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SUMMARY 
 
This tender is submitted in response to the call by the European Commission, 
Directorate-General Environment for tender “Service contract: integrated measures in 
agriculture to reduce ammonia emissions”, with reference no ENV.C.1/SER/2005/0035 
(Official Journal Reference: S 111-109953).  
 
The general objective of the tender is to have defined the most appropriate integrated and 
consistent actions to reduce various environmental impacts (notably water, air, climate 
change) from agriculture. Specifically, the objective is to have developed and applied a 
methodology allowing to assess and quantify the costs and the effects of various policies 
and measures aiming at reducing the impact of agriculture on water air pollution and 
climate change. Both ancillary benefits and trade offs of measures need to be identified. 
The impacts and feasibility of the most promising measures needs to be analysed in 
depth. The call for tender describes the following five tasks: 
 
Task 1.  Develop an integrated approach.  
Task 2. Analysis of International and European instruments 
Task 3. In depth assessment of the most promising measures 
Task 4. Impact assessment of a possible modification of the IPCC directive 
Task 5. Stakeholder consultation, presentations, workshops. 
 
This proposal describes: 
1.  The Background and objective: this includes a description of the issues involved in 
this study (background and state of the art overview of relevant aspects), as well as the 
nature of the work to be undertaken and the content of the final products (objectives and 
deliverables). It involves our understanding of the project. 
2. Description of the various tasks and activities: this includes a description of the 
methods and activities carried out in this study, in view of the requirements specified in 
the call for tender. It involves our methodology of the project  
3. Description of the project management: this includes a description of the 
organization of the consortium and the tasks and budget allocated to sub-contractors in 
view of their expertises. 
 
We have composed a team of scientists representing a unique blend of complementary 
skills and expertise in environmental impact studies, agricultural production systems, 
animal nutrition, integrated modelling, environmental policy, whole farm systems 
analysis and farm management across EU-25. 
 
In our tender, we present a general analytical framework that will ensure the execution 
and performance of the tasks to be consistent, systematic, comparable and transparent. 
The analytical framework also allows that each of the tasks will directly deliver to the 
end-product of the study. Our approach allows making integral assessments at NUTS-2 
level of EU-25 plus Bulgaria, Romania, and possibly also Turkey and Croatia. 
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 GENERAL INTRODUCTION 
 
 
Environmental side effects of the intensification of agricultural production have become 
apparent from the 1970s onwards, but the cause-effect relationships were initially not 
clear. Especially intensive animal agriculture has become implicated. Main problems 
arise from excess nitrogen (N) and phosphorus (P) originating from animal manure and 
fertilizers, which contribute to a cascade of environmental effects, including 
eutrophication of natural areas and surface waters, atmospheric chemistry, contamination 
of groundwater, and acidification of soils and lakes. The first governmental policies and 
measures related to excess N and P date from the 1980s (Oenema, 2004). From the early 
1990s onwards, EU environmental policies and measures have increasingly affected the 
environmental side-effects of agricultural production. Currently, agriculture and 
especially the use of N and P from animal manure and fertilizers are affected by three 
categories of EU policies and measures (De Clercq et al., 2001):  

(i) Agenda 2000 and the reform of CAP;  
(ii) Water Framework Directive (including the Nitrate Directive); and  
(iii) Air Quality Directive (with links to IPCC-Directive, NEC-Directive and 

UNECE-CLTRAP)  
 
Moreover, following the agreements of the Kyoto protocol in 1997 (UNFCCC, 1997) 
policy makers of the ministries of Agriculture of many countries have become involved 
in discussions about ‘policies and measures to decrease greenhouse gas emissions 
(notably CO2, CH4 and N2O) from agriculture’.   
 
In response to the increasing environmental awareness, a large number of possible 
policies and measures have been identified and several of these have been implemented 
in practice, through the abovementioned EU policies and measures, to reduce e.g., the 
emissions of ammonia (NH3) to the atmosphere and the leaching of nitrate to 
groundwater and surface water. However, the N cycle is extremely complex with various 
N loss pathways, and there is the potential for creating alternative environmental 
problems when mitigation options are employed for one particular issue (i.e. pollution 
swapping) (e.g. Hatch et al., 2004).  In response, there is an increasing awareness to 
develop an integrated approaches and assessment of their effects.  
 
This tender is submitted in response to the call by the European Commission, 
Directorate-General Environment for tender “Service contract: integrated measures in 
agriculture to reduce ammonia emissions”, with reference no ENV.C.1/SER/2005/0035 
(Official Journal Reference: S 111-109953). The call for tender specifically addresses the 
interactions between measures to reduce ammonia emissions from agriculture and its 
(indirect) effects on the emissions of nitrous oxide (N2O), nitrate (NO3

-), methane (CH4).  
 
The objective of the ‘service contract’ is to have defined the most appropriate integrated 
and consistent actions to reduce various environmental impacts (notably water, air, 
climate change) from agriculture. Specifically, the objective is to have developed and 
applied a simple methodology allowing to assess and quantify the costs and the effects of 
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various policies and measures aiming at reducing the impact of agriculture on water air 
pollution and climate Both ancillary benefits and trade offs of measures need to be 
identified. The impacts and feasibility of the most promising measures needs to be 
analysed in depth.  
 
The call for tender describes the following five tasks: 
1.  Develop an integrated approach.  
2. Analysis of International and European instruments 
3. In depth assessment of the most promising measures 
4. Impact assessment of a possible modification of the IPCC directive 
5. Stakeholder consultation, presentations, workshops. 
An integral description of the call for tender is provided in annex a.  
 
Our tender consists of three parts, namely: 

1. Background and stat of the art: this includes a description of the issues involved 
in this study (background and state of the art overview of relevant aspects), as 
well as the nature of the work to be undertaken. It involves our understanding of 
the call and of the project and is described in Part I (pages 13-44). It includes an 
integral description of the content of the call for tender in annex a (pages 39-44.  

 
2. Description of the various activities: this includes a description of the methods 

chose to carry out the tasks and the various activities specified in the call for 
tender. It involves our methodology to the project and is described in Part II 
(pages 45-76). 

 
3. Description of the project management: this includes a description of the 

consortium, sub contractors and the project organization and the tasks allocated to 
each scientist view of his/her expertise. It is described in Part III (pages 77-136). 
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PART 1 

 
BACKGROUND AND STATE OF THE ART: UNDERSTANDING 

 
 
1.1.  Introduction  
 
In this section, the state of the art information is given about “Nitrogen emissions from 
agriculture, with special emphasis on integrated measures to reduce ammonia emissions 
and integrated assessment of its effects” in the EU.  
 
In section 2 we provide background information about agriculture and the environment in 
the EU. First we give an overview of the nitrogen cascade (1.2.1), nitrogen losses and 
risk on pollution swapping in agriculture (1.2.2), and nitrogen emissions from agriculture 
in the EU (1.2.3). Because livestock farming systems are the agricultural systems with 
highest emissions of ammonia, nitrate and nitrous oxide we give a more detailed analysis 
of the different nitrogen flows in livestock farming systems, including options to mitigate 
these emissions in section 1.2.4. As the development of simple method is one of the tasks 
of the proposed study, we give in section 1.2.5 a short overview of different methods to 
estimate ammonia, nitrate, and nitrous oxide emissions from agriculture. Section1.2.6. 
gives an overview of the for this proposal relevant environmental and agricultural 
policies in the EU. Section 1.2.7 deals with the need for geographic differentiation 
because  different pedo-environmental and socio-economic conditions in the EU. Finally, 
an integral description of the content of the call for tender is found in annex a (pages 39-
44).  
 
The choices to be made as regards the methods, activities and assessments, so as to 
achieve the overall objectives of the service contract, are discussed in detail in Part II 
(sections 2.1 to 2.3).  
 
