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Summary

The background of this assessment report is the TEE&matic Strategy on Air
Pollution (TSAP). In the TSAP, the European Comioissoutlined the strategic
approach towards cleaner air in Europe (CEC, 2006)decrease the emissions of
ammonia (NH) from agriculture, the following approaches wetenitified:

1) The National Emission Ceiling Directive (NEC) (20DB58/EC) will be reviewed
in 2007 and emission reduction targets will be dixtbat are needed to meet the
environmental and health objectives of the Them&trategy on Air Pollution. In
the framework of the revision of the emission ogé under the NEC, integration of
new objectives for eutrophication, acidificationdafor particulate matter are
required.

2) A possible extension of the Integrated Preventioth Bollution Control Directive
(IPPC) to include installations for intensive aattbaring and a possible revision of
the current thresholds for installations for theeisive rearing of pigs and poultry.
The review of the IPPC is done parallel to the TSAP

3) In the context of the Rural Development Regulafienthe period 2007-2013, the
Commission encourages Member States to make fellbtithe measures related to
farm modernisation, meeting standards and agro@mvient to tackle NK
emissions from agricultural sources.

During the preparation of the TSAP, the desiredgrated approach was only partly
taken into account, because no tools were avaitabdssess for example the effect of
measures taken to decreasezMrhission on nitrate losses to the aquatic enviesrim
Also, no assessments were available about the implacneasures taken in the
framework of the Nitrates Directive to decreaseang emissions to water, on BlH
nitrous oxide (MO) and methane (Cfiemissions. Further, the impact of the reform of
the Common Agricultural Policy (CAP) on N use irriaglture and N emissions from
agriculture were not addressed in the preparatidhed TSAP. Hence, further studies
were needed to be able to implement the integigtpdoach set out by the TSAP.

Within the Service Contract No 070501/2005/422822RVIC1- “Integrated measures
in agriculture to reduce ammonia emissions”, Tasle8ls with ‘promising measures’
to decreasing N losses from EU agriculture. The @fiffiask 3 has been defined(gs
to identify a list of most promising (package oBasures to decrease the emissions of
ammonia, nitrous oxide and methane to the atmogphad nitrate to groundwater
and surface waters, (ii) to select three (packagf@snost promising measures after a
dialogue with the Commission, and (iii) to makeradepth assessment of the cost and
impact of these (packages of) most promising mea&uin order to be considered as
promising, the (package of) measure should correspmthe following criteria:

(i) Co-beneficial effects for water, air, climate charand soil protection;

(i) Feasible notably from an administrative and enfalodéy point of view;

(iif) Potentially acceptable by the farmers notably fdratvconcerns costs and

additional efforts at farm level,
(iv) Compatibility with the need for improved animal veeé’.

This report deals with the identification and setet of ‘most promising measures’,
provides justification for the approach and assuwngtin the model assessments, and
presents the results of the assessments. The noosisphg measures assessed are:
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() improving N use efficiency in animal produati@nd lowering the N excretion of
livestock through improved animal feeding (low-@iatanimal feeding)

(i) improving N use efficiency in crop producti@md lowering N input in agriculture
through balanced N fertilization; and

(i) combination of most promising measure (iiJupl enforced implementation of
technical measures to decreaseshhissions.

The assessments have been carried out using tlegrated assessment tools
MITERRA-EUROPE and CAPRI. Both models allow theesssnent of the effects of
various measures on the emissions of N to the ginews, groundwater and surface
waters. In addition, CAPRI is an economic optim@attool which allows making
economic assessments of the promising measures.

The results indicate that the implementation of -jmetein animal feeding has
multiple beneficial environmental effects. The asseents by MITERRA-EUROPE
indicates that a decrease of 10% in the proteitecdrof the animal feed on all farms
will lower the NH; emissions by about 5% and the N leaching and ens®f NO
by about 3% relative to the ND full 2020 referesoenario. This indicates that low-
protein animal feeding has synergistic effects. rBasing the protein content of the
animal feed by 20% would further decrease the; Mhhissions by 10% and the N
leaching and emissions ok® by 6% relative to the ND full 2020 reference suém
Hence, the effects of the decreases in proteirecbrire suggested to be linear.

Balanced N fertilization also has multiple beneficenvironmental effects. Full
implementation of balanced fertilization accordMTERRA-EUROPE in this study
(removing ‘over-fertilization’) was equivalent t@creasing the N input via N fertilizer
by on average 11% and that via animal manure b 8%, relative to the ND full
2020 reference scenario. Balanced fertilization [féBa 2020) decreases the BH
emissions by 6%, N leaching by 14% and the emisstdri\,O by 6% relative to the
ND full 2020 reference scenario. However, balantatllization as applied in this
study is not without cost for the farmer. It magrease the risk of a decrease in crop
yield. Furthermore, areas with high livestock dgnsnay be forced to lower the N
content of the animal manure through low-proteimeah feeding or may have to treat
the manure, to be able to implement balancedifetibn and to utilize the nutrients in
the animal manure efficiently. The balanced N fiedtion measure has considerable
perspectives for decreasing the N loading of tharenment, but when applied too
strict it can have considerable agronomic and ewoneffects. Further sensitivity
analyses are needed.

