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Abstract 
Animals retain only a small fraction of the nitrogen (N) and phosphorus (P) in the animal feed 
consumed in produced meat, milk and egg. The remainder is excreted in urine and dung, which is a 
valuable fertiliser but also a burden for the environment, depending on its management. Here, we 
report on the diversity of data collection – processing – reporting procedures used in the EU-27 for the 
estimation of N and P excretion coefficients. We examined reports submitted to EU and UN bodies in 
the framework of policy reporting. Most methods are based on a mass balance, i.e., Excretion = Intake 
– Retention. There is often a lack of accurate data for estimating the N and P intake in the animal feed 
and the N and P retention in milk, meat and egg, as function of animal category, animal productivity, 
and management. Based on our review, we propose a common methodology and common data 
collection - processing – reporting procedure for estimating N and P excretion across EU-27.  
 
Introduction 
Livestock production systems exert various influences on the environment. The influences greatly 
depend on the livestock production system itself, the management and the environmental conditions. 
Much of the influence on the environment occurs via feed production, manure utilization and through 
emissions association with animal production.  

Globally, approximately 70% of the agriculturally used land area is for the production of feed.  
However, only 40 to 60% of the carbon (C) and 10 to 50% of the nitrogen (N) and phosphorus (P) in 
feed are retained by the animals in meat, milk and egg, while the remainder is excreted in urine and 
faces. As such, livestock excreta is a large source of C, N, P and other (micro) nutrients, to be used for 
increasing soil fertility and crop yields. Globally, livestock excretes about 100 Tg) N per year (range 
70-140 Tg, but only 20-40% of this amount is recovered and applied to crop land. Most of the 
remainder is dissipated into the environment. The amounts of P and potassium (K) in livestock manure 
are roughly 1.5 and 3 times the current amounts of P and K in mineral fertilizers, respectively. The 
total amount of N excreted by livestock in the 27 Member States of the European Union (EU-27) is in 
the range of 10-11 Tg and the total amount of P excreted ranges between 1.5 and 2.5 Tg  per year. 
These amounts are in the same order of magnitude as the amounts of N and P in fertilizers in EU-27.  

However, the estimated N and P excretions are uncertain. Member States in the EU-27 
estimate N and P excretions for the purpose of the estimation of N and P inputs to agricultural land, 
(gross) N and P balances, ammonia emissions, and greenhouse gas emissions. Currently, consistency 
is lacking (i) at national level for excretion coefficients used for different policies, and (ii) at EU-27 
level, for excretion coefficients used by Member States. These inconsistencies arise from the use of 
different methodologies and the use of different data (quality). In response, the European Commission 
initiated a study by the end of 2012 with the general objective ‘to bring clarity into the issue of 
excretion factors so that a recommendation on a single, common methodology to calculate N and P 
excretion coefficients can be identified’. The specific objectives of the study are: 
• To create an overview of the different methodologies used in Europe to calculate excretion factors 

for N and P, and analyse their strengths and weaknesses; 
• To set up a database with the excretion factors presently used in different reporting systems and 

describe the main factors that cause distortion within a country and across the EU; 
• To provide guidelines for a coherent methodology, consistent with IPCC and CLTRP guidelines, 

for calculating N and P excretion factors, and taking into consideration the animal balance and 
taking into account different methodologies identifies under the first bullet point; 
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• To create default P-excretion factors that can be used by the countries who do not have yet own 
factors calculated; 

• To identify the main components of the calculations of excretion factors and the data requirements 
for these components in such a detail that they allow introducing them in data collection systems.  

This paper provides a brief overview of the abovementioned study. 
 
Materials and Methods 
Reports from all Member States of the EU-27 and other countries with information about N and P 
excretion coefficients, manure production volumes, N and P contents of manure and gaseous N losses 
from manure storages were reviewed. For each of the reports, the methodology applied, the N and P 
coefficients per animal category, and the spatial scale were recorded. In addition, assessments were 
made of the completeness, strength and weaknesses of the methodology, the data and information 
used, and the quality control procedures. The following reports have been reviewed: 

o General scientific literature about N and P excretion coefficients;  
o OECD/Eurostat reports on Gross Nitrogen and Phosphorus Balances; 
o Member States’ Action Programmes under the EU Nitrates Directive; 
o Member States’ inventories of greenhouse gas emissions under the UNFCCC 
o Member States’ inventories of ammonia emissions under the UNECE-CLRTAP and EU-NEC; 
o The FAO Life Cycle Analysis (LCA) of livestock production; 
o The IIASA methodology applied in the model RAINS/GAINS 
o The methodology applied in the GGELS project;  

Results of the inventory were stored in a database with N and P excretion coefficients per animal 
category and Member States. Next, systematic and in-depth analyses were made of selected countries, 
and the strength and weaknesses of the methodologies, their data requirements, accuracy and practical 
feasibility were assessed. Based on the aforementioned analyses, draft guidelines for common 
approaches and methodologies will be developed and documented with underlying arguments in a 
draft report, to be discussed during the second half of 2013 in workshops.  
 
