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Abstract 
A partial life cycle balance to assess cumulative energy demand (CED), greenhouse gas (GHG) 
emissions and costs was conducted for fertilizing strategies based on cattle slurry, municipal compost, 
sewage sludge and mineral fertilizer only. CED was found to be the lowest in fertilizing strategies 
based on cattle slurry (19,900 MJ/ha), though less energy is required for transport and application, 
strategies based only on mineral fertilizers require 36,200 MJ/ha primary energy. Same pattern was 
found for GHG emissions, (mineral fertilizer: 7,600 kg CO2eq/ha, municipal compost: 7,000 kg 
CO2eq/ha, sewage sludge 7,200 kg CO2eq/ha, 5,500 kg CO2eq/ha). Differences in CED as well as GHG 
emissions primarily correlate to the amount of applied nitrogen fertilizers. Though, same order was 
found for costs, relative differences are lower, due to a higher relative increase of application and 
transport costs related to transported and applied masses in organic fertilizer strategies, compared to 
the relative decrease of expenditures for supplemented mineral fertilizer. 
 
Introduction 
Nutrient supply via farm yard manure and organic municipal waste allows the reduction of utilizing 
limited resources like the nutrients P and K as well as fossil energy resources. Furthermore farm yard 
manure and municipal waste incur locally and therefore their transport chains are far shorter than those 
of mineral fertilizers. Disadvantageous is their low nutrient concentration. 
Based on KTBL-methods [1, 6, 7] we analysed the effect of replacing mineral fertilizer by farm yard 
manure and municipal organic on greenhouse gas (GHG) emissions, energy demand, and costs in cash 
crop and feed stuff production. 
Therefore, fertilizing strategies with mineral and organic fertilizers and their resulting greenhouse gas 
emissions, energy demand, and costs were compared to each other. Whereas crop rotation, machinery 
equipment and crop yield was assumed to stay unchanged. 
 
Material and Methods 
The life cycle balance includes a part of the life cycle of cattle slurry, municipal compost, and sewage 
sludge, their storage and application and for mineral fertilizer their production and application, 
respectively, as well as nitrous oxide emissions resulting from their application. Cattle slurry is stored 
on farm, whereas sewage sludge and municipal compost is stored on waste water treatment plant and 
compost works, respectively. Mineral fertilizer is stored in regional storehouses. The average distance 
between each of the storages and field is assumed to be four kilometres. Field size is assumed to be ten 
hectares. The fertilizer application process is assumed to be separated into two process steps: transport 
from storage to field and spreading. The fertilizer, therefore, has to be trans-shipped at the field edge 
to the fertilizer spreading machines. For machinery see [1]. The balanced systems consist of a 4-year 
crop rotation including winter rape seed, winter wheat, silo maize and winter barley. Crop yields of the 
same crop were assumed to stay equal between different fertilizing strategies. 
Mineral fertilizer production and transport from production plant to regional storehouses, as well as 
machinery production, is included to the GHG emission, energy and cost analysis, whereas, 
production of organic fertilizers is not included, because they are considered to be by-products of other 
processes like municipal waste treatment and dairy milk production and therefore accounted for these 
processes. 
The applied amount of nitrogen via organic fertilizers is limited by legal restrictions; therefore nutrient 
demand of crops had to be supplemented by mineral fertilizers. Assumed fertilizer application rates, 
fertilizing plans and crop yields are published in [1]. 



Energy demand and GHG emissions consist of the energy content in final energy sources (like diesel 
fuel and electricity) and energy demand for the supply of final energy sources based on primary 
energy for production and supply of input material (machinery, construction material, fertilizer, etc.) 
and related GHG emissions. 
Primary energy demand for diesel fuel equals 45.6 MJ/l and is composed of the net calorific value and 
energy demand for production and supply. 
Primary energy demand for the production of an 83-kW-tractor and an empty load of 5,000 kg equals 
879,500 MJ and releases 104,900 kg CO2eq of GHG emissions. Primary energy demand and GHG 
emissions are assigned to each process step according to the machine utilization extent [2]. 
Primary energy demand of mineral fertilizer production and related GHG emissions include mining 
(e. g. rock phosphate), production of intermediates (e. g. nitric acid) and final products and all 
transport processes up to the farm. This model calculation is based on values published in [3], [8], and 
[4]. 
The system border of the analysed fertilizing strategies includes storage of organic and mineral 
fertilizers. Cattle slurry is stored in a 600 m³ concrete storage tank and mixed with a tractor driven 
liquid manure mixing device. Energy demand for liquid manure storage and municipal compost as 
well as sewage sludge equals 11.6 MJ/m³ and 12 MJ/t, respectively. 
In this example we assumed mineral fertilizer to be stored exclusively in regional storehouses. Mineral 
fertilizer is not stored intermediately on farm, but rather transported directly from regional storehouses 
to the field. Energy demand for mineral fertilizer storage accounts for 35.6 MJ/t, assuming an 80-m³-
storage and a yearly throughput of 120 t fertilizer. 
Input of reactive nitrogen species into the environment via organic and mineral fertilizer, as well as 
ammonia released from storage and application of nitrogen containing fertilizers leads to, via 
nitrification and denitrication, the formation of nitrate, nitrogen and nitrous oxide. The formation rate 
of nitrous oxide is assumed to be 1 % of NH3-N and 1.25 % of other nitrogen species. 
Costs were accounted for application and transport of fertilizers to the field and consist of costs for 
utilities, maintenance, depreciation, imputed interest and wages for each process step (transport and 
application). Costs for fertilizers and storage buildings were also included. 
 