1.2. The need for this study 
 
1.2.1. Nitrogen cycling and the nitrogen cascade  
Nitrogen (N) is one of the most widely distributed elements on earth. It is a key element 
in protein, and the growth of plants heavily depends on the availability of N. Most of the 
N on earth is locked up in sediments and rocks, and is inaccessible for plant roots. The 
atmosphere is the second largest reservoir of N, but most of this N is present as 
molecular N2, and this N is also not available to most plant species. As a consequence, 
the productivity of many ecosystems and especially agroecosystems is limited by 
shortage of plant-available N. The availability of relatively cheap N fertilizers from the 
1950s onwards has contributed to a boost in crop production. Indeed, fertilizer N has 
made a substantial contribution to the tripling of global food production over the past 50 
years. The availability of the N fertilizers has indirectly also contributed to the number 
of farm animals and the production of N in animal manure. Currently, roughly equal 
amounts of N become available in global N fertilizer production and in global animal 
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manure production. Unfortunately, the distribution of fertilizer N use and animal manure 
production over the globe is not uniform (Mosier et al., 2004; Smil 2002).  
 
In some areas of the world, relatively large amounts of N fertilizers are used, and large 
amounts of farm animals are kept on relatively small areas. Excessive use of N in 
amounts that exceed plant needs can lead to numerous problems directly related to 
human health, and ecosystem vulnerability. Even moderate but injudicious use of N may 
lead to various environmental problems. N appears in various species, with various 
oxidation states, mobility and reactivity.  The term “reactive N” includes all biologically 
active, photochemically reactive, and radiatively active N compounds in the atmosphere 
and biosphere of the Earth, i.e. inorganic reduced forms of N (e.g., NH3, NH4

+), 
inorganic oxidized forms (e.g., NOx, HNO3, N2O, NO3

-), and organic compounds (e.g., 
urea, amines, proteins). 
 
Galloway (2003) and Galloway et al. (2002) made an integral analysis of the cause - 
effect relationship between the creation of reactive N and a sequence of environmental 
effects, using the so-called N cascade. Observed environmental effects include 
• decreased species diversity and acidification of non-agricultural soils because of 

deposition of NH3 (e.g. De Vries et al., 1995); 
• pollution of ground water and drinking water due to nitrate leaching  
• eutrophication of surface waters, including excess algal growth and a decrease in 

natural diversity due to N leaching and run-off. 
• global warming  because of emission of N2O, and 
• impacts on human health and plants due to ozone for which NOx is a precursor,  
 
The N cascade illustrates the movement of human-produced reactive N as it cycles 
through various environmental reservoirs in the atmosphere, terrestrial ecosystems, and 
aquatic ecosystems before it returns to the atmosphere as non-reactive N2 following 
denitrification. The N cascade illustrates the multiple effects N has in the environment. 
The N cascade also illustrates the complexity involved of reducing one emission 
pathway, without consideration of the total N source. 
 
 
1.2.2. Nitrogen emissions from agriculture and pollution swapping 
Agriculture is the main user of reactive N. On a global scale, approximately 80 Tg 
fertilizer N is applied to agricultural crops, but less than 50% of the N applied is 
recovered in harvested crop (Mosier et al., 2004). The recovery of N in harvest crop 
from animal manure is even much less than 50% (Oenema and Tamminga 2005). The 
greater part of the unrecovered N is lost to the environment, either as NH3, NO, N2O or 
N2 into the atmosphere, or as nitrate (NO3

-), ammonium (NH4
+), dissolved organic N 

(DON) or particulate organic N into groundwater and surface waters.   
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Figure 1 The Nitrogen Cascade (From UNEP, 2004).  
 
 
Apart from increasing N emissions, increased inputs of fertilizer and manure in 
agriculture may also contribute to changes in the emissions of methane (CH4), and 
accumulation and/or elevated leaching and runoff of various compounds, including 
phosphate and heavy metals. Nitrogen (N) and phosphorus (P) are generally considered 
to be the key elements controlling the ecological quality of fresh waters. So far, most 
emphasis in agriculture has been on measure to reduce N emissions, but the potential 
ecological impacts of the increased use of P in agriculture and its leaching from 
agricultural soils to surface water is also of major concern.  
 
In response to the environmental side effects of the increase availability of fertilizer N 
and animal manure, series of governmental environmental policies and measures have 
been implemented in practice. These policies and measures specifically aim at 
decreasing the emissions of NH3 in the atmosphere, the leaching of NO3

- to groundwater 
and surface waters, and the emissions of greenhouse gases, notably N2O, CH4 and CO2 
to the atmosphere.  
 
Pollution swapping is generally seen as a response to governmental policies that focus 
on one N loss form. This pollution swapping is considered a common occurrence (Hatch 
et al., 2004; Chambers and Oenema, 2004; Monteny et al., 2001). Examples include: 
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- policies that have closed periods for spreading animal manure in autumn to minimize 
nitrate leaching losses and promote spring application to growing crops may 
exacerbate NH3 emissions; 

- policies that require the ploughing of manure rapidly into the soil to minimize NH3 
emissions may exacerbate N2O emissions; 

- policies focused on decreasing NH3 losses from manure have as result a manure with 
a higher N content which following its application to land may subsequently increase 
nitrate leaching and N2O emissions from soils; 

- policies that aim at reducing grazing of cattle to decrease nitrate leaching may result 
in higher NH3 and CH4 emissions, because more animal manure has to be stored for 
a longer time. 

 
1.2.3. Nitrogen emissions from agriculture in the EU 
The amount of N used in EU agriculture is large, relative to other sectors and also 
relative to other continents (e.g., Kuczybski et al., 2005; Van Egmond et al., 2002; 
Mosier et al., 2004). In Figure 2, the N pressure situation for the year 2000 in 15 
Member States is presented. In most EU countries, more N is applied to soil via mainly 
livestock manure and chemical fertilizers than is removed with the harvested crop. The 
difference between N application and N withdrawal via harvested crop is the N surplus, 
which is a source of potential environmental damage to surface and ground water 
(eutrophication), air quality (acidification) and global warming (greenhouse effect). The 
N surplus is much higher in (regions of) NW European countries with intensive 
agricultural systems than in South and central European countries with more extensive 
agricultural systems.  
 
Currently, agriculture is a main source of nitrate in groundwater, of N and P in surface 
waters and of ammonia and nitrous oxide in the atmosphere. Estimates suggest that the 
contribution of agriculture to the emissions of ammonia is about 90% and that of nitrous 
oxide in the range of 30 to 60%. The contribution of agriculture to the loading of surface 
waters with N ranges between EU member states from 30 to 80% and that of P between 20 
and 45% (OECD, 2001). 
 
Ammonia emissions play a significant role in national and international environmental 
policy (Kuczybski et al., 2005). Ever since evidence was brought to the stage – in the 
early 80’s of the past century – that NH3 was severely contributing to environmental 
acidification, national and international governing bodies have been working on 
legislation to abate NH3 emissions and hence to reduce acidification and eutrophication. 
Ammonia emissions originate for a major part (>90%) from agriculture in most EU 
countries. Many countries appear to have reached the current National Emission Ceiling 
(NEC) value in 2000, but others not (Figure 3). This means that still major effort is still 
needed for various countries (Kuczybski et al., 2005). 
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Figure 2. Contribution of various sources of nitrogen to N pressure in the EU-15 around 2000 
(Figure kindly provided by Royal Haskoning, The Netherlands). 
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Figure 3. Ammonia emissions kton per year from agriculture in 2000 and the National Emission 
Ceiling (NEC) value for most EU countries (data from IIASA, RECOVER2010 project). 
 
