54 kg beef as side product. Reduced 
beef production as side-effect of some of the considered measures was taken into account by adding 
GHG emissions of additional beef production from suckler cows (system expansion method [4]). 
These results are shown separately. We modelled the effects of the following mitigation options:  

- Increased productive lifetime: Fleckvieh cattle (dual purpose breed) was assumed in 
production for 6 lactation periods instead of 3; Cattle breed: Holstein Friesian cattle (milk 
breed) with an annual milk production of 10,000 kg ECM instead of Fleckvieh cattle with an 
annual milk production of 6,000 kg ECM. 

- N-management in feed production: Slurry applied on grassland is incorporated (injection 
technique) instead of broadcasting, nitrogen loss of ammoniacal nitrogen (TAN) in cattle 
slurry was assumed to be reduced from 60 % to 24 %. Slurry applied on arable land is 
incorporated immediately (slurry cultivator) instead of incorporation after 4 h, reducing 
nitrogen loss of TAN in cattle slurry from 24 % to 10 %. Due to optimized nitrogen 
management, on grassland as well as on arable land it was assumed that N-surplus is reduced 
from 50 kg N/ha to 20 kg N/ha 

- Slurry management: Cattle slurry was assumed to be digested in a biogas plant, the digestate 
being stored in close, gas-tight tanks, instead of storing cattle slurry in open tanks, thus 
preventing CH4 emissions from storage. Biogas use for electricity production was assumed, 
replacing the common end-user electricity mix and 1.5 % of total produced methane to be 
emitted (trough diffuse emissions and cogeneration unit methane slip) during the biogas 
electricity production process. 

These mitigation options were considered separately as well as in combination. 
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Results 
Greenhouse gas emissions from dairy farming ranged from 1.24 to 2.08 kg CO2eq for the coupled 
production of 1,000 kg ECM and 54 kg beef, depending on the combination of measures. Main 
sources of emissions are enteric CH4 production (45 to 51 %), fodder production, mostly from the 
production of mineral fertilizers and N2O emissions from arable soils (36 to 45 %). CH4 (and N2O) 
emissions from manure stores amount to 10 to 13 %.  
An increase in the annual ECM yield per cow from 6,000 kg to 10,000 kg results in higher GHG 
emissions per cow. Yet, if a constant ECM production at the farm level is assumed, the GHG 
emissions are lower (-32 %) because the same amount of milk can be produced by fewer cows. By 
compensating the reduced beef production from dairy herds with beef from suckler cow production, 
the effect of an increased milk performance on total GHG emissions is clearly outbalanced and total 
GHG emissions are increased by 16 % (figure 1) [5]. Slurry digestion in a biogas plant saves 22 % of 
total GHG emissions due to avoided methane emissions during slurry storage and by substituting fossil 
electricity and heat (figure 2). Even greater (-24 %) is the mitigation effect of an optimized N-
management in feed cropping in combination with low emission techniques for spreading through 
reduced nitrous oxide emissions from soils and reduced GHG emissions from the production of 
mineral fertilizers. A combination of both, slurry digestion in a biogas plant and an optimized N-
management, results in a 30% reduction of GHG emissions (figure 1). An additional increase in the 
productive lifetime of cows has an insignificant effect on total GHG emissions (1.3 %, data not 
shown). With 6 lactation periods instead of 3, fewer animals are needed for restocking, but this is 
outbalanced by a corresponding decline in beef production with respective compensation by beef from 
suckler cows.  

 

 
 

Figure 2: Modelled GHG emissions. Scenarios: Increased milk yield with compensation of beef 
production; gas-tight storage of slurry with biogas production; combination of biogas production with 

improved manure application and reduced N-surpluses  
 
 



Conclusion and perspectives 
The combination of different measures on a dairy farm shows a great potential for the mitigation of 
GHG emissions: The calculated difference between minimum and maximum emission is 40 % of the 
maximum value. However, as illustrated by the integration of beef production into the assessment, the 
results greatly depend on the system boundaries. The possibility to implement mitigation measures 
strongly depends on their economic feasibility. Some effective measures depend on financial support. 
This is true for the considered treatment of slurry in biogas plants, especially if smaller biogas units 
suitable for single farms are considered. On the other hand, in the presented calculations the increase 
in costs for improved slurry application (approx. 0.8 € m-3 slurry) is more than compensated by the 
savings for decreased demand for mineral fertilizer. 
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