Combined implementation of an optimal set of Némmission abatement measures
(RAINS optimized 2020) and balanced fertilizatio@gtimal Combination 2020’) has
also ‘far-reaching’ effects. According MITERRA-EURE simulations, it decreases
the NH; emission by another 20% relative to the ND fulkQ@eference scenario to a
level of ~ 2380 kton NElfrom agriculture in EU-27. This level is below tterget
levels (~ 2450 kton for EU-25 and ~2650 kton for-EZ) Aman et al., 2006b) needed
to achieve the objectives of the Thematic StrategyAir Pollution in 2020. In
addition, the Optimal Combination 2020 scenariorelases mean N leaching by 17%
and mean BD emissions by 4% relative to the ND full 2020 refece scenario.
However, the Optimal Combination 2020 scenariodswithout cost for the farmer.
The annual cost of the NHemission abatement measures have been estimaied it
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billion for the EU-25, in addition to the cost ay associated with current legislation.
Further, relatively large amounts of manure N h&wvebe ‘neutralized’ through a
combination of low-protein animal feeding and mantreatment and manure disposal
In some regions, at considerable additional costs.

The key results from the CAPRI simulations are samred in Table A.

Table A. Simulation results of low nitrogen feedipalanced fertilization and ‘optimal
combination’ measures vs. ND full 2020 in EU2, gSBAPRI.

consumer total econ total CH4 total N20

agric income welfare welfare total NH3 loss emisions emisions leaching

[m €] [m €] [m €] [kton] [kton N] [kton N] [kton N]

BALFERT -2130 116 -2027 -145 2 -50 -416
LNF10 all -6089 -2910 -10682 -205 70 -36 -127
LNF10 IPPC -197 -1635 -2041 -36 12 -6 -14
LNF20 all =732 -23767 -30280 -445 -341 -82 -267
Opt combination -9603 -3797 -15018 -651 38 -50 -527

abatement relative to welfare cost estimate
NH3 [g/ €] CH4[g /€] N20 [g/ €] leaching [g / €]

BALFERT 72 -1 25 205
LNF10 all 19 -7 3 12
LNF10 IPPC 18 -6 3 7
LNF20 all 15 11 3 9
Opt combination 43 -3 3 35

Clearly, balanced fertilization achieves significanprovements on leaching and also
ammonia at moderate cost. Low-protein feeding agpbr involved greater losses for
the economy per saved emissions but it is imporifatite contribution of balanced
fertilization alone is insufficient. It is evidetitat a great part of the economic loss is
born by consumers. Price increases of 10% and imave been projected under the
ambitious variant of low protein feeding and theesof these price increases in part of
the uncertainties. Among other influences they @irgn the unknown degree of
consumer preferences for EU produced meat whickradgte the amount of pass
through of additional cost in the livestock sectdfith greater substitutability the
economic losses would fall more on agriculture tlean consumers. The optimal
combination is shown to yield significant contriloms at an economic cost between
those of the BALFERT and LNF scenarios. The econoooists do not encompass
estimates of the additional administrative cosEuh and national administrations and
advisory services. On the other hand the term toédiare cost should not be read as
implying that the overall economic balance is negatAs no monetary values have
been assigned to the abatements achieved, it $hp@and even likely that the overall
balance would be positive. The economic welfaré¢scos Table A have been defined
in a quite narrow sense and refer only to the cotiweal welfare components.

The results of the MITERRA-EUROPE and CAPRI simiolas agree rather well.
Though the activity data are based on similar sssjr¢he modelling concepts are
different. CAPRI is an economic optimization modelhile MITERRA-EUROPE
largely is an empirical factor model. Both modetsva at the conclusion that the
identified most promising measures can contributeatly to the decrease in the
emissions of Nhland NO to the air and the leaching of N to groundwatet surface
waters. However, these benefits are not withoutscoghe differences between the
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MITERRA-EUROPE and CAPRI simulations can be seenaasontribution to
sensitivity analyses.

The scope for lowering the total N excretion ofraals in the EU-27 by 10 to 20% is
based on the following combination of measures:
» lowering the protein content of animal feed, withvdthout additions of specific
amino acids and improved phase feeding;
* improvement of the genetic potential of the herds, increasing the milk yield per
cow and the growth rate of pigs, poultry and beials; and
» lowering the replacement rate of dairy cattle, éasing the growth rate of young
dairy stock and lowering the age of the young stdirst calving.
The suggested decrease of the N excretion by amibyatoughly 10-20% in the next
10 to 15 years will be achieved only with properentives, including
- training and advising farmers;
- demonstration trials and demonstration farms;
- covenants with animal feed industry and farmers;
- research for improving the requirement of animas dmino acids and the
diagnosis of amino acids in diets.
For making more accurate assessments of the ptssfieclowering N excretion
through further lowering of the protein contenttfre animal feed, it is recommended
that a thorough survey is being made of the anifeatling practices and animal
performances in the EU-27.
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1. Introduction

Nitrogen (N) is a key input in agriculture. The #dahility of relatively cheap N
fertilizers from the 28 century onwards has contributed greatly to in@edsod and
feed production, though not equally on all contisefSmil, 2000; 2001). This
increased food and feed production allowed the mupwpulation to double and the
number of domestic animals to triple between 196@ d000. Forecasts suggest
further increases in human population and animaibars in the range of 30 to 50%,
respectively, suggesting the need for increasinguams of available N (Bruinsma,
2003; Mosier et al., 2004). Current global N fezél use is about 80 billion kg (80
Tg), but not more than 50% of this N is utilized tye crop while the remainder is
dissipated into the wider environment (Mosier et 2004). On average not more than
30% of the amount of N excreted by livestock (glghd00 - 130 Tg per year) is
utilized by the crop, while the remainder is dissgu into the wider environment
(Smil, 1999; Oenema and Tamminga, 2006).

