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Abstract  
In the context of Batfarm European project [1], a tool to assess the benefits of application of Best 
Available Techniques (BAT) for livestock waste management at the farm level was developed. The 
aim of the work was to evaluate gas emissions and product compositions for solid and liquid manures 
from Swine, Cattle and Poultry livestock through on farm treatments applied after storage. 
With this tool, selection of manure treatment from a list (aerobic nitrification/denitrification, anaerobic 
digestion, mechanical phase separation, composting, storage and settling) allows to calculate the 
composition of the end products and also ammonia and greenhouse gas emissions. 
Results deal with the environmental benefits of the possible processes and also with the agronomic 
properties of output products. 
 
Introduction  
Available techniques to reduce the negative environmental impacts from livestock manures are rarely 
used: amongst the reasons are a perceived high cost, confusion of the benefits and a lack of 
demonstration on technical impact.  
For gas emissions and water pollution, different European directives give constraints to farmers. The 
Nitrate directive (91/676/EEC) and the IPPC directive (replaced by 2010/75/EEC directive) give 
objectives on nitrogen management. Through the 1999 Gothenburg Protocol and work of the IPCC, 
the aim is also to reduce gas emissions including ammonia, methane, nitrous oxide and carbon 
dioxide.  
On another hand, as land spreading is the prior destination of manures, composition of the end 
products has to respect the agronomic needs where N / P / K contents are key parameters but therefore 
pay attention to dry matter contents, organic matter, pH, or copper and zinc. 
To get these targets, the farmer can apply some Best Available Techniques (BATs) to livestock 
manure management. These BATs for manure treatments are described in the BREF-IPPC [2] 
document and can be applied to Pig, Poultry and also to Cattle manures. 
For any farmer who needs to make a choice, performances of these BATs are difficult to assess 
because: 

- Working range for BATs is usually wide. 
- Performances are linked to the input product and local conditions. 
- Processes combine several BATs together. 

The aim of this work is to establish a scientifically based protocol for an evaluation of the 
environmental efficiency of existing options for minimizing the negative environmental impacts on 
water and air of livestock wastes originating from pig, poultry and cattle farms through manure 
treatment processes. 
The result will be to obtain a standardized method for evaluating the efficiency of various 
environmental technologies implemented in livestock farms for manure treatment. The parameters that 
will be controlled are those related to the nitrogen and carbon cycles, and also assess the 
contamination of the air by ammonia, nitrous oxide and methane. 
 
Material and Methods  
Model description 
Considering different type of manures, the calculation tool assesses the output product composition 
and gas emissions through a treatment process. The manure treatment process follows the general 
chart given Figure 1. It's a combination of six sub-models that are chained together. Four major 
treatments are Aerobic Nitrification/denitrification, Anaerobic Digestion, Phase Separation and 
Composting. They can be associated or compared with Storage and Gravity Settling. 



 
Figure 1, General Flowchart of the assessment tool  

 
With the major types of livestock developed in western region of Europe, the model looks at the 
effects of treatments on composition and gas emissions. 
 
Table 1. Selection of the origin of manures and associated parameters 

Origin 
Pig 

slurry 
Dairy 
slurry 

Fatt. 
Calves 

Beef 
slurry 

Dairy 
Manure 

Fatt. 
Calves 

Beef 
Manure 

Fatt. Pig 
Manure 

Broiler 
Manure 

Liquid / Solid liquid liquid liquid liquid solid solid solid solid solid 
Total Matter  TM tons          
Dry Matter  % TM 4.2 8.0 5.0 5.0 20.0 15.0 25.0 30.8 62.4 
Organic Matter  % TM 3.0 6.7 3.4 3.4 16.2 12.6 20.3 24.2 53.4 
Tot-N  gN/kg TM 4.0 2.9 2.8 2.5 6.2 5.3 5.6 9.4 31.6 
N-NH4+  gN/kg TM 2.8 1.6 1.7 1.5 0.6 0.5 0.6 3.0 5.1 
C / N ratio 4.1 12.5 6.4 7.2 20 15 25 15.5 12 
Bo  m3 CH4/kg VS 0.290 0.210 0.203 0.203 0.204 0.204 0.204 0.300 0.222 
Phosphorus  gP/kg TM 1.19 0.60 0.82 0.69 1.21 1.55 1.52 3.36 11.48 
Potassium  gK/kg TM 2.20 3.00 3.03 2.39 7.19 5.73 5.31 11.62 28.71 
Copper  mgCu/kg TM 40 5 5 5 10 10 10 120 30 
Zinc  mgZn/kg TM 65 12 12 12 25 25 25 200 286 
% of CH4 in Biogas 66.0 60.9 60.9 60.9 63.7 63.7 63.7 60.0 54.1 
 
These default values for different types of manures are selected from a database [6] that gives 
composition for about 200 types of manure based on a bibliographic study. 
 
