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Abstract 

High-intensity animal farming regions are characterised by the production of animal manure nutrients in 

surplus of what can sustainably be used on the agricultural land. Theoretically, farms in those regions have a 

high potential for improving their overall productivity and environmental performance by implementing 

general nutrient and particular animal manure nutrient best management practices (BMPs). In reality, 

reducing animal manure application to a sensible degree leads to more costs for the export of surplus animal 

manure to other regions. If a nutrient BMPs framework is to be successful in regions with excess animal 

manure production, an optimization of animal manure distribution and transportation at lowest costs is a key 

element as it positively influences the farms’ profitability. This case study from Germany provides a model 

for this purpose. A regional material flow management for animal manures based on this model will enable a 

substitution of mineral fertilizers with animal manures in regions with little animal farming. At the same 

time, environmental problems caused by manure over-application in the surplus regions can be reduced. 

Combining nutrient BMPs with models like this can help farmers in high-intensity animal farming regions 

and adjacent regions to increase productivity, profitability, system sustainability, and environmental 

protection. 
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Introduction 

High-intensity animal farming regions are characterised by the production of animal manure nutrients in 

surplus of what can sustainably be used on the agricultural land. These regions often have a history of long-

term over-application of manures with associated nutrient accumulation in the soils and nutrient loss to 

groundwater, surface waters and surrounding ecosystems. To prevent such adverse effects more or less 

extensive legal regulations regarding mineral fertilizer and animal manure application have been passed 

since the 1990s in most parts of the developed world. In Europe, national fertilizer ordinances implement the 

EC Nitrates Directive (1991) and regulate fertilizer use on the farm level. In some countries like The 

Netherlands, Belgium or Germany this leads to extensive and often costly animal manure exports from high-

intensity animal farming regions to adjacent regions with lower animal densities (Wossink et al. 1992, 

Lauwers et al. 1998).  

 

Theoretically, farms in high-intensity animal farming regions have a high potential for improving their 

overall productivity, system sustainability and environmental performance with the implementation of 

general nutrient and particular animal manure nutrient best management practices (BMPs). Most nutrient 

BMPs are more specific than general legal regulations as they aim at the right nutrient source at the right 

rate, right time, and right place. Through consideration of parameters such as the local soils, the crop nutrient 

demand and the animal manure nutrient composition, nutrient BMPs can facilitate specific applications of 

animal manures in combination with supplementary mineral fertilizers. At stable crop yields, the result is 

either a decrease of the total amount of animal manures applied or a partial substitution of mineral fertilizers 

or both. 

 

In reality, the adaptation of animal manure nutrients BMPs in high-intensity animal farming regions is 

hampered by their own aims: Reducing the application of animal manure to a sensible and sustainable degree 

leads to more excess animal manure than legislation “generates” and hence to more export costs. This can 

decrease monetary farm success considerably. If an (animal manure) nutrient BMPs framework is to be 

successful in regions with excess animal manure nutrients production, a regional optimization of animal 

manure distribution and transportation at lowest costs is a key element as it directly and positively influences 
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the farms’ profitability. 

 

This case study from Germany highlights the need for a transport optimization scheme for animal manures to 

complete existing nutrient BMPs in high-intensity animal farming regions. It gives an example of a model 

which allows optimization of the distribution and transport of the animal manures in and between the 

administrative districts of north-west Germany at lowest costs. The model aims at avoiding manure over-

application in the surplus districts and at the same time making use of the fertilizer value in districts with 

lower animal densities. Similar modelling approaches have so far considered the farm level instead of whole 

regions (Wossink et al. 1992) or “close” or “far” distances instead of actual distances (de Mol and Beek 

1991). In all cases, the animal manure transport systems were modelled under the premise that the animal 

manure had to be disposed of instead of making use of the fertilizer value. 

 

In this study, the most appropriate nutrient BMPs adapted to the actual land use, soils and surrounding 

ecosystems of specific smaller scale regions, farms, or fields are disregarded. The transport optimization 

module is being developed as an additional tool which can be used both on an aggregated regional level (for 

policy decision makers) as well as on the farm or field levels with site specific geographic information (for 

advisory services and extension). 

 

Methods 

Study area: Lower Saxony, north-west Germany 

In Lower Saxony, a federal state in north-west Germany comprising 2.6 million hectares of agricultural land 

and 45 administrative districts, two major agricultural production zones can be distinguished. The north-

western districts are dominated by dairy farming and high-intensity animal agriculture with high farm animal 

densities. Animal manure export to other districts is necessary but costly – especially for pig and cattle 

slurries that have high water contents. Long-term over-application of animal manures substantially increased 

overall and plant available soil phosphorus (P) contents (Leinweber 1996). The level of animal manure 

application decreased due to the first German Fertilizer Ordinance (DüV 1996). Yet, soil P accumulation 

slowly continues because legislation focuses on restricting nitrogen (N) application and N balance surpluses 

and because animal manures are usually applied based on crop N needs. As especially pig and poultry 

manures have high P contents, the amount of P applied to the soils usually exceeds the amount of P needed 

for crop growth. In the south-eastern and eastern districts intensive arable farming prevails. The majority of 

the crop nutrient demand is covered by mineral fertilizers. Long-term under-application of expensive mineral 

P fertilizers has resulted in large areas with low plant available soil P contents.  

