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Abstract 
Emissions to air, water and soil resulting from livestock are determined mainly by manure handling. 
The aim of the work is to compare the air emissions values obtained using different methods in 
practical farms in order to support an objective assessment of a farm. The pollutants considered are 
ammonia (NH3), methane (CH4), nitrous oxide (N2O). For the comparison we used data from eight 
farms subjected to Integrated Pollution Prevention and Control (IPPC) procedure. All data from the 
farm have been verified visiting the farms in connection with the official routine inspections. The 
result highlight a huge variation of emission from farm to farm (NH3 ranged from 15 to 65% of the 
Nitrogen in the manure) and according to the methods (up to 80% difference). The results confirm that 
the assessment of the emissions with the methodologies used for inventory purpose might not be 
suitable when the objective is to evaluate the effect of the introduction of specific technologies. 
 
Introduction 
Among agricultural activities, the livestock sector is the most critical and the manure management 
represents the main share of pollution [1]. The main air emissions from farms are: CH4, produced by 
ruminal digestion and stored manure; NH3 emitted from animal housing, from storages, during and 
after spreading; and N2O mainly from storages and from the fields. Approximately, 90% of NH3 
emissions can be attributed to agriculture in several European countries, 40% of which coming from 
animal housing and manure storage [2]. The amounts of CH4 and N2O emitted to the atmosphere are 
low compared to CO2, but their global warming potentials are, respectively, 21 and 310 times higher. 
Within the European Union, agriculture has been estimated to contribute 49% of anthropogenic CH4 
emissions and 63% of N2O emissions [3]. The extreme involvement of agriculture and livestock 
farming on air emissions has motivated researchers to develop methods to estimate the emissions from 
livestock and supporting decisions for the farmer. These models will serve both to highlight the 
criticality of the farms and to establish sustainable manure management systems [4]. In the past 
several models have been developed for estimating NH3 emitted and greenhouse gases. Hutchings et 
al. [5], Menzi et al. [6], Webb and Misselbrook [7] have developed models for estimating emissions of 
NH3 for different types of livestock such as pigs, dairy cattle, beef cattle and poultry. The algorithms 
used in these models, mostly developed for inventory purpose, generally consider separately the 
phases of grazing (for cattle), housing, storage and spreading.  
The aim of this paper is to compare the emissions to air estimated from the IPCC (CH4) and Corinair 
(NH3, N2O) methodologies with the model Erica (NH3, N2O and CH4),  developed for the assessment 
of emissions from livestock farms for the IPPC permit procedure. The objective is to compare the 
effectiveness of the methods to evaluate the emissions in farms with different characteristics and 
manure handling techniques.  
 
Materials and methods 
This study considers various methods for the calculation of emissions to the atmosphere, with different 
degrees of complexity. We used the EMEP/CORINAIR 2 methodology (emission inventory 
guidebook 2009, updated June 2010) to estimate NH3 and N2O, while for the estimation of CH4 we 
used the IPCC methods (inventory 2006). Furthermore, we used the Erica model, developed by 
Lombardy Region to support IPPC applications, this model estimate NH3, CH4 e N2O and integrate the 
indications of Reference Document on Best Available Techniques for Intensive Rearing of Poultry and 
Pigs [8] with other methodologies and scientific references partly based also on IPCC and 
EMEP/CORINAIR. These models have been applied to eight farms subjected to Integrated Pollution 



Prevention and Control (IPPC) procedure, where detailed data about manure management were 
collected by direct survey (Table1). 
 
Table 1. Description of the farms analyzed 

Farm type heads 
surface  

(ha) 
Live weight  

(t) 
N produced 

(t/year) 
A fattening pigs 2138 83 190 21 

B 
fattening pigs 
 dairy cows 

5200 pigs  
233 cattle 

71 603 51 

C 
farrow to 
finishing 

4305  
(275 breeding pigs) 

80 334 36 

D fattening pigs 1900 81 200 23 
E fattening pigs 5565 18 505 42 
F fattening pigs 7000 - 508 66 

G 
farrow to 
finishing 

4155  
(455 breeding pigs) 