In response to the environmental side effects @f iticreasing N losses from
agriculture, especially during the period 1960-198€xies of environmental policies
and measures has been implemented in the Europeem (EU) from the early
1990s onwards (e.g., Romstad et al., 1997; De Gletral., 2001). These policies and
measures specifically aim at decreasing the emmssid NH; to the atmosphere, the
leaching of N@ to groundwater and surface waters, and the emissibgreenhouse
gases, notably XD, CH, and CQ to the atmosphere.

There is increasing awareness that the large nuofbpolicies and measures might
not be the most efficient way of decreasing N emoiss Moreover, there is increasing
awareness that measures aiming at decreasing iksi@ms of one N species or one N
loss pathway may increase the emission of anothepéties and/or another N loss
pathway, when the policies and measures are nfitisufly integrated. Evidently,
there is need for integrated measures that decadldsdosses from agriculture.

Within the Service Contract No 070501/2005/422822RVIC1- “Integrated measures
in agriculture to reduce ammonia emissions”, Tasle8ls with ‘promising measures’
to decreasing N losses from EU agriculture. The @irmask 3 has been defined in the
call for tender agi) to identify a list of most promising (packagf® measures to
decrease the emissions of ammonia, nitrous oxidenagthane to the atmosphere and
nitrate to groundwater and surface waters, (ii) delect three (packages of) most
promising measures after a dialogue with the Corsimis and (iii) to make an in-
depth assessment of the cost and impact of thesekgges of) most promising
measures”.

In addition, the most effective European and/oriomal instruments should be
identified to implement the most promising measures

In order to be considered as promising, the (paekdmeasure should correspond to
the following criteria:
(v) Co-beneficial effects for water, air, climate charand soil protection;
(vi) Feasible notably from an administrative and enfalodéy point of view;
(vii) Potentially acceptable by the farmers notably fdratvconcerns costs and
additional efforts at farm level,
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(viii) Compatibility with the need for improved animal Veeg’.
The call for tender mentioned that “the list of trpsomising measures will include at
least adapted feeding strategies aiming at enstnegame level of production with
reduced nitrogen content in the feed and/or antatlap of the feeding regime to the
level of growth of the animals”.

This report focuses on the identification and de@ecof these single promising
measures, provides justification for the approacdd assumptions in the model
calculations, and presents the results of the sissrgs.

Chapter 2 deals with the identification and setectof three (packages of) ‘most
promising measures’. The next three chapters (Ena8, 4 and 5) deal with the
underpinning and justification of the implementatiof these three most promising
measures in practice. Chapter 6 deals with theslaion of the most promising
measures in scenarios. The next two chapters @dkiel assessments of the scenarios,
using the modeling tools MITERRA-EUROPE (Chapteraid CAPRI (Chapter 8).
Chapter 9 is the General Discussion and conclugiapter.
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2. Selection of measures to decrease nitrogen enoss from agriculture

2.1. Overview of possible measures

A large number of technical, structural and managdmelated measures for
mitigating emissions of ammonia, nitrate, phospbpmitrous oxide, methane and
carbon dioxide from agricultural systems have bseggested in literature (e.g.,
Romstad et al., 1997; Hatch et al., 2004; Kuczyleslkal., 2005; Cuttle et al., 2004;
Mosier et al., 2004; Gairns et al., 2006; Weiskalgt2006; Soliva et al., 2006). Many
of these measures have been reviewed and qualtatassessed in Task 2 Service
Contract No 070501/2005/422822/MAR/C1- “Integratee@asures in agriculture to

reduce ammonia emissions”, and have been summanzé&denema and Velthof

(2007).

Measures for mitigating emissions of ammonia, tetrgphosphorus, nitrous oxide,
methane and carbon dioxide from agricultural systeam be categorized in:

(i) management-related measures,

(ii) technical and technological measures, and

(iif) structural measures.

Management-related measures include best manag@maatices, i.e., improving the

operational and tactical management of animal fegdnousing, manure, soils and
crops. These measures require increased knowlaudjeexperience of farmers and
therefore require training, advice and demonstnatand support by management
tools. These types of measures do comply with tieri@a of most promising measures
indicated in the call for tender.

Technical and technological measures often reguvestments in ‘hardware’, in
machines, animal housing systems, manure storafyeanure application techniques,
anaerobic digesters and manure treatment, andraiblsers. These measures are often
costly and also require increased knowledge anerexqce of farmers and therefore
also require training, advice and demonstratiord sampport by management tools.
Some of these types of measures may comply withctheria of most promising
measures but quit a few are (too) costly.

Structural measures are least defined. A distinctian be made between large-scale
structural changes and changes in the structuréarofing systems. Large-scale
structural changes include for example (i) changesimber, type, size of agricultural
holdings and in the type and total volume of adtizal production, (ii) changes in the
relative importance of production factors and reses (land, labor, capital, energy
and management); and (iii) changes in the orgdnizaind vertical integration of food
producing and food processing chains. These largkesstructural changes do not
comply with the criteria of most promising measui@sd are therefore not considered
further. Farm-scale structural measures relatéamging the structure of the farm, for
example from mixed to specialized farming systems,from landless to mixed
livestock systems. It may also relate to clusteramgl combining various crop and
animal production systems to integrated novel systdhat have low resource
utilization and low emissions per unit of producbguced. However, such structural
measures (changes) require large capital invessnfeatthnical and social) and do not
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comply with the criteria of most promising measusd are therefore also not
considered here further.