Results 
Regarding single crops in a 4-year-crop rotation and fertilizing strategies based on cattle slurry winter 
rape seed has the highest primary energy demand (7,100 MJ/ha), followed by silo maize (5,400 
MJ/ha), winter wheat (4,200 MJ/ha) and winter barley (3,300 MJ/ha). Differences between crops 
occur mainly due to different amounts of mineral nitrogen fertilizer application rates. 
Comparing mineral and organic fertilizer strategies regarding their energy demand in the whole 4-
year-crop rotation, those based solely on mineral fertilizer has the highest energy input (36,200 
MJ/ha). By far, the highest share in which is accounted for mineral fertilizer production (35,000 
MJ/ha; fig. 2). Fertilizer strategy based on municipal compost and sewage sludge reduce the energy 
demand to 31,600 and 30,700 MJ/ha, respectively, assuming that energy demand for composting 
(58,800 MJ/ha) is not accounted to fertilizing, but rather to municipal organic waste treatment. 
Fertilizing strategy based on cattle slurry only require 19,900 MJ/ha. 
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Figure 1: Energy demand for the fertilizing strategies (without composting) [1] 

 
Comparing fertilizing strategies regarding GHG emissions, those solely based on mineral fertilizer 
shows the highest emissions, as well (7,600 kg CO2eq/ha). Fertilizing strategies based on municipal 
compost and sewage sludge reduces GHG emissions to 7,000 kg CO2eq/ha and 7 200 kg CO2eq/ha, 
respectively. Fertilizing strategies based on cattle slurry reduce GHG emissions to 5,500 kg CO2eq/ha. 
One major source of GHG emissions in all fertilizing strategies is nitrous oxide emissions from soil, 
which is quite, equal between 2,400 and 2,500 kg CO2eq/ha in all compared strategies. The other major 
source is GHG emissions from mineral fertilizer production, which correlates to the amount of mineral 
nitrogen fertilizer and therefore differs between 2,000 kg CO2eq/ha and 5,500 kgCO2eq/ha. Within the 
boundaries of the modeled systems, N2O is the major GHG and contributes between 70 and 75 % to 
the total GHG emissions, second is CO2, which contributes between 23 and 29 % to the total GHG 
emissions, whereas the share of CH4 is only between 1 and 2 % (fig. 2). 
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Figure 2: Greenhouse gas emissions for the process steps and the fertilizing strategies  

 
In all fertilizing strategies, except for cattle slurry, mineral fertilizer has the largest share in total 
process costs (616 €/ha to 1,058 €/ha for sewage sludge and pure mineral fertilizing, respectively; 
fig. 3). In the cattle slurry fertilizing strategy, where mineral fertilizer contributes only to about one third 



of nutrient supply, costs for transport and application are higher (486 €/ha) than expenditures for 
mineral fertilizer (337 €/ha). 
Comparing total costs of fertilizing techniques, those based on cattle slurry is the cheapest (918 €/ha) 
and those solely based on mineral fertilizer is the most expensive strategy (1,139 €/ha) 
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Figure 3: Costs for fertilizing techniques (production of organic fertilizers not included) 

 
Conclusion and perspectives 
The highest possible integration of organic fertilizers into fertilizing strategies minimizes energy 
demand and GHG emissions, and under present mineral fertilizer prices, process costs as well. 
The primary reasons for these findings are by far higher energy demand and related GHG emissions 
from mineral fertilizer production, than those for transport and application of organic fertilizers. Since 
fertilizing techniques based on cattle slurry allow the highest reduction of mineral fertilizer quantity, 
these techniques are the most favourable regarding energy demand and GHG emissions as well as 
process costs under present mineral fertilizer price structure among the four techniques compared. 
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