Phase Separation: Screw Press or Centrifuge Decanter 
This module calculates composition of solid fraction and liquid fraction through mechanical separation 
process for an input liquid product. The model is defined through two major parameters: the 
percentage of input Dry Matter kept in the solid fraction and the Dry Matter content of the solid 
fraction. Other parameters such Total Matter, N-NH4, K, Cu, Zn separation factors are linked through 
a reference situation [3] and a linear rule. Main benefits of the technique are Dry Matter concentration 
and Phosphorus removal for Centrifuge Decanter. This BAT can be applied solely, either prior or after 
a main treatment. No gas emissions are considered within this module. 
 
Aerobic Nitrification / Denitrification 
This treatment allows a drastic reduction of ammonia content of liquid slurries as described by Loyon 
& al [3]. Key parameters are the percentage of remaining ammonia and the reduction of organic 
matter. The treatment efficiency is related to some emission factors. A balance is established for all 
other product parameters including duration, rain and evaporation. First interest of the BAT is the 
Nitrogen removal from the product. Moreover, gas emissions from the remaining product are reduced. 
 



Anaerobic Digestion 
This process can accept liquid slurries and solid products with the limit of 15% of Dry Matter. The 
model considers that the treatment is optimized for production of 70% of biomethanogenic potential 
established on the average of several references. With this process, gas emissions are due to leakage, 
and partial burning of gas in case of cogeneration. Those factors are in accordance with IPCC 
recommendations [4]. Balance is calculated for all digestate parameters from the emissions. 
The model allows addition of an optional co-product from a limited list. This BAT is used for energy 
recovery and has an effect on carbon emissions. However, the digestate composition is different from 
the input manure. 
 
Composting and storage of solid manure 
This treatment can be applied to solid manures but also to solid fraction from phase separation 
processes. Gas emissions are calculated through emission factors modulated by effects of temperature, 
number of turnings, duration and manure type following the method described by Rigolot & al [5]. 
Same calculation is applied for storage and composting; difference is duration and turning number. 
Expected benefits are mass reduction, decrease of pathogen load (not in the scope of this part of the 
Batfarm project) and improvement of fertilizing value. 
 
Liquid storage 
This module calculates gas emissions from liquid products as reference situation or after treatment 
considering the mean duration of storage and climatic conditions. The model follows the method 
described by Rigolot & al [5] for ammonia and IPCC [4] for methane and nitrous dioxide, with the 
addition of water and other components contents balance. Possible effect of storage covering can be 
applied.  
 
Gravity settling 
This module calculates composition of supernatant and sludge when gravity decantation is applied to 
liquid storage system. Calculation is based on separation factors from Loyon & al [3]. Key parameter 
is the quantity of taken sludge; other parameters are linked following a linear rule. No gas emission is 
calculated at this stage as emissions are already included in liquid storage module. Benefit is to get 
sludge with a higher dry matter content. 
 
Results 
None of the previous treatments except storage can be applied alone; therefore 26 treatment processes 
and about 185 process parameters are defined. Default climatic values and few user entries allow 
getting an overall assessment. Few examples are following. 
 
Aerobic Nitrification / Denitrification 
This treatment was applied to 285 tons of pig slurry and compared to single tank storage (80 days) 
with climatic conditions of Brittany. Results (figure 2) show the expected reduction of nitrogen, but 
also the decrease of DM content, the drastic modification of the N-NH4 / Tot-N ratio, the C / N and P / 
N ratios. Aerobic Nitrification/Denitrification generates a huge increase of C / N and P / N leading to 
important changes of agronomic value of the end product, and consequently the possible uses of such 
products. 

 
Figure 2. Comparison of output products for Storage vs Aerobic Treatment 



Gas emissions (figure 3) show a large reduction of methane, using aerobic treatment, while the effect 
of nitrous dioxide becomes major, even if total emissions are lower. 
 

 
Figure 3. Greenhouse Gas Emissions (in kg eq CO2) for Storage vs Aerobic Treatment  

 
Anaerobic Digestion 
This example shows (figure 4) the product changes when applying anaerobic digestion (AD) process 
to 120 tons of Dairy cattle slurry compared to single tank storage (80 days) with Brittany climatic 
conditions. Firstly, a comparison named "AD simple" is made considering the effects of the process 
applied to the slurry alone. Secondly, a second case named "AD + Phase Sep." shows a more realistic 
scenario with addition of 15 tons of fruits & vegetable wastes and post-separation of the digestate with 
centrifuge decanter. 
 

 
Figure 4. Comparison of output liquid products for Storage vs Anaerobic Treatments 

 
Comparison of the N / P / K ratio of outputs products will affect the farmer strategy for land spreading 
but also in the selection of BATs to implement. 
 
Conclusion and perspectives  
This work has shown the interest of combining and comparing the effects of manure treatment 
strategies. As the on farm situations can be very different, such a tool will be always necessary to 
assess and to select the suitable treatment. 
Next step is the integration of this module in the whole Batfarm software. Later improvements can be 
addition of new BATs and complement with economic figures. 
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