Summarizing, most promising measures as defingdadrAmmonia Service Contract
relate to management-related measures, and to $echmical and technological
measures. Further, most promising measures musis fan input control, to

circumvent or minimize the risk on pollution swappi(see Oenema and Velthof,
2007). Hence, N input control and management-related technical/technological
measures form the building blocks of the most psimgi measures for mitigating
emissions of ammonia, nitrate, phosphorus, nitmuade, methane and carbon dioxide
from agricultural systems.

2.2. Improving nitrogen use efficiency

Major sources of N in agriculture of EU-27 are Mitifezers (about 10 Tg per year),
animal manure (produced about 9 Tg per year; applieagricultural land about 5 Tg
per year), biological Nfixation (about 1 Tg per year) and atmosphericepasition
(about 2 Tg). The N from animal manure is deriveahf animal feed and can be
considered as recycled N. Part of this recycled terived from imported animal feed.
Van Egmond et al., (2002) estimated the amount ah Nmported animal feed in
Europe at about 7 Tg per year. The N from atmasphd deposition can be
considered also as recycled N; about half is ddrfx@n NH; emitted from agriculture
and the other half is largely derived from N@erived from combustion sources.
Summarizing, the major sources of ‘new’ N in agitiexe of EU-27 are N fertilizers (~
10 Tg per year) and imported animal feed (~ 7 Tigyear). Hence, N input control as
measure for mitigating emissions of ammonia, retrgthosphorus, nitrous oxide,
methane and carbon dioxide from agricultural systesmould focus on N fertilizer
input and N input via animal feed. Lowering N inmain only be considered as ‘most
promising measure’ if crop yields and animal perfance is not significantly
decreased. Hence, lowering N input is only accdptab most promising measure if
the N use efficiency within agriculture is incredseroportionally to keep the
production level constant. Improving N use effiagns therefore another building
block of the most promising measures for mitigatergissions of ammonia, nitrate,
phosphorus, nitrous oxide, methane and carbondkdxom agricultural systems.

Improving nitrogen (N) use efficiency in agricukuis considered to be the most
promising and most integrated measure to decredssdds from agriculture (Mosier
et al., 2004; Hatch et al., 2004; Kuczybski et2005; Cuttle et al., 2004; Gairns et al.,
2006; Weiske et al., 2006; Soliva et al., 2006 )prdoving N use efficiency means that
agriculture produce is made with less N (input) dhdt N losses are decreased.
Improving N use efficiency often requires combiaatiof various management and
technological measures, including improved soilppcrand animal management,
improved genetic potential of crops and animalgl amission abatement measures.
Such packages of measures have to be implemenigly with a decrease in N input
and/or an increase in yield and N off take. Sucbktrategy has the potential of
synergistic effects, i.e. decreasing the lossealldl species at acceptable economic
costs, with minimal risk of pollution swapping ($8enema and Velthof, 2007).
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2.3. Selection of most promising measures

Balanced N fertilization in crop production and lpnotein animal feeding in animal
production combined with low-emission storage, hiagdand application techniques
for animal manure can be seen as the main vehiclesprove N use efficiency in EU
agriculture. Balanced N fertilization is an accelpiteeasure of the Nitrates Directive,
though only implemented in Nitrate Vulnerable ZofH¥Zs). It is suggested now to
extent this measure to all agricultural land in E\-27, also because of its synergistic
effects through decreasing emissions of ammonidatai and nitrous oxide
simultaneously. The Nitrates Directive in combioatiwith the Water Framework
Directive and the Groundwater Directive seem thestnigely policy instruments to
implement balanced fertilization beyond NVZs.

Low-protein animal feeding in animal productionako an accepted measure in a
number of Member States but in the EU-27 only im@ated on large pig and poultry
farms in the EU-27 through the IPPC Directive (atled IPPC farms). It is also a
measure of the Guidelines for ammonia abatemergldeed by the Working Group
on Ammonia Abatement of the UNECE Convention on d.é&tange Transboundary
Air Pollution (CLRTAP). Improving the efficiency dfl utilisation at the animal level
requires both genetic improvement of the herd,teebdescription of feed, and higher
quality feed with a proper balance of amino acasd(hence a low protein content).
The first limitation for animal production and affi@ent utilization of feed protein is
an adequate supply and intake of feed energy andoaacids in proper ratios.
Ensuring low-protein animal feeding in animal protion in practice may be achieved
through the IPPC Directive on IPPC farms but likelgo through the Nitrates
Directive. This Directive enforces a maximum apgiicn of N via animal manure of
170 kg per ha per year, and thereby exerts infli@nclowering the N excretion per
animal; the lower the N excretion per animal, therenanimals can be kept per ha
agricultural land. Alternatively, implementation d¢dw-protein animal feeding in
practice may be achieved through communicative @@rduasive instruments, as the
cost of low-protein animal feeding is relativelyMd@apart from the cost in training and
capacity building).

Low-emission storage, handling and application nepes for animal manure have
been discussed for over a century (e.g., Erism@0) and a large amount of
convincing experimental evidence has been colleatexit the effectiveness of these
techniques and measures (e.g., Burton and Tur88;2Neb et al., 2003; Kuczybski
et al.,, 2005; Rotz, 2004). In the EU-27, these neples and measures are
implemented on large pig and poultry farms in théZ through the IPPC Directive
(so-called IPPC farms), and described extensiveRRaference Documents (European
Commission, 2003). The Guidelines for ammonia abaté developed by the
Working Group on Ammonia Abatement of the UNECE @antion on Long Range
Transboundary Air Pollution (CLRTAP) also provideetailed instructions, and
various Member States do recommend and/or enfbiesettechniques and measures
in practice. However, these measures and techniaegsre capital investments and
are therefore rather costly. The measures will egsz N losses from animal manure
and have the potential benefit of replacing fexitiN and thereby decreasing N losses
associated with N fertilizer production and use.a&mbic digestion of the animal
manure during storage has the additional advamégeoducing CH to be used as
biofuel. It encompasses the perspectives of minngiemissions of odours, NHN,O
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and CH during storage, and minimizing emissions gfONfollowing application to
land. The effectiveness of the manure as N feetilis also increased following
application of the digested manure to land, butdigested manure has to be injected
in the soil to minimize Nkl losses following application (e.g., Burton and fan,
2003).