 
Depending on soil type and land use, a substantial portion of European groundwater 
bodies is affected by nitrate from agricultural sources (Van Egmond et al., 2002; EEA, 
2003). In various areas of Europe, the nitrate concentration in shallow groundwater 
exceeds the standards of 50 mg per l of the Nitrate Directive (Figure 4).  For the Rhine 
River, the fourth largest river basin in Europe (after Volga, Danube, and Wisla) with a total 
surface area of 185,000 km2, agriculture contributes 40 and 32% of the total loading of N 
and P, respectively (Van der Veeren, 2002). Levels of P have generally been decreasing in 
rivers and lakes in EU-15 during the 1990s. This decrease reflects the general 
improvement of the sewage treatment and the ban of P in detergents, but the loss of P 
from agriculture to surface waters has changed little.  
 

Emission of N2O emissions from agricultural soils reflect the use of N fertilizer and 
manure intensity (Figure 5). Emission are highest from wet soils and soils with high 
organic matter contents. In terms of CO2-equivalents, the European greenhouse gas 
emissions from agricultural soils are composed of 1% CH4, 11% CO2, and 89% N2O 
(Freibauer et al., 2003). 
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Figure 4 . Frequency distributions of nitrate concentrations in groundwater in EU member states 
(Source, EEA, 2003). 
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Figure 5. Regional distribution of average emissions of N2O per hectare mineral arable land and 
grassland in 1995 (Freibauer et al., 2003). 
 
 
1.2.4. Nitrogen cycling in livestock farming systems and options to mitigate N 
emissions  
 
Nitrogen cycling 
Livestock farming systems are an important source of NH3 and N2O emissons to the 
atmosphere and nitrate to the groundwater. Four major compartments are distinguished in 
whole livestock farming systems, i.e. livestock, manure, land and crop (animal feed) 
(Figure 6). Nutrients cycle through these compartments. Animals utilize only a fraction 
(5 to 45%) of the N in the feed for the production of milk, meat, eggs and offspring 
(animal products) exported from the system. The greater part is excreted via feces and 
urine, which is stored and managed for some time in various types of manure storage 
systems, or deposited directly on land and allowed to lie there unmanaged. The manure 
from manure storage systems will be applied to agricultural land as fertilizer to nourish 
the growing crop. However, only about 30 to 60% of the manure N will be utilized by 
growing crops for the production of plant protein, and only the protein in the harvested 
fraction of the crop will feed the livestock. Hence, only a minor fraction (usually less 
than 10%) of the N from manure will be exported from the farm in animal products; the 
greater part will have dissipated into the wider environment.  
 
There are many opportunities and places for N to escape from livestock farming systems 
(Fig. 6). Significant losses of gaseous N compounds may occur via volatilization of NH3, 
and via emissions of N2O, nitric oxide (NO), and dinitrogen (N2) from nitrification and 
denitrification processes. In addition, N may be lost from soil via leaching and runoff. 
The gaseous N compounds may escape from feces and urine during storage in manure 
storage systems (lagoons, pits, manure heaps, manure silos), after deposition on pastures 



 19

and paddocks by free ranging animals and after application of manure and fertilizers to 
agricultural land.  
 
 

purchased animal 
feed livestock products

crop manure ammonia losses

purchased land/soil gaseous N losses
fertiliser ammonia, N2O, N2

nitrate leaching
gaseous N losses

  
 
Figure 6. Simplified diagram of a whole livestock farming system, showing the four main 
compartments livestock, manure, land/soil and crop. The land/soil and crop 
compartments can be separated physically from the livestock and manure compartments, 
as is the case in specialized livestock farming systems without land. Arrows indicate the 
flows of N in products and as gaseous N losses (Oenema et al., 2001) 
 
N emission from housings 
Housed animals deposit feces and urine in the housing system on litter, concrete floors, or 
fully or partially slatted floors. There is a wide variety of animal housing systems, ranging 
from simple shelters where animals find protection against sun, rain, cold and or wind, to 
climate controlled and mechanically vented large housing systems for e.g. poultry in 
battery cages and finishing hogs. Manure storage and manure management differs widely 
among these housing systems, ranging from paddocks and unpaved feedlots in dry 
climates to cubicle houses with slurry storage underneath slatted floors, to the manure belt 
system underneath battery cages in mechanically vented poultry housing systems with 
forced drying of the poultry manure (Kuczybski et al., 2005).  
 
Animal manure collected in housing systems has to be stored for some time inside or 
outside the housing system until timely spreading of the manure on the field. In animal 
housing systems with (partially) slatted floors, the urine and feces are mixed and stored as 
slurry in pits and channels underneath the slats. When the storage capacity inside the 
housing system is small, slurry will be stored outside in silos, tanks and lagoons. In tie 
stalls with litter, feces mixed with litter and liquid manure are collected daily and stored 
outside in separate storage systems. In deep litter systems in organic farming, feces and 
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urine are absorbed by straw and compacted by the loose housed animals. The stacked 
manure will be removed from the deep litter system only two to three times a year and 
transported to a manure heap outside for another storage period, or it is directly applied to 
agricultural land. The total storage period of slurries and manure may range from a few 
weeks to more than 9 months. Because of the differences in housing system, manure 
management and storage period, there are large differences in N losses via emissions of 
NH3, NO, N2O and N2. There are also significant differences in methane emissions 
between manure management systems (Kuczybski et al., 2005). 
 
The volatilization of NH3 from the urine and feces in slurry inside the animal housing 
system is related to the NH4

+ concentration, pH and surface area of the slurry and to the 
temperature and ventilation in the housing system (Monteny, 2000). The potential for 
NH3 volatilization from slurry is large, because of the abundance of NH4

+ and the 
relatively high pH of the slurry. Ammonia is emitted from both the (slatted) floors fouled 
with urine and feces and from the slurry channels under slats. The larger the area fouled 
by the animals, the larger the NH3 loss. The ventilation of the housing system determines 
the air exchange between the housing system and the outside atmosphere and thereby also 
the NH3 loss; the larger the ventilation the larger the loss (e.g. Aarnink, 1997; Groot 
Koerkamp, 1994). Thus, emission may be mitigated by decreasing the fouled area either 
by decreasing the slatted area, by tying the animals or by decreasing the ventilation. 
Frequent cleaning of the floor also decreases NH3 losses. Table 1 summarizes options to 
mitigate NH3 emission from dairy cow buildings. Slurry stored in pits and canals 
underneath slatted floors is not a significant source of N2O, NO or N2, because very little 
NH4

+ from the slurry is nitrified in the highly anoxic environment. 
 
N emission from manure storage 
Ammonia emission from slurry in open tanks, silos and lagoons ranges from 6 to 30% of 
the total N in stored slurry (Sommer, 1997; Harper et al., 2000). The NH3 loss is related to 
environmental conditions (temperature and wind), slurry composition and surface area. 
Losses are larger from pig slurry than from cattle slurry, due to differences in NH4

+ 
content. A cover on the slurry significantly decreases NH3 loss. The cover may be a 
natural surface crust formed by solids floating on the surface, a cover of straw, peat or 
floating expanded clay particles, or a roof. Covers greatly decrease the air exchange rate 
between the surface of the slurry and the atmosphere by creating a stagnant air layer 
above the slurry through which NH3 has to be transported by the slow process of 
diffusion.  
 
Anaerobically stored slurry is not a significant source of N2O, NO or N2, because very 
little NH4

+ from the slurry is nitrified in the highly anoxic environment. Conversely, 
drying conditions may establish an environment where NH4

+ from the slurry is nitrified 
and where  N2O, NO or N2 is produced (Hüther et al., 1997).  
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Table 1: Overview of the working principle of emission reducing measures and reduction 
of the NH3 emission reported in literature (in %  compared to slatted floors). After 
Monteny and Erisman (1998). 
 