Results and Discussion 
General observations 
Most of the pertinent policies require the reporting of gross N and P excretion (ex animal) per animal 
category. However, some policies (e.g. Nitrates Directive, Gross Nitrogen Balances, national policies 
on fertilization planning) require the reporting of N excretion corrected for gaseous N losses during 
storage (ex storage). The latter is also called ‘manure N and P production’, which for P is assumed to 
be equal to P excretion. Generally, three pertinent scales are distinguished, i.e., farm level, regional 
level (which can be an administrative unit, i.e., district, county, NUTS 2, or a catchment) and national 
scale, depending on the purpose of the accounting. In animal sciences research, the individual animals 
are often object of study, also to find out (genetic) differences between animals and their response to 
management factors, including animal diets. However, the latter is beyond the scope of this study. 

Roughly three methodologies for the estimation of N and P excretion and production are 
applied by Member States, i.e., (i) default coefficients, based on literature studies and expert 
judgement, (ii) input-output balance calculations, and (iii) measurements of the volume and N and P 
contents of manure produced. The most common method is the input-output balance calculation, 
which assumes that the amount of N and P excreted in faeces and urine is equal to the total amount of 
feed N and P consumed minus the N and P retained in marketed products (milk, meat, eggs, live 
weight gain), respectively. Hence, excretion =  intake – retention. All methodologies allow in principle 
for making adjustment according to the length of the production cycle and for non-use of the stock 
accommodation, to provide an annual output factor per “animal place”. The latter is necessary to allow 
for non-productive time needed for cleaning and re-stocking the housings.  

Input-output balances require the estimation of the intake of N and P via feed, and of the N 
deposition in animal products. The amounts of N and P consumed by the animal depends on the 
amount of feed digested by the animal, and the N and P contents of that feed. Total feed intake 
depends on the maintenance cost and production level of the animal (e.g., growth rate, milk and egg 
production), and the feeding value and digestibility of the feed. Data on the annual N and P retention 
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in meat, egg, milk, or wool produced is usually derived from production statistics and scientific reports 
about the N and P contents in animal products.  
 
Review of policy reports  
For reporting emissions of greenhouse gases from agriculture to the UNFCCC, detailed IPCC 
guidelines are available, which include recommendations for the calculation of N excretion 
coefficients. The Guidelines contain recommendations at three levels of detail (Tier levels). The Tier 1 
approach is the most simple method and includes default estimates of excretion. The Tier 2 and 3 
approaches are more detailed; Tier 3 include country specific methodologies and estimates. Our 
inventory indicates that 4 Member States use default coefficients (Tier 1) and 21 use country specific 
methodologies (Tier 3), while the method was not clearly reported for 2 Member States.  

For reporting emissions of ammonia from agriculture to the UNECE-CLRTAP and EU-NEC, 
detailed guidelines are provided by the EMEP/EEA Air Pollutant Emission Inventory Guidebook, 
which include recommendations for the calculation of N excretion coefficients, at two Tier levels. Our 
inventory indicates that 18 Member States use default N excretion coefficients and 9 use country 
specific methodologies. The OECD/Eurostat Nitrogen and Phosphorus Balance Handbooks provide 
also guidance to the calculations of N and P excretion coefficients. When N and P excretion 
coefficients are not compliant with the guidelines in the OECD/Eurostat Handbook, OECD/Eurostat 
take estimates from pertinent country reports to the UNFCCC.  

Our review indicates that the N excretion coefficients per animal category may vary by up to a 
factor of 2 between Member States. The same holds for P excretion. Interestingly, estimated N 
excretion coefficients per animal category may vary up to 20% for a Member State, depending on the 
(policy) reports.  

 
Country-specific estimation of N and P excretion coefficients 
Country-specific input-output balances require information about N and P retention in animal products 
and about the intake and composition of feed per animal category. Table 1 list the mean protein N 
content of pig diets for selected countries; N contents are relatively low in pig diets in The Netherlands 
and rather high in Ireland and United Kingdom (UK). In Germany, standard and low N diets are 
distinguished for fattening pigs, adjusted to growth rates of 700 or 800 g/d, resulting in ranges of N.   