Summarizing the following set of measures have been seleatedhost promising
measures for mitigating emissions of ammonia, w@frghosphorus, nitrous oxide,
methane and carbon dioxide from agricultural system

() Improving N use efficiency in animal production alegvering the N excretion
of livestock through low-protein animal feeding,praved herd management
and genetic improvement of the herd;

(i) Improving N use efficiency in crop production anowkring N input in
agriculture through balanced N fertilization andpnoved crop and soil
management; and

(i) Combination of (i) and (ii) plus enforced implematin of technical measures
to decrease Nikemissions.

These measures are further described below in €twapt 4 and 5
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3. Lowering Nitrogen excretion by animals through dbw-protein feeding

3.1. Introduction

Nitrogen excretion by animals (N-excretion) is usudefined as follows:

N-excretion = N-intake — N-yield in animal products

All' N excreted via urine, faeces, skin, sweet,,atould be considered as N-excretion.
A certain N-excretion is necessary as it is relatethe maintenance of the animals.
With increasing animal performances, the N-intakel a\-excretion per animal
increase, but the N-excretion per animal producg.(enilk or meat) decreases.
Depending on animal species, the (animal feed) gemant of the animal and its
performance, roughly between 60 and 90 % of condulhés excreted via urine and
faeces (Flochowsky and Lebzien, 2005; Jondrevii Rourmad, 2005; Mateos et al.,
2005; ERM/AB-DLO, 1999).

Improving the efficiency of N utilisation at the iaral level requires genetic
improvement of the herd, a better description @dfeand higher quality feed (e.g.
Bichard, 2002; Powell and Norman, 2006; Shook, 2@6therstone and Goddard,
2005). The first limitation for animal productiomc an efficient utilization of feed
protein is an adequate supply and intake of feedr(g/). Ruminants are well equipped
to convert low quality feeds into valuable produfds humans. To exploit the full
potential of ruminants, their microbial ecosystemowdd be adequately fed first. For
free ranging animals like non-dairy cattle, sheeg goats this is hardly feasible, but
for stall fed ruminants microbial fermentation inetrumen can be optimized by
appropriate supplementation with rumen degradabi¢eim, but also minerals and
trace elements. To optimize the rumen microbiatesys feeds must be characterized
according to their ingestive and degradation bedrawithe rumen. Characterization of
the feed at animal level should subsequently iermms of (ketogenic, aminogenic and
glucogenic) nutrients rather than in terms of digs organic matter (DOM) or
Metabolisable Energy (ME).

This chapter explores the potentials of lowering khexcretion through improving the
animal feeding and the animal performance on thseshaf the current input data in
RAINS/GAINS (because RAINS/GAINS is the official aeling tool and database
used for assessing the total Nemissions in EU-27) and against the background of
animal physiological and technical possibilitiesdafeasibilities. It provides an
overview of the current input data (activity data)RAINS/GAINS. It also explores
the options for lowering the N excretion. Emphasisn the main animal categories (i)
dairy cattle, (ii) other cattle, (iii) pigs and Jipoultry, as these animal have by far the
greatest share in the total Bleimissions in EU-25+.
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3.2. Nitrogen excretion of main livestock categories.

Table 1 presents the N excretion data for dairijezadther cattle, pigs, laying hens and
broilers, according to RAINS (Amann et al., 2008806b). Average values for the
EU-25+ are shown at the bottom of the table. Albsotute and relative values for
standard deviations per animal category are predeat a measure of the variation in
listed values between countries. Relative diffeesnare largest (>20%) for dairy
cattle, other cattle and broilers and smallest {)L%or pigs and laying hens.

Differences between countries for dairy cattleas® shown in Figure 1.

Table 1. Mean N excretion of dairy cows, otherleatiigs and laying hens, in kg per
animal per year, for the year 2000, according te BRAINS database (after Amann et
al., 2006a,b).

Mean N excretion, kg per animal per year

Country Dairy cows Other cattle Pigs Laying hens Broilers

AT 89.4 45.8 9.0 0.7 0.4
BG 66.5 45.0 12.4 0.8 0.7
BL 108.0 50.0 11.1 0.7 0.5
CR 55.0 45.0 12.4 0.8 0.7
CY 107.6 40.0 12.4 0.8 0.7
cz 100.3 45.0 12.4 0.8 0.6
DE 113.9 41.0 11.9 0.7 0.5
DK 125.3 37.2 9.6 0.7 0.5
EE 91.0 45.0 12.4 0.8 0.5
EL 63.4 45.0 11.5 0.8 0.7
ES 96.2 355 9.6 0.8 0.6
Fi 99.3 53.0 10.1 0.8 0.4
FR 100.0 50.0 12.2 0.8 0.9
HU 121.0 45.0 8.9 1.5 1.5
IR 85.0 45.0 12.4 0.8 0.5
IT 108.8 46.9 11.5 0.7 0.5
LT 70.0 50.0 12.4 0.8 0.5
LU 107.6 42.0 9.9 0.8 0.7
LV 71.0 51.0 10.0 0.9 0.9
MT 99.3 40.0 12.4 0.8 0.7
NL 126.2 40.0 9.2 0.7 0.6
PL 75.9 35.0 11.1 0.7 0.6
PT 87.6 49.9 9.1 0.6 0.9
RO 55.0 45.0 12.4 0.8 0.7
SE 120.0 39.0 11.0 0.6 0.3
Si 105.5 40.1 11.9 0.7 0.5
SK 81.9 45.0 12.4 0.8 0.7
TK 55.0 45.0 12.4 0.8 0.7
UK 106.0 49.0 12.4 0.9 0.7
Average 92.8 44.3 11.3 0.8 0.6
St. dev. 21.5 4.7 1.3 0.2 0.2
St. dev. (%) 23 11 12 20 34
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Figure 1. Mean N excretion by dairy cows in cowsdrof the EU-25+ in the year 2000. Note
that the order of the countries is similar as irbl&al, but that ‘even’ countries are not
mentioned in the x-axis. Data from RAINS (Amaral.eP006a).