Measure   Process involved  Control factor  Maximal 
               reduction 
Feeding strategies urine and faeces   urea concentration 39 
       production 
Slurry handling: 
* flushing with water enzymatic conversion urea concentration 17 
* formaldehyde flushing enzymatic conversion urease activity  50 
* slurry acidification dissociation  pH   37 
    + additionally flushing dissociation  pH   60 

 slats with acidified 
 slurry 

 
Floor systems: 
* V-shaped solid floors air exchange/  air velocity  52 
       volatilization 

+ flushing with water enzymatic conversion urea concentration 65 
+ formaldehyde enzymatic conversion urease activity  80 

           flushing   
 
Housing systems: 
* reduced slatted floor volatilization  emitting area of  10 

area      floor/pit  
* tie stalls  volatilization  emitting area of  28  
      floor/pit 
 
 
N emission from soil applied manure 
Application of animal slurry to soil induces a sequence of reactions. High rates of NH3 
volatilization have been measured following surface application of animal slurry (e.g 
Pain et al. 1989), but generally, the rate of NH3 volatilization is very low after a few days 
(Oenema et al., 1993). Hence, 50% of the total NH3 loss occurs within 4 to 12 h after 
slurry application (Pain et al., 1989). The rate of NH3 volatilization from slurry applied to 
soil is related to temperature; the higher the temperature the larger the NH3 loss.  
 
Incorporating slurry into the soil is a most effective way of decreasing NH3 volatilization.  
Different techniques are available, such as deep injection, shallow injection, 
incorporation of slurry by ploughing or by rotary harrow, and application of slurry with 
trailing hoses. Generally, highest reduction in NH3 emission is obtained when slurry is 
immediately deeply incorporated (Webb et al., 2005). Ammonia emission from mineral 
fertilizers are much smaller than from animal manures, except for urea. Ammonia 
emission is higher from urea than from ammonium-nitrate fertilizer (Velthof et al., 1990). 
 
The application of manure to soil increases the contents of NH4

+, and of easily 
mineralizable N and C in the topsoil. This in turn may increase nitrification and 
subsequently denitrification locally by which NO, N2O and N2 are produced. Organic 
compounds from slurry and manure provide readily available substrate for denitrifiers 
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(Dendooven et al., 1998). Application of animal slurries to soils increases the emission of 
N2O, but there are large differences between types of manures due to differences in 
composition (Velthof et al., 2003). So far, most studies suggest that the N2O emission 
from animal slurries applied to grassland is less than the N2O emission from an 
equivalent amount of nitrate-based N fertilizer (e.g. Egginton and Smith, 1986; Velthof 
and Oenema, 1993; Velthof et al., 1997).  
 
Nitrogen application rates via manure and fertilizers exceeding the N removal by harvest 
products may result in nitrate leaching to ground and surface waters (e.g. Van Beek et al., 
2003; Ten Berge et al., 2004). The risk of leaching of manure N differs from that of 
fertilizer, because on the hand part of the organic N is mineralized after the growing 
season (increasing the risk), but on the organic matter in manure increases denitrification 
(decreasing the risk).     
 
N emission from grazed pastures 
The loss of NH3 from grazed pastures is related to pasture productivity, grazing intensity 
and environmental conditions. There are strong seasonal variations due to variations in 
weather conditions, grazing periods and fertilizer applications (Bussink and Oenema, 
1996) The NH3 volatilization from grazed grassland is related to N fertilizer input. 
Fertilizer N increases herbage production and the N content of the herbage. As a 
consequence, more animals can graze the pasture and more N is excreted by the grazing 
animals. Further, more N will be excreted via urine when the protein content of the 
herbage increases.  
 
Urine and dung are sources of both NO3

- and available organic C and, therefore, the 
denitrification activity can be very high in urine and dung affected soil (Van Groenigen et 
al., 2005). Treading and trampling by grazing animals also contribute to denitrifying 
activity because of soil compaction. Urine patches contain large amounts of N, and N 
leaching losses in grazed grassland are usually related to urine (and dung) patches, 
especially for grazing in autumn (Hack ten Broeke et al., 1996). Adjustment of the 
grazing regimes strongly affects N leaching losses. However, it also affects the amounts 
N excreted and stored in house and in manure storage systems, and hence the N 
emissions from these compartments of the farming system. To avoid pollution swapping, 
grazing systems should be optimized considering the environmental and agricultural 
(economic) aspect on the whole farming system.     
 
Effect of the composition animal feed 
Animal nutrition affects the composition of the manure and thereby also N and C 
transformations and losses during storage and after soil application (Velthof et al., 2005). 
Adjustment of animal nutrition is thus a tool to decreases gaseous N losses from animal. 
The use of animal manures may be strongly improved by modifying the composition of 
the animal feed to site-specific conditions and animal types, taking both agricultural, 
environmental, and socio-economical consequences into consideration. This asks for a 
multidisciplinary approach of the C and N flows in the whole chain ‘feed – animal – 
manure - manure storage – soil – plant (Figure 7).  



 23

N2O emission 

N, C, P 

animal feed

animal 

dung urine 

manure

manure storage 
 

CH4 emission 

CH4 emission 

NH3 emission 

N, C, P 

N, C, P 

N, C, P 

animal 
production 

NH3 emission  
N2O emission 
grazing animals 

 C 
N P

 C 
N P

soil 
 

plant 

NH3 emission 
N2O emission 

plant-available N, P 

soil 
organic 
matter 

C, N, P sequestration 

N, P leaching 

NOx emission 
 C 

N P

N en P 
fertilizer 

 
 
Figure 7. Feedman approach; schematic presentation of the C and N flows in the chain 
animal feed – animal - dung/urine – stored manure – soil – plant, showing that the 
composition of the animal feed affects the agricultural (C and N sequestration, plant-
available N) and environmental performance of manure. 
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1.2.5. Integration of environmental and agricultural policy in EU 
 
Integration of environmental policy with agricultural policy has been a major item on the 
EU policy agenda from the end of the 1980s. The world summit in Rio de Janeiro in 1992 
emphasized the need of environmental sustainability, and has furthered the process of 
integration. The McSharry reforms of the Common Agricultural Policy (CAP) in 1992 
led to the implementation of the first Agri-environmental Regulation (EEC 2078/92). 
Also codes of ‘Good Farming Practices (GFP)’, i.e. agricultural production methods 
compatible with the requirements of the protection of the environment and the 
maintenance of the countryside are being promoted though the Common Agricultural 
Policy (CAP). The Nitrates Directive 91/676/EC, approved in 1991, requires Member 
States to identify, specify and encourage farmers to apply so-called ‘Good Agricultural 
Practices (GAP)’ for animal manure and fertilizer. The prospect of EU enlargement to the 
Central and Eastern European countries and the continuing pressure for trade 
liberalisation stimulated a further reform of the CAP and an integration of environmental 
considerations into EU policy. It resulted in the 1996 Cork Declaration which placed 
sustainable rural development at the top of the EU agenda. The ideas of the Cork 
declaration formed the basis for the Agenda 2000 reforms and the implementation of 
these into regulations such as the Rural Development Regulation (RDR) (1750/99), the 
so-called second pillar measures, and the Mid-Term Review proposal (Commission of 
the European Community, 2002).  
 
Currently, agriculture and especially the use of animal manure and fertilizers are affected 
by three categories of EU policies and measures (De Clercq et al., 2001): (i) Agenda 
2000 and the reform of CAP; (ii) Water Framework Directive, including the Nitrates 
Directive; and (iii) Air quality Directive (with links to IPCC-Directive, NEC Directive 
and UNECE-CLTRAP). These are further discussed below. 

Agenda 2000 
Agenda 2000 is an action program launched in 1997 by the EU to increase 
competitiveness, to enhance standards of food safety and quality, and to ensure a fair 
standard of living for the agricultural community. It addresses the reform of the CAP and 
the structural policy, including a further decoupling of production and income support. In 
environmental terms, the focus of Agenda 2000 is on (i) less-favored areas and areas with 
environmental restrictions, and (ii) on agricultural production methods designed to 
protect the environment and to maintain the countryside. Hence, farmers who apply good 
farming practices, decrease livestock density, upkeep the landscape, and/or conserve 
areas with high nature value, are receiving economic benefits, to cover both the 
compulsory environmental programs as well as changes on the extensification premium. 
 