119 496 60 

H fattening pigs 2560 111 237 59 
 
IPCC and Corinair methods consider different levels of details: Tier 1 is a simplified approach where 
the emission is calculated multiplying livestock numbers by emission factors (EF) per animal. Tier 2 is 
a more specific approach; in Corinair the EF consider housing (grazing, indoor and outdoor), storage 
and spreading. In IPCC the EF depend from several parameters, like volatile solids (SV) excreted by 
livestock, manure type and storage systems. The Erica model uses more articulated EF for each stage 
introducing some corrections according to the actual conditions. For example, the NH3 emissions 
from storages are corrected by the nitrogen content of the manure stored which depends on the feeding 
strategy and on the amount of losses in the building. Additionally it shares in a more accurate way 
livestock categories and requires information about animal feeding to calculate more accurately the 
nitrogen excreted. Table 2 summarize the emissions calculated according the different methods and 
the main parameters used to define the EF for each method. 
 
Table 2. Characteristics of models  

Model emission  Used parameters  
NH3 CH4 N2O   

Erica X X X 
Livestock type - manure type stored - storage type - housing type – 
spreading type - feeding type - spreading period – SV - TAN - TKN 

Corinair Tier 1  X     Manure type stored - livestock type - housing period 

Corinair Tier 2 X   X 
Manure type stored  - livestock type - housing period - manure type 

distributed - TAN - TKN 

IPCC Tier1     X 
Average annual temperature - livestock type - regional 

characteristics 

IPCC Tier2   X   
Manure management system - Average annual temperature- 

livestock type - regional characteristics - SV 
 
Results and discussion  
The comparison of the models showed significant differences for each pollutant. These variations 
depend of course on the parameters and algorithms contained in the models, but are also affected by 
the different approaches to data collection in agreement with the purpose of the method. 
With regard to NH3, Figure 1 shows that the values of ammonia emission with model Erica are always 
lower than Corinair. However it is quite evident there is great variations among farms. In fact the 
emissions calculated with Erica ranges from 23% to 85% of the values obtained by Corinair. This 
result can be explained by the more detailed analysis that can be obtained by Erica that considers more 
information on each phase of manure production and management. This is confirmed by the analysis 
of the data of single farms. For example, farm A uses Best Available Technologies to reduce ammonia 
emissions according to the BREF [8]. 
 



 
Figure 1.  NH3 emissions estimated with the different methods for each farm. 

 
The results related to N2O, summarized in Figure 2, should be carefully interpreted as the methods 
used consider differently different type of manures. In fact, Corinair Tier 2 estimates the nitrous oxide 
emission only for farms with storage of solid manure. For example farm C has a great share of the 
solid manure while farms A, D, E, F and G have only liquid manure. It is also evident the different EF 
used by the different methodologies. It has to be considered that N2O is emitted mainly in storages. 
Therefore, it is critical how the different methods detail the EF for the different type of storage. 

 
Figure 2.  N2O emissions per nitrogen to the field are estimated with the different models for each farm 

 
Figure 3 shows that the values of methane emissions with model Erica are generally lower than IPCC, 
except for farm G and farm H. This result can be explained by the different way the methods details 
the different type of storage, especially in relation to the possible reduction of emission when the 
storage is covered or have crust formation. 
In general all the methods used are effective in modulating the emissions according farm 
characteristics. This is evident examining Figure 4 that reports the NH3 emissions for each farm as 
percentage of the total nitrogen excreted by animals. All the methods show the capability to 
differentiate the farms also of the same type. Farms A, D, E, F, H for example are all fattening pigs but 
farms E and F have a level of emissions more than double than farm H. However, the different 
methods generally classify the farms in the same way. Erica tends to estimate a lower amount of 
emissions than Corinair but also to consider differently the specific techniques applied in the farm. 
 
Conclusion and perspectives 
The use of different methods has shown that despite the results of the quantities of substances emitted 
is often variable, the comparison between farms is generally similar. This confirms the general validity 
of these tools to identify the degree of reduction that can be achieved with mitigation techniques. 
However they must be used with caution to determine the absolute values of emissions. This study 
shows that the IPCC and Corinair are not always adequate to evaluate the effect of specific techniques. 
For this purpose methods like Erica seems more appropriate and should be further developed. 



 

 
Figure 3. CH4 emissions per live weight are estimated with the different models for each farm 

 

 
Figure 4. Emissions of NH3 referred to total N excreted by animals for each farm 
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