3.3. Milk yield of dairy cows

Table 2 presents the milk yield of dairy cows foe tperiod 1990-2030 according to
RAINS (Amann et al., 2006a, 2006b). Average valoeshe EU-25+ are shown at the
bottom of the table. Also absolute and relativaigalfor standard deviations per target
year are presented, as a measure of the variatiomilk yield values between
countries. Relative differences tend to decreass tiwme, i.e., differences between
countries in milk yield tend to become smaller. Té&t column presents the projected
relative increase in milk yield between 2000 an@®0Average relative increase is
37%, equivalent to 1.2% per year. The averageivelancrease for 1990-2000 was
25%, equivalent to 2.5% per yr (not shown).
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Table 2. Mean milk yield of dairy cows in kg pemaal per year, in the period 1990-
2030, according to the RAINS database. Data fog8u& (BG), Crotia (CR),
Romania (RO) and Turkey (TR) are not from the RAlAlS8base (own estimations).

Milk yield per dairy cow per country (1990-2030), kg/yr A2030-2000

Country 1990 1995 2000 2005 2010 2015 2020 2025 2030 %
AT 3791 4619 5210 5646 6196 6611 6685 7050 7100 36
BG 3000 3000 3000 3300 3500 4000 4500 5000 5000 67
BL 4285 4958 5502 5967 6200 6400 6700 6900 7000 27
CR 3000 3000 3000 3500 4000 4500 5000 5500 5500 83
Cy 4868 5041 6106 5600 5500 5700 6000 6200 6400 5
cz 3941 4245 5412 6068 6300 6600 6900 7200 7500 39
DE 5200 5500 6122 6439 6600 7000 7300 7500 7700 26
DK 6248 6657 7421 8156 8300 8500 8600 8700 8800 19
EE 4232 3666 4960 6509 6700 6850 7000 7150 7300 47
EL 2509 3181 3055 3184 3300 3500 3800 4200 4500 47
ES 3486 5002 5317 5893 6000 6250 6500 6700 7000 32

FI 5713 6161 6990 7590 8232 8979 9631 9631 9631 38
FR 4723 5517 5948 6548 6700 7000 7300 7500 7700 29
HU 5082 5050 5699 6116 6500 6700 7000 7300 7500 32
IR 4192 4549 4724 4563 4796 5041 5300 5550 5800 23

T 3795 5195 5790 5489 5800 6200 6500 6800 7200 24
LT 2800 3011 3466 2996 3400 3800 4300 4600 5000 44
LU 4285 4958 6103 6476 6600 6900 7200 7400 7600 25
LV 3437 3074 3898 4250 4400 4700 5000 5000 5000 28
MT 3871 3917 5535 5434 5600 5800 6000 6100 6200 12
NL 6010 6580 7296 7340 7768 7984 8199 8424 8649 19
PL 3246 3230 3668 4340 5000 5600 6000 6500 6900 88
PT 3797 4419 5627 5769 5800 6000 6200 6400 6600 17
RO 3000 3000 3000 3300 3500 4000 4500 5000 5000 67
SE 6086 6853 7710 8051 8200 8350 8500 8600 8700 13
S 3200 3392 4335 5554 5700 5900 6200 6400 6600 52
SK 2694 3077 4491 4783 5250 5658 5658 5658 5658 26
TR 3000 3000 3000 3300 3500 4000 4500 5000 5000 67
UK 5151 5397 5978 6343 6708 7065 7422 7778 8135 36
Average 4091 4457 5116 5466 5726 6055 6358 6612 6782 37
St. dev. 1084 1236 1412 1483 1484 1452 1409 1333 1346 21
St.dev. (%) 26 28 28 27 26 24 22 20 20 57
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3.4. N excretion of dairy cows as function of milk yield and feed management.

Dairy cows have the largest amounts of N in the@xents (dung and urine), while
there are also relative large differences in themeged mean N excretion per country
(Table 1, Figure 1). The N excretion of the daioyvs depends on the amount of N in
the diet and the amount of N retained in milk aadweight gain (meat), in formula

Nexcretion: Ndiet - Nretained [1]

Ideally the amount of N in the diet depends ondhergy and nutrients requirements
of the dairy cows, and most countries have thein awiteria and formula for
estimating the mean amount of N in the diet. Ircpeca feeding above N requirements
may occur, either because producers apply a safetgin or because relatively cheap
dietary ingredients have a surplus of N. This isif@gtance in the case in young leafy
grass. The European Commission has proposed tthesellowing simple formula,
based on ERM/AB-DLO (1999).