Cross-compliance was introduced in the EU by the Agenda 2000 CAP reform. Member 
states are allowed to link environmental conditions to direct payments granted to farmers. 
In June 2003 cross-compliance has become an obligatory element of CAP. Cross-
compliance indicators should be based on well-defined standards, and appropriate 
indicators should warrant the effectiveness (and control) of implementation. There are 
two major aspects of cross-compliance in the Single Farm Payment: (i) Compliance with 
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18 Statutory Management Requirements (SMRs) covering the environment, food safety, 
animal and plant health and animal welfare (set out in Annex III of CR 1782/2003), (ii) 
Compliance with a requirement to maintain land in Good Agricultural and Environmental 
Condition (GAEC). GAECs are defined at national or regional level and should warrant 
appropriate soil protection, ensure a minimum level of maintenance of land and avoid the 
deterioration of habitats (set out in Annex IV of CR 1782/2003).  
  

Water Framework Directive (including Nitrate Directive) 
The Water Framework Directive is the most substantial piece of EU water legislation. It 
requires all inland and coastal waters to reach good ecological status by 2015. It will do 
this by establishing a river basin district structure within which demanding environmental 
objectives will be set, including ecological targets for surface waters. It addresses all 
compounds that affect the ecological status of surface waters, including N and P from 
agriculture. The Water Framework Directive establishes also a framework for the 
Integrated Program on Water Quality Management. It includes: (a) water quality 
standards; (b) emission limits; and (c) legislations and measures. It encompasses a large 
number of other directives. So far, most important for agriculture is the Nitrate Directive 
(91/676/EC), which has been agreed upon by all member states in 1991 and which must 
have been implemented by 2003. 
 
The main objective of the Nitrate Directive is “to decrease water pollution caused or 
induced by nitrates from agricultural sources and prevent further such pollution”. For 
this, all member states have to take various measures (i.e., designate vulnerable zones 
and establish action and monitoring programs and a code of good agricultural practices 
for these zones). Nitrate vulnerable zones must be designated on the basis of monitoring 
results which indicate that the groundwater and surface waters in these zones are or could 
be affected by nitrate pollution from agriculture. The action program must contain 
mandatory measures relating to: (i) periods when application of animal manure and 
fertilizers is prohibited; (ii) capacity of and facilities for storage of animal manure; and 
(iii) limits to the amounts of animal manure and fertilizers applied to land. In addition to 
these measures, Codes of Good Agricultural Practices (GAP) are defined for different 
agricultural systems which are expected to be required to meet the targets of the Nitrate 
Directive. Member states are obliged to monitor the nitrate concentrations of 
groundwater and surface waters to assess the impact of the measures, and to report the 
results to the European Commission. So far, there is a wide variation between member 
states in the interpretation of vulnerable zones (e.g. Figure 8) and in the interpretation 
and implementation of action programs and codes of good agricultural practices (De 
Clercq et al., 2001). 
 



 

Figure 8. Designation of nitrate vulnerable zones in 15 member states of the EU (source 
EEA, 2003)  

EU Air Quality Directive 
The EU Air Quality Directive (1999/30/EC) sets limits to the emission of ammonia and 
N oxides (and other gases, mainly from industrial sources and traffic) into the 
atmosphere, so as to abate acidification, eutrophication, and ground-level ozone. The 
directive sets targets for emission reduction to be reached in 2010 relative to the 
reference year 1990. The emission reduction targets for ammonia range between 0 and 
43% for individual member states. Mitigation measures for agriculture focus on the use 
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of urea and ammonium-based fertilizers, manure application, manure storage, animal 
housing, and an advisory code of good agricultural practice. The strict emission reduction 
targets necessitate livestock farmers in some member states to use low-protein animal 
feed and low-emission techniques for the storage, handling, and application of animal 
manures.  
 
NEC-Directive 
The NEC-Directive (Directive 2001/81/EC) states that member states must draw up 
programmes for the progressive reduction of national emissions of the four (SO2, NOx, 
VOC’s and NH3) pollutants, and report regularly to the Commission. National 
programmes have to be updated and revised by October 2006. In 2008, further review is 
foreseen, with the focus on whether or not the short-term (2010) and long-term objectives 
are likely to be met. 
 
IPPC Directive 
The Integrated Pollution Prevention and Control (IPPC) Directive was issues in 1996, 
aiming at minimizing pollution from various point sources (Annex I of the Directive) in 
the European Union, amongst others NH3 from agriculture. Under this directive, 
intensive animal production facilities (pig and poultry farms, with > 2000 fattening pigs; 
>750 sows; or > 40,000 head of poultry) are forced to apply control techniques for 
preventing NH3 emissions. Measures that can be applied (e.g. storage, improved housing 
systems, air purification, manure handling and treatment, manure application) are 
described in detail in Reference documents (BREF) for Best Available Techniques 
(BAT), including their emission factor (kg per animal place and year), and an assessment 
of economic aspects (costs/benefits), animal welfare aspects etc. In task 4 of this 
proposal, lowering the threshold for intensive animal operations, and an assessment of 
BAT for cattle – which is excluded from the IPPC at the moment – are the items 
addressed. 
 
UNECE-CLTRAP 
The Convention on Long Range Transboundary Air Pollution (C-LTRAP) was adopted 
in 1979 and entered into force in 1983. The Convention has been extended by 8 
protocols, amongst others the 1999 Gothenburg protocol to abate Acidification, 
Eutrophication and Ground-level Ozone. The LTRAP-organization chart is shown in 
figure 9. 
 
UNFCCC 
The United Nations Framework Convention on Climate Change is the main international 
agreement addressing the issue of climate change. It took effect in 1994. In 1997 the 
Kyoto Protocol was established. UNFCCC requires parties to use the Revised 1996 IPCC 
(Intergovermental Panel on Climate Change) Guidelines for National Greenhouse Gas 
Inventories. In this perspective, the EU has adopted Council Decision 93/389/EEC, and 
later the amended Council Decision 99/296/EC. 
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Figure 9. Organization of the Convention on Long Range Transboundary Air Pollution 
(C-LTRAP).  
 
 
EMEP and CORINAIR (The Core Inventory of Air Emissions in Europe) are important 
frameworks. Current NH3 emission add up to 6,5 million Tonnes, whereas ammonia 
emissions will be reduced by almost 20% in 2010 when compared to 1990. The Expert 
Group on Ammonia Abatement, lead by the UK has prepared an Advisory Code of Good 
Agricultural Practice. This code comprises 6 sections: 

a) Nitrogen management (taking into account the whole N-cycle) 
b) Livestock feeding strategies 
c) Low emission manure spreading techniques 
d) Low emission manure storage techniques 
e) Low emission animal housing systems 
f) Limiting ammonia emissions from the use of mineral N fertilizers 
The code is valid for intensive farms with the same threshold levels as under the IPPC 
Directive. 
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Furthermore, the Expert Group continuously works on updating the Guidance 
Document on Control Techniques for Preventing and Abating Emissions of Ammonia 
(EB.AIR/WG.5/1999/8/REV.3). In the approach, techniques are categorized: 
- Category 1: techniques well reached, considered to be practical, quantitative data 

on abatement efficiency are present 
- Category 2: promising techniques, but research still needed 
- Category 3: techniques shown to be ineffective or unpractical 
 
Since the NH3 emission related techniques under IPPC and CLTRAP are basically the 
same, integration of reference and guidance documents is logical. Therefore, the 
Expert Group decided in their 2005 meeting in Segovia, Spain, to strive for 
integration of the updating processes of both documents. 