Table 2 provide a brief overview of the mean N retention by pigs per kg live weight 
gain for some selected countries. In Germany, the N content of all pig categories is fixed at 25.6 
g/kg. For piglets and growing finishing pigs, this value is generally high compared to the values used 
in other countries. For breeding sows, the 25.6 g/kg is also used in Ireland and the UK. Only higher 
values are used for 4-week old weaned piglets (30.4 g/kg) and boars (27.4 g/kg) in Ireland and the UK. 
For the category of growing finishing pigs, comparable values (24.8 – 25.0 g/kg) are used in Ireland, 
the Netherlands and UK. In Italy, a rather low value (24.0 g/kg) is used for this type of pigs. This low 
value may be related to a relatively high fat content of fattening pigs, because of the high slaughter 
weight (163 kg). The N content of Italian piglets, sows and boars have not been reported.  

Similar or larger variations have been observed for other animal categories, especially for 
grazing animals, such as dairy cows. For grazing animals, the N content of the feed highly depends on 
the N fertilization level of the grassland, the inclusion of leguminous species in the sward, and the 
fractions of silage maize and concentrates in the diet.  

 
Table 1. Mean N contents of pig diets per pig category (g/kg) in selected countries. 
Category Ireland Italy Germany Netherlands UK 
Starter diet weanling pigs 35.2 

29.1 
29.6 27.0 35.2 

Grower diet weanling pigs (12-26 kg) 32.0 28.0 27.9 32.0 
Starter diet finishing pigs (26–30 kg) 32.0 

24.5 
28.8 – 29.6 27.1 32.0 

Grower diet finishing pigs (30–70 kg) 29.6 26.4 – 28.0 26.2 29.6 
Finisher diet (70–114 kg) 27.2 22.4 – 23.2 23.6 27.2 
Rearing sow diet (26–125 kg) 25.6 ? 23.2 – 28.0 24.5 25.6 
Standard sow diet ? 

24.0 
27.2 23.8 ? 

Lactating sow diet 27.2 28.0 24.5 27.2 
Gestating sow diet 20.0 23.2 20.4 20.0 
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Table 2.  Mean N contents of pigs per category (g/kg liveweight) for selected countries. 
Category Weight 

(kg) 
Age/Physio- 
logical state 

Ireland Italy Germany Netherlands UK 

Dead piglet 1.3 0 days ? ? 25.6 18.7 ? 
Culled piglet 2.8 1 – 28 days ? ? 25.6 23.1 ? 
Culled piglet 9.0 29 – 42 days ? ? 25.6 24.3 ? 
Weaned piglet 7.0 4 weeks 30.4 ? 25.6 ? 30.4 
Weaned piglet 11.0 6 weeks 25.0 ? 25.6 24.4 25.0 
Culled piglet 12.0 7 weeks ? ? 25.6 24.5 ? 
Growing pig 26 10 weeks 25.0 24.0 25.6 24.8 25.0 
Finishing pig 114 26 weeks 25.0 24.0 25.6 25.0 25.0 
Rearing sow 125 7 months 22.0 ? 25.6 24.9 22.0 
Rearing sow 140 First mating 22.0 ? 25.6 24.9 22.0 
Rearing boar 135 7 months 27.4 ? 25.6 24.9 27.4 
Boar  325 2 years 27.4 ? 25.6 25.0 27.4 
Breeding sow 220 At weaning 25.6 ? 25.6 25.0 25.6 
Sow at slaughter 220 At weaning 25.6 ? 25.6 25.0 25.6 

 
Conclusion and perspectives 
The data collection – processing – reporting systems for N and P excretion by livestock in EU-27 are 
diverse and often complex, in part because of differences between Member States in livestock 
production systems and in historical and cultural backgrounds. A common methodology would allow 
for a common and transparent estimation of N and P excretion in EU-27, and hence for a common 
basis for the estimation of manure N and P production, N and P balances, and ammonia and 
greenhouse gas emissions. Figure 1 shows the main building blocks of such common methodology, 
based on the input-output balance calculations. The input-output balance is a flexible method and 
provides also insight in the possibilities for management interventions to decrease N and P excretions.  

In some countries, dairy farmers use a certified modeling tool to calculate farm specific N and 
P excretion of cattle, using farm-specific information about number, weight and energy requirements 
per category, milk production level and protein and urea contents of the milk, and the composition of 
roughages (herbage, silage maize) and purchased concentrates. Such a method allows for an accurate 
estimation of N and P excretion and manure N and P production at farm level.  

 

 
 
Figure 1. Flow of data and information for estimating N and P excretion at regional and national scales 
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