 

Input parameters for the model 

The relevant parameters impacting on animal manure transports and their costs are quantity and quality of 

the manures produced and the capacity of land use systems to utilize manure as fertilizer.  

 

The 29 animal manure classes considered in the model were determined by using district level data on 

number of farm animals sorted by species, use, age, and weight (LSKN 2004, TSK 2008). These were 

combined with the general reference values on N and P excretion of the farm animals and average amount of 

manure produced by the animals (LWK 2007). A simplifying assumption was made for the type of manure 

produced: all pig and all cattle manure was considered being slurry, all poultry manure was considered being 

solid manure. 

 

The N and P demand of a total of 16 land use classes was derived by the combination of agro-statistics 

(LSKN 2008a) with average yield levels (LSKN 2008b) and fertilizing advice (LWK 2008). 

 

Modelling 

To optimize the distribution of manure nutrients at lowest transportation costs a linear optimization model 

was developed (Biberacher et al. 2009). Assumptions for the modelling are that each district can provide 

nutrients in animal manures and that each district comprises areas of various land uses with a specific 

nutrient demand. The extent to which the manures are transported depends on local manure production, 

scenario constraints on manure nutrient application and manure availability after transportation between 

districts as depending on the constraints. The modelling language is GAMS (General Algebraic Modelling 

System). The model is linked to an Excel template for data input and result visualization. Its output is the 

optimal animal manure distribution to the agricultural land and the minimal animal manure transport 
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between all districts at lowest overall transportation effort. An additional output is the definition of animal 

manure nutrient deficient or surplus districts as depending on the constraints. 

Two scenarios are used for this study. Scenario 1 serves a baseline scenario with compliance to the minimum 

legal regulations for animal manures. According to the German Fertilizer Ordinance (§5 DüV 2007), a 

maximum of 170 kg N/ha/a from animal manures may be applied to the farm land. Scenario 2 simulates the 

adaptation of nutrient BMPs that aim at no further increase of the high plant available soil P levels in the 

high-intensity animal farming districts. Covering 100% of the crop nutrient demand by organic manure 

nutrients is not a sensible option from many viewpoints, e.g. regarding plant nutritional and nutrient leaching 

aspects. In scenario 2, animal manure P and N may be applied up to 80% of the crop demand.  

 

Results and Discussion 

Restricting animal manure application to a maximum of 170 kg N/ha/a (scenario 1, Figure 1a) results in far 

less extensive manure transportation activities between the districts of Lower Saxony than the constraints of 

scenario 2 that restrict animal manure application to a maximum of 80% of the crop nutrient demand (Figure 

1b, 1c). In the model, most western districts with comparatively high animal densities become manure 

surplus districts and have to export manure in scenario 2. A total of 3 million tons of manure is exported 

from 19 surplus districts. Nevertheless, most of the manure is used locally in the districts of origin. The 

liquid slurries are mainly used locally to cover the local crop nutrient demand or, if districts are surplus 

districts, are exported into districts close by. A detailed view into the manure exports from Cloppenburg 

(CLP) district shows how the model gives preference to the transportation of water rich slurries to the close 

vicinity only (Figure 1b, 1c). In contrast to the slurries, poultry dung is transported to the more distant 

districts because of its low water and high nutrient content.  

 

 
Figure 1. Modelling results: Manure transport and distribution in scenario 1 (Figure 1a) under compliance with 

§5 DüV (2007) (max. 170 kg N/ha/a) and in scenario 2 (Figure 1b and 1c) if animal manure P and N may cover a 

maximum of 80% of the crop demand. Figure 1a and 1b depict the least possible transport effort of manures 

between the districts in Lower Saxony at model constraints. Bold/slim arrows indicate large/small manure flows. 

Figure 1c gives an example of how the model distributes the different types of manure from a surplus district 

(Cloppenburg, CLP) to the receiving districts in scenario 2. The cumulative terms of poultry dung, pig slurry 

and cattle slurry contain the 29 manure classes of the model. Figure 1d shows the location of Lower Saxony in 

Germany and Europe. 

 

Even at transport optimization as simulated by the model, costs associated with the export of excess animal 

manure are high. In reality, these costs were even higher due to the lack of the universal knowledge of supply 

and demand that the model has. These figures show that an actual adaptation of nutrient BMPs that indirectly 

increase animal manure surpluses in the high-intensity animal farming regions can only be expected if the 

farmers will be able to give away excess animal manure for little money or for free or if they can even make 

profits. Hence, a basic model setup as presented in this study can considerably contribute to reaching the 

overall aims of nutrient BMPs: to help farmers in high-intensity animal farming regions and the adjacent 

regions to increase productivity, profitability, system sustainability, and environmental protection. However, 

modifications in the model setup are required before that. The current setup of the model is regional, based 

on aggregated data, and aims at policy makers. Advisers for farmers or animal manure transport agencies 
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need different setups which include site-specific geographic information. The model can be easily adjusted 

for such purposes. 

 

Conclusion 

A framework for nutrient BMPs in high-intensity animal farming regions must comprise a solution for 

transport optimization of animal manures to become accepted. A regional material flow management for 

animal manures based on models like this will enable a reasonable substitution of often expensive, limited 

and energy-intensive mineral fertilizers with animal manures in regions with little animal farming. At the 

same time, environmental problems caused by manure over-application can be reduced in high-intensity 

animal farming regions.  
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