 
 
1.2.6. Methods to estimate N emissions 
 
Generally, four approaches for estimating emissions of NH3, N2O, and NO3 can be 
distinguished: 
 
• a simple calculation method using emission factors (e.g in % of N applied or in kg N 

per animal head) and general N and activity data on a country level. An example of 
this approach is the calculation of greenhouse gas emissions using IPCC guidelines, 
in which greenhouse gas emissions are calculated using data of the use of N fertilizer, 
manure and other N sources on a country level and a set of default emission factors 
(e.g for see for N2O emission: Mosier et al., 1998). The method is very simple, but it 
does not take the differences in agricultural systems and environmental conditions 
into account. Similar approaches can be followed for ammonia and nitrate.  

 
• There are many methods in which emissions are calculated from refined emission 

factors and more detailed data e.g. of N sources on a regional scale, land use and 
environmental conditions. Examples are the models RAINS 
(http://www.iiasa.ac.at/rains/index.html), MITERRA (Velthof et al., 2002), and 
INITIATOR (De Vries et al., 2002).  

 
• Statistical/regression models derived from empirical data. In these models emissions 

are predicted from soil data, weather data,  manure composition etc. Examples are a 
model for ammonia emission from soil-applied manure of ALFAM project 
(http://www.alfam.dk/), the  model for nitrous oxide emission of Velthof et al. (1996), 
and a model for nitrate leaching of  Ten Berge et al. (2004). These type of models can 
only be used for the conditions from which they are derived and are mostly not 
widely applicable.  

 
• Dynamic models that simulate processes, such ANIMO/STONE (N leaching; Wolf  et 

al., 2005), DAISY (N leaching; Hansen et al., 1991), DNDC (N leaching and N2O  
emissions; Li et al., 1992a&b) and ammonia model of Monteny et al. (1998). These 
models demand a large amount and detailed input data. 

http://www.alfam.dk/
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As indicated in task 1 of the call for tender (annex a), the Commission asks for the 
development of a simple model to calculate emissions of countries and of zones that are 
vulnerable for nitrate leaching. Moreover, one of the products that must be delivered is a 
calculation sheet. Regression and dynamic process models are not suitable, because they 
demand for a lot specific and detailed data. A simple model using emission factors and 
activity data on a country level is also not suitable, because the fate of N in vulnerable 
zones can not be calculated (in these zones specific measures are taken, as described in 
the Nitrate Directive). Therefore, a model will be developed based on refined emission 
factors and statistical data on a regional scale (see part II of the proposal in which our 
methodology is described). 
 
 
1.2.7 Geographical differentiation: diverse socio-economic and pedo-environmental 
conditions in EU 
 
A common classification of territorial units for statistical purposes is the so called NUTS 
(Nomenclature of Territorial Units for Statistics). The NUTS classification divides up the 
economic territory of the Member States. The NUTS classification is hierarchical in that 
it subdivides each Member State into three levels: NUTS levels 1, 2 and 3. The second 
and third levels are subdivisions of the first and second levels respectively. The units are 
defined in terms of the existing administrative units in the Member States. An 
'administrative unit' marks out a geographical area for which an administrative authority 
has power to take administrative or policy decisions in accordance with the legal and 
institutional framework of the Member State. The NUTS level to which an administrative 
unit belongs is determined on the basis of population thresholds as follows: 
 NUTS 1: Population ranges from 3 to 7 million.  Comparable to 
Gewesten/Regions in Belgium; Länder  in Germany; Continente, Regiao dos Açores and 
Regiao da Madeira in Portugal; Scotland, Wales, Northern Ireland and Government 
Office Regions of England in the United Kingdom.  
 NUTS 2: Population ranges from 0.8 to 3 million. Comparable to 
Provincies/Provinces in Belgium; Regierungsbezirke in Germany; Periferies in Greece; 
Comundidades y ciudades autonomas in Spain; Régions in France; Regions in Ireland; 
Regioni in Italy; Provincies in the Netherlands; Länder in Austria.  
 NUTS 3: Population ranges from 0.15 to 0.8 million. Comparable to 
Arrondissements in Belgium; amtskommuner in Denmark; Kreise/kreisfreie Städte in 
Germany; nomoi in Greece; provincias in Spain; départements in France; regional 
authority regions in Ireland; provincie in Italy; län in Sweden; maakunnat/landskapen in 
Finland.  
 
Between and within NUTS, different pedo-climatic zones can be distinguished, 
characterised by a specific mix of farming systems, environmental characteristics and 
sensitive areas. When looking at the main characteristics of the environmental zones it is 
clear that the pedo-climatic characteristics may differ strongly. Within the EU, the zones 
with the lowest share of utilised agricultural area are either in the mountainous zones, 
Alpine and Mediterranean Mountains, or in the most northern latitude zones; Alpine 
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North, Boreal and Nemoral. The zones with the best climatic conditions for agriculture, 
those with enough precipitation and/or long enough growing seasons, are Continental, 
Atlantic, Lusitanian, Pannonian and Mediterranean. The Mediterranean zones have the 
longest growing season but precipitation is a constraining factor, explaining the relatively 
low share in arable land in total UAA, a high share in irrigated arable land.  

The zones with the most intensive farming systems are the Atlantic Central, and 
Continental and Nemoral, but only for as far as it involves the EU-15. In the Nemoral 
zone the farming systems presented are very intensive, but they only make up a small 
part of the total land area. In the Nemoral zone, but even more in the Boreal and Alpine 
North, the climatic circumstances hardly allow for agriculture, especially the arable 
agriculture. In the Mediterranean and Lusitanian zones the diversity in farm types seems 
to be largest, since both cropping and livestock systems are well represented as well as 
high and low intensity systems. There is also a very high share of High Nature Value 
Farmland in these zones  (Metzger et al. 2004).  
 
Because of divergent agricultural production constraints in different pedo-climatic 
regions and agricultural production settings, there is a wide variety of types of animal 
production and in crop production systems across Europe. Also, conditions for ammonia 
emission and nitrate leaching greatly vary across Europe. Evidently, such different 
environmental conditions often demand for different measures and policies. This 
indicates that systematic analyses of detailed information about agricultural production 
systems, physical settings, environmental requirements and related N cycling processes 
are needed.  
 
Ammonia emissions from agriculture largely depend on the amount of ammoniacal N in 
the animal manure and fertilizers and on their exposure to the atmosphere (see also 
section 2.4). Weather conditions also have a large effect on ammonia emission but soil 
hydrological conditions have little or no effect. In contrast, nitrate leaching is highly 
dependent on soil hydrological conditions and on farm management practices (section 
2.4). As a consequence, areas greatly vary in their vulnerability to nitrate leaching. 
Within the framework of the EU Nitrates Directive, member states are obliged to 
designate areas in their territory (Nitrate Vulnerable Zones or NVZs) that drain into fresh 
surface waters and/or groundwater (Article 3, Annex 1) that contain, or could contain 
more than 50 mg/l nitrate if actions prescribed in the Nitrates Directive are not taken. 
This is valid for freshwater bodies, estuaries, coastal waters and marine waters that are 
now eutrophic or that in the near future may become eutrophic if actions prescribed in the 
Nitrates Directive are not taken. Obviously, the designation of nitrate leaching vulnerable 
zones does not match with the zonation of NUTS, but is related to soil hydrological 
conditions and the vicinity to water bodies. 
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Annex a. Call for tender  
Service contract: Integrated measures in agriculture to reduce ammonia 
emissions. Reference no ENV.C.1/SER/2005/0035.  
 

I. Background information 
 

The European Commission is planning to adopt by mid 2005 a Thematic Strategy on air 
pollution. The objective of this Strategy is to meet the objectives of the Environmental action 
plan, which have the aim of  achieving levels of air quality that do not give rise to significant 
negative impacts on and risks to human health and the environment. The Clean Air for Europe 
program has produced the scientific basis for the Strategy 
(http://www.europa.eu.int/comm/environment/air/cafe/index.htm). Various health and 
environmental ambition levels for 2020 have been evaluated and a global ambition level will be 
proposed in the Strategy.  
 