Nexcretion= [(@ * metabolic weight + b * milk yield) * N cdant diet] - Netained 2]
Nretainea= (Milk yield * N content milk) + (liveweight gainN content liveweight) [3]

The term ‘& * metabolic weiglitrepresents the feed need for maintenance (metabol
weight is weight’, while the term b* milk yield” represents the feed need for milk
production. As the maintenance need is relatetlgoveight of the animal and that for
production to the milk production, the total feeded expressed per liter of milk
produced will decrease as the milk production iasee This is a general observation,
and underpinned by theoretical and practical ewadealthough it must be stated that
the feed need for maintenance slightly increasels am increase in milk production
(this latter is however not included in the fornul@able 3 provides some estimates
for the various coefficients and parameters.

Table 3. Coefficients for estimating the N excretwd dairy cows as function of energy
requirement for maintenance and production, protntent of the diet and the
amount of N retained by the dairy cows in milk imelweight gain (after ERM/AB-
DLO, 1999).

Coefficients Average Lower Upper
estimate estimate
Weight dairy cow, kg 550 400 650
Metabolic weight, kg 114 89 129
Maintenance coefficient ‘a’, g/day 52 45 60
Milk yield, kg/yr 5.500 3.000 10.000
Production coefficient ‘b’, kg/kg 0.5 0.44 0.6
Protein content of diet, % 16 13 20
Protein content of milk, % 3.4 3 4
N content of protein in diet, % 6.25 6.25 6.25
N content of protein in milk, % 6.39 6.39 6.39
N retained in liveweight gain, kg 15 0.5 3
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Using Equation [1] and the coefficients presentedable 3, the possible relationships
between milk yield per dairy cow and N excretionswexplored. The results are
presented in Figure 2 for a milk production of 3@60B000 kg per cow and year, a
weight of dairy cows of 450 (for Jerseys) and 6% (kor Holstein Frisians), a
maintenance coefficient of 45 to 60 g feed dry erafter kg MBW per day, a
production coefficient of 45 to 60 g dry matter per milk, a protein content of the
animal feed of 14 to 18%, and a protein conterthexmilk of 3.5 % and a N retained
in liveweight gain (young born calf) of 1.5 kg (Liepe et al., 2005)

The intercept ranges from 37 kg per cow per yearldw-weight cow and a low

maintenance coefficient of 45 g per day per kg bwta weight (representative for
year-round housing) and a low protein content endret (14%), to a high value of 75
kg per cow per year for high-weight cow and a higiintenance coefficient of 60 g
per day per kg metabolic weight (grazing, much wajkand a relatively high protein
content in the diet (18%).

The regression coefficient ranges from 0.0054 kgelkg milk for a low-weight cow

and a low production coefficient of 0.45 kg perrkdk (representative for high-quality
feed) and a low protein content in the diet (148b)a high value of 0.0107 kg N per
kg milk for high-weight cow and a high productiooetficient of 0.60 kg per kg milk

(representative for low quality feed) and a rekyvhigh protein content in the diet
(18%).
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Figure 2. Nitrogen excretion by dairy cows as fimtiof milk yield per cow,
maintenance and production coefficients, and Nit&de. Result of sensitivity
analyses using Equation [1] and coefficients froabl€ 3 (see text).

Evidently, there is a wide range of possibilitiegt Isome combinations are more
plausible than others. For example, a low-weightryda@ow with a high milk
production seems attractive from the point of viefvlow N excretion, but is not
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realistic. The combination of low maintenance armbpction coefficients, a high milk
yield per cow and a low protein content in the dgealso attractive from the point of
view of low N excretion, but low maintenance andduction coefficients can only be
realized with high quality feed, a productive hardl good management, and with not
too-low protein contents in the diets. On the othand feed requirements are
primarily determined by energy rather than proteiquirements. A surplus of protein
as compared to energy is ‘a waste’, because supphisin is then used as a source of
energy and the N included in such energy is wasted.

Deleting the less practical combinations resulta iset of four lines, indicating the
most likely ranges of N excretion as function oflkmproduction (Figure 3). These
regression equations include the default valudsRi¥1/AB-DLO (1999) for the linear
relationship between milk yield per cow and N eXore per cow, with an intercept of
about 50-60 kg N/yr and a regression coefficier@.607-0.009 kg N per kg milk.
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Figure 3. Most likely ranges of N excretion (kg\Nhy dairy cows producing an
average of 5000 kg per cow per year in 2000 (mégmghge 75-105) and an
estimated average of 6500 kg per cow per year #028025 (mean 110; range 95-
125).
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Figure 4. Relationship between N excretion by daows and milk yield per cow in the
countries of EU-25+ for the year 2000, accordinghe RAINS database (Amann, 2006a,
2006b).

The relationship between milk yield and N excretadndairy cows according to the
data of the RAINS data base for the year 2000 laoevs in Figure 4. There is a clear
linear relationship with a high correlation’ (= 0.83), suggesting that milk yield
explains 83% of the variation in mean N excretidntlwe dairy cows between
countries, and that the other variables explainefable 3 contribute only 17% to the
variation. Further, the intercept of the linearat@nship is relatively low and the
regression coefficient relatively high. This conddion of unusual low intercept and
unusual high regression coefficient may sugge$tmdint populations, with small, low-
yielding but relatively efficient dairy cows at th@wer end and large, high-yielding,
but relatively inefficient dairy cows at the higherd of the curve.