On the basis of the national reports and during the preparation of the Strategy, it has been 
demonstrated that ammonia emissions participate to the eutrophication and acidification and to 
the formation of secondary particulate matter in the atmosphere. The main source of ammonia 
emission is agriculture (cattle farming for about 40%, pig and poultry about 40%, and the use of 
N-fertilisers about 20%). These ammonia emissions and impacts have been quantified using the 
RAINS model developed by IIASA (http://www.iiasa.ac.at/web-apps/tap/RainsWeb/). The model 
allows identifying the most cost effective packages of measures to meet various environmental 
and health objectives, such as the objectives of the Strategy. Different abatement technologies 
and associated costs are included in the model. For each country, assumptions on projections of 
the main drivers for the agricultural sector (such as animal numbers, fertiliser use) and on the 
penetration rate of the various agricultural practices and technologies were made on the basis of 
bilateral consultations with the countries and as a results of a questionnaire sent to all Member 
States (http://www.iiasa.ac.at/rains/reports/ir-04-048.pdf ). The data on abatement technologies 
used in the RAINS model are based amongst others on the guidelines for ammonia abatement 
developed and updated by Working Group on Ammonia Abatement of the UNECE Convention 
on Long Range Transboundary Air Pollution (CLRTAP) 
(http://www.unece.org/env/aa/welcome.htm).  
 
In a first approach, the following measures to reduce ammonia were identified in the Thematic 
Strategy: (i) In the framework of the revision of the emission ceilings under the National 
Emission Ceiling directive (NEC) (2000/1258/EC) — integration of new objectives for 
eutrophication, acidification and for particulate matter. As a consequence, new emission ceilings 
for ammonia will be developed before end 2006 as well as new guidelines for the national 
programs required under the directive. (ii) In the context of the general review of the Integrated 
Prevention and Pollution Control (IPPC) directive, a possible extension of the directive to include 
installations for intensive cattle rearing and a possible revision of the current thresholds for 
installations for the intensive rearing of pigs and poultry.(iii) In the context of the current rural 
development regulation and the Commission proposals for rural development for 2007-13, the 
Commission encourages the Member States to make full use of the measures related to farm 
modernisation, meeting standards and agro-environment to tackle ammonia emissions from 
agricultural sources 
 

http://www.europa.eu.int/comm/environment/air/cafe/index.htm
http://www.iiasa.ac.at/web-apps/tap/RainsWeb/
http://www.iiasa.ac.at/rains/reports/ir-04-048.pdf
http://www.unece.org/env/aa/welcome.htm
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In the evaluation of the measures aimed at reducing ammonia emissions, the necessity and the 
interest of an integrated approach to the nitrogen cycle (N cycle) as a whole was highlighted, in 
order to address ammonia, but also nitrous oxide (N2O) and nitrate emission. The importance and 
relevance to consider the nitrogen cycle as a whole for policy development was recently 
highlighted notably through the Nanjing declaration on nitrogen management 
(http://www.initrogen.org/nanjing_declaration.0.html).  Such an integrated approach shall also 
cover methane emissions, which are intensively linked to the nitrogen cycle. Measures aiming at 
reducing the emissions of one of those pollutants could imply either a reduction, an increase or 
have no effects on other pollutants. 
 
During the preparation of the Strategy, the integrated approach was only partly taken into account 
notably because the current version of the RAINS model does not include estimates of the effect 
of the different measures taken to reduce ammonia emission on nitrate losses to the aquatic 
environment. On the other hand, the impact of measures taken to reduce nitrate emissions to 
water on ammonia, N2O and methane emissions is not yet assessed. The integrated approach to 
N-cycle should be considered, taking also into account the obligations set out by the Water 
Framework Directive (2000/60/EEC) to achieve a good status for all water by 2015, which may 
have as implication, the need to reduce nutrient inputs via fertilisers beyond the levels currently 
required, notably in order to tackle phosphate water pollution and eutrophication. 
 
Finally, in the framework of the revision of NEC directive, a new baseline scenario will be 
developed by IIASA and submitted to bilateral consultations with the stakeholder. This new 
baseline will include new energy and agriculture projections integrating the measures taken by 
the Member States in order to meet the objectives of the Kyoto protocol. The impact of the CAP 
reform as assessed by a recent study of EEA will also be integrated. The new baseline should be 
finalised for end 2005.  
 
II Objectives 
 
The objective of the contract is to have defined the most appropriate integrated and consistent 
actions to reduce various environmental impacts (notably water, air, climate change) from 
agriculture. 
 
Specifically, the objective is to have developed and applied a m allowing to assess and quantify 
the costs and the cost and the effects of various policies and measures aiming at reducing the 
impact of agriculture on water air pollution and climate Both ancillary benefits and trade offs of 
measures need to be identified. The impacts and feasibility of the most promising measures needs 
to be analysed in depth. 
 
III Description of tasks 
 
The tenderer shall provide in his offer a proposal for a work plan and methodology for each 
identified task and sub-task to achieve the objectives of the assignment. This work plan will be 
discussed with the Commission within one month of the signing of the contract at a kick-off 
meeting. At that meeting the details of the work plan will be decided to be included in the 
inception report with the final work plan. It is essential in the offer to clearly state the sources of 
information for each task and hence to avoid double work as compared to existing 
contracts/reports/studies. The place of performance will be outside Commission premises (extra 
muros). 

http://wwwinitrogen.org/nanjing_declaration.0.html
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The EU 25 Member States are to be covered in this assignment and as far as possible Romania, 
Bulgaria, Turkey and Croatia. For these 4 countries, the tenderer should describe in its offer the 
limitations he expects to encounter and their implications for the output of each task. If necessary, 
for specific sub-tasks to be specified in the offer, a methodology could be proposed based on the 
detailed analysis of case studies in certain representative Member States or 
geographical/agricultural zones to enable a general assessment for all the countries. The tenderer 
should justify in its offer the relevance and representativeness of the possible case studies he 
intends to propose. 

As the Commission has used the RAINS model as a basis for the Strategy and will use the same 
model in order to prepare the review of the NEC ceilings, it is important to explain in the offer 
how the contractor will use and build bridges with the information, results and approaches of the 
RAINS model and the associated CAFE cost and benefit analysis In addition, all the calculations 
will be achieved for the same years as those used in the RAINS model. The contractor will have 
to reserve some resources to ensure a good understanding and compatibility with the RAINS 
model, including if necessary direct contacts with the IIASA team. 

 

Task 1: Develop an integrated approach 

It is expected from the contractor to develop a simple method to assess the impact on nitrate 
measures/technologies aiming at reducing ammonia emissions as integrated in the RAINS model. 
Similarly, the impact on ammonia, N2O and methane emissions of at least 3 level of 
implementation of the nitrate directive will be assessed This will require development of an 
integrated model parameters and data for the assessment. 

The following sub-tasks are suggested: 

a). For each of the abatement technologies identified in the RAINS and in the UNECE WG 
guidelines for ammonia abatement estimation of its implication in terms of nitrate emission; 

b.) Development of a method allowing to make bridges between on one hand the grid/country 
approach as developed in RAINS and the linked models (such as the atmospheric pollutant 
dispersion model EMEP) and on the other hand the different zones as defined in the nitrate 
directive; 

c). Assuming 3 of implementation of the nitrate directive (partial, full compliance, reinforced 
actions, to address phosphate pollution and to meet the good water status of the WFD by 2O1 for 
each Member State, identification of the measures aiming at reducing nitrate emissions in the 
waters and assessment of their implications in terms of air emissions. The measures to be 
considered should be those to be included in the action programme according to the nitrate 
directive and in particular the measures of annexes II and III. It is expected from the contractor to 
define as far as possible the possible other specific measures and reinforced actions to be included 
by the Member States in their programs for nitrate vulnerable zones according to article 5 
paragraph 5 of the nitrate directive; 

d). Analysis of the consequences on nitrate emissions and as far as possible on the compliance 
with the directive of at least 3 scenarios with the RAINS model and chosen after consultation 
with the Commission.  

The final output of this task will be report covering the task and sub tasks as described above 
accompanied with a documented calculation sheet allowing the Commission to make additional 
simulations on the basis of both RAINS new scenario and other measures which could be taken 
under the nitrate directive 
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Task 2: Analysis of International and European instruments 

The contractor will analyse the existing European and international (under the CLRTAP and 
climate change Conventions) instruments aiming at reducing emissions of nitrous oxide and 
methane, ammonia and nitrate in the waters. This concerns at least the code of good practises 
(notably those developed under the Nitrate Directive and under the CLRTAP Convention), 
provisions under the two pillars of the CAP, action plans in the vulnerable zones under the nitrate 
directive. In its offer, the tenderer should clearly identify the relevant instruments he intends to 
analyse. 

It is expected from the contractor to identify the possible synergies (and/or possible antagonisms 
— if any) in existing International and European policies accompanied with recommendations to 
ensure an optimal coherence. 

The final output of this task will be a technical report covering the task and sub-tasks as described 
above. 

 

Task 3: In depth assessment of the most promising measures 

Based on the results of task 1 and 2, and on other relevant sources of information and expertise to 
be detailed in the offer a list of the most promising (package of) measures will be identified and 
proposed to the Commission for in depth analysis. For each measure a broad assessment of its 
cost and impact will be achieved. In order to be considered as promising, the (package of) 
measure should correspond to the following criteria i) co-beneficial effects for water, air, climate 
change and soil protection; ii) feasible notably from an administrative and enforceability point of 
view; iii) potentially acceptable by the farmers notably for what concerns costs and additional 
efforts at• farm level; iv) compatibility with the need for improved animal welfare’. 

This list will include at least adapted feeding strategies aiming at ensuring the same level of 
production with a reduced nitrogen contents in food and/or an adaptation of the feeding to the 
level of growth of the animals. 

Three (3) set of (package of) measures will be selected after a dialogue with the Commission and 
assessed in depth by the contractor. On the basis of the results of the RAINS model, the output of 
task 1, and of the CAFE cost and benefit analysis, the contractor will analyse for each country the 
potential impact of the promising measures notably in terms of emission reduction, costs and 
benefits, social impact, and additional administrative burden. These assessments will be achieved 
respecting the guidelines on impact assessment as established by the Commission. 

The contractor will furthermore identify the most effective European and/or national instruments 
in order to implement this could concern new legislation, adaptation of code of good practises 
(notably those developed under the nitrate directive and under the CLRTAP Convention), 
provisions under the two pillars of the Common Agricultural policy, etc. On the basis of a 
dialogue with the Commission, he will then summarise the main elements to be integrated in 
possible future European instruments. 

The final output of this task will be a technical report covering the task and sub tasks 
accompanied with an impact assessment for the 3 identified set of measures and/or policies 
respecting the guidelines on impact assessment as established by the Commission. 

 

Task 4: Impact Assessment of a possible modification of the IPPC directive: 
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One of the proposed measures of the Strategy is the assessment of the extension of the IPPC 
directive to intensive cattle rearing installations and a possible revision of the thresholds for 
intensive rearing installations of pigs and poultry’ In the offer, a clear distinction should be 
introduced for cattle pig and poultry in way of including the impact of the CAP reform as well as 
the possible evolution of the farming structure in the new Member States should be detailed in the 
offer. The following sub-tasks are suggested: 

1. Data gathering on the current situation: For each Member State, the following information 
should be gathered: 

a) Pig and poultry installations: (1) the number of installations linked with the number of animals 
with a clear distinction between those already covered by IPPC and the others (2) a quantitative 
estimation of the environmental impacts for each size-category of installation (3) level of 
variation of environmental performance across the EU (4) estimation of the impacts of 
implementing the IPPC Directive (reduction of the environmental impacts/estimation of the 
economic and social impacts); 

b) Cattle installations: (1) the number of installations linked with the number of animals with a 
clear distinction between those already covered by national permitting legislation (which can be 
based on the concept of BAT or can fix minimum standards for the operation of such 
installations) (2) a quantitative estimation of the environmental impacts for each size-category of 
installation (3) a description of the current regulation of this sector across the EU (4) level of 
variation of environmental performance across the EU. 

2. Definition and broad assessment of various options: On the basis of existing legislation in the 
Member States (and notably any thresholds set by Member States for the purposes of the ETA 
Directive Annex II which refers to intensive livestock installations), and on the basis of its own 
expertise, the contractor will propose various realistic options (at least 3 different options) to the 
Commission for lowering the current thresholds (and introducing a new threshold for cattle 
installations). 

After approval of the proposed options by the Commission, the implications of various possible 
thresholds for each of these activities will be assessed for each country and for the EU as a whole. 
This includes at least an assessment of: (1) the number of installations which could be concerned 
(additionally to those already covered by IPPC and/or national legislation) (2) on the basis of 
possible BAT (Best available techniques), emission reductions at least of ammonia, methane and 
N emissions as well as, on the basis of the results of task 1, the implications on nitrate emissions 
(3) costs and benefits. Costs evaluation will include in particular the up take of BAT and the 
administrative burden (e.g. permits application, costs for authorities for issuing permits and 
controlling the installations). All the scenarios should be compared to a do nothing scenario, 
including in particular the application of the current Community framework (in particular the 
nitrate directive, the water framework directive and common agricultural policy,.). On this basis, 
the potential added value of a possible extension of the IPPC directive will be discussed. 

In order to calculate the potential impact of these options, the contractor is supposed to define 
broadly the possible BAT to be applied. This should be done on the basis of the existing BREF 
on intensive livestock, definition of BAT and comparison with the technologies integrated in 
RAINS. For cattle installations, for which the BAT are not yet defined at EU level, the contractor 
is expected to define the main elements which could be integrated in possible BAT and their 
associated costs, notably on the basis of existing national legislation and permitting rules which 
will be summarised in the report. Particular focus should be set on feeding strategies, housing 
techniques, storage of manure and spreading of manure. 
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Assessment of the impacts of lowering the current thresholds: On the basis of the results o t e sub-
task 2, and after approval of the Commission, one level of threshold will be chosen for each 
activity and in depth assessed in respect of the guidelines on impact assessment as established by 
the Commission. In. its offer, the tenderer is expected to include a first proposal of table of 
contents of the impact assessment. 

In addition to the impacts already analysed in task 2, local disturbance (odour, noise) and diffuse 
spreading of heavy metals and as well as social impact will notably be assessed. The social 
impact will need to take account of the economic state of the sector and the extent to which 
applying ]IPPC would affect the ability of farmers to keep operating, employment, etc. In order to 
reduce the possible social impact, it is expected from the contractor to identify possible European 
accompanying measures. 

The final output of this task will be a technical re ort covering the task and sub tasks as defined 
above accompanied with a complete proposal o impact assessment for the selected scenario for 
each sector strictly respecting the guidelines on the impact assessment as established by the 
Commission. 

 

Task 5: Stakeholder consultation, presentations, workshop 

In its offer, the tenderer will describe its methodology to ensure an appropriate stakeholder 
(including NGO’s, farmer organisation, Members States experts, etc) consultation. It is expected 
from the contractor to present the results in various relevant working groups notably under the 
IPPC, nitrate and national emission ceiling directives. At least six presentations/meetings in 
Brussels should be foreseen in these specialised working groups. In addition, at least 3 follow-up 
meetings should be foreseen with the Commission representatives. Depending on the proposals of 
the contractor, ad-hoc workshops and/or expert meetings could be organised in Commission 
buildings. 
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