3.5. Prospects of lowering N excretion of dairy cows.

The subject of reducing N excretion in dairy andfbmattle was recently reviewed by

Flachowski and Lebzien (2005). The important pples to reduce N-excretion in

ruminants are given in Table 4. It is importandistinguish in N-excretion per animal

and per kg of milk produced. The objective of ardifeading should be to meet the N-

requirements of rumen microorganisms and rumindetgending on animal species,

categories and performances to keep the animathlyeahd to reduce N in manure.

From these the following recommendations can bergiv

» A sufficient and continuous energy and nitrogenpdypf the microbes in the
rumen is most important (microbial fixation of Ntime rumen)

» Avoidance of excess N-intake

» Protected proteins (UDP) are adequate, if an isere&dmicrobial protein synthesis
fails to meet utilizable protein requirements (iffisient energy intake)
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Table 4: Principles to influence N-excretion in fimants (after Flachowski and
Lebzien, 2005)

Measure N-excretion per  N-excretion per kg
animal milk

Lowering N-excess in feeding N2 %

Increase of animal performance N 8%

Shorten growing period for reproduction 2= %

of cows

Increase productive life of cows 0 N2

Improved microbial protein synthesis 2= 8%

Synchronisation of energy and protein = =\

degradation in the rumen

N Increase \ Decrease ~ No significant influence

The relationship between milk yield and N excretionthe year 2000 according to the
RAINS database (Figure 4) suggests that milk yieelal very strong indicator for the N
excretion of dairy cows according to this databasel, also that the mean excretion at
a suggested mean milk production of 5000 kg per pemyear in EU-25 is 90 kg per
cow per year. This amount falls within the lowelfltd the realistic range derived in
Figure 3, suggesting that the protein content efdahimal feed in practice is modest
(rather low) according to the RAINS database. Tasilt contrasts with the results of
the CAPRI database and of some other reports tlggest that the N excretion of
cattle can be lowered significantly through lowtpro feeding. This discrepancy could
result from a lack of reliable real information f@ed and N intake and the subsequent
assumption that intake is equal to meeting feeduirements. Meeting energy
requirements may be good approximation of enertgke for protein intake this is
not necessarily the case.

In theory, the mean N excretion of cows produci®@®kg milk per year could be
lowered maximally by about 10 kg (from 90 to 80p&r cow per year), by lowering
the protein content of the animal feed by 1.5%n{frior example 16 to 14.5%). This
would require a relatively large proportion of égje) maize in the diet of the dairy
cows and or low protein grass (silage). This waelguire subsequently a considerable
extension of the area of silage maize in the EU-&5the expense of grassland, and or
changes in grassland management (less N fertdizatind grazing, harvesting silage at
harvest of >4000 kg per ha). An alternative wouddtd balance the protein content of
the diet by concentrates with appropriate proteantent. Hence, lowering of the
protein content of the animal feed of dairy cattleuld be possible, but very likely by
not more than about 10%.
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Another option for decreasing N excretion is thdlofeing. Milk production is
suggested to increase in the next decades by lgligiore than 1% per year reaching
an average level of 6500 kg per cow per year byYDZIR5 (Table 2). The estimated
mean N excretion is 110 kg in 2020/2025, with ageanf 95-125 kg per cow per yr.
When assuming that the total milk production in E®&} remains constant, it will be
clear that 30% less cows are needed to producgatihe quantity of milk, and that the
total N excretion will decrease by 11% (additioefiécts of less replacement cattle not
included yet). Increasing the milk production fethto 7500 kg per cow per year
(which is possible) would decrease the total N etton by another 5% per year.
Hence, increasing the milk production per cow dases the N excretion per liter milk
produced (because the maintenance cost of the loidydecreases), and thereby is an
effective measure for improving the N use efficieatthe herd level.

Currently, there is a milk quotum in the EU, andtbe basis of a fixed milk quotum
per country, one would expect a strong relationdbepveen the increase in milk
production per cow and the decrease in the numbetawy cattle. However, the
relationships that may be derived from a fixed mikota in the EU (inverse
relationships between the number of dairy cattld #re milk production per dairy
cow), may not be consistent over time (i.e. foretirhorizons 2010 and 2020),
according to Zig Klimont (personal communicationed@mber 2006), because the
estimations of the number of dairy cows and thgegted increases in milk production
may have been derived independently for some cegnifable 5 presents the number
of dairy cows and other cattle per country for gear 2000 and country specific
projections for the years 2010 and 2020, accorthntpe RAINS database (National
Projections). Also the mean change in number dfecéin per cent per year) for the
periods 2000-2010 and 2010 and 2020 are presehtedtotal number of dairy cows
in all countries will decrease by on average 1.3%nde: decrease of 2.2% versus
increase of 2.8%) per year in the period 2000-28i@ by on average 0.5% (range:
decrease of 1.5% versus increase of 2.4%) in thedp2010-2020. The total number
of other cattle in all countries will decrease hy average 0.9% (range: decrease of
2.7% versus increase of 4.3%) per year in the ge2i@200-2010 and by on average
0.3% (range: decrease of 5.8% versus increase%6)3n the period 2010-2020. The
change of the number of other cattle is relatethéochange in the number of dairy
cattle (see Figure 5; less replacement cattle mgede

A comparison of the changes in average milk yi@dgow per country and the change
in number of dairy cows per country for the perid@f¥0-2010 and 2010-2020 is
shown in Figure 6. There is indeed some inversatioglship, but the scatter is very
large. The scatter is larger for the period 201Re2€han for the period 2000-2010,
probably because some countries have anticipated possible abolishment of the
milk quota regulation by the year 2025. On averabe, relative increase in milk

production per cow is larger than the relative dase in the number of animals. This
is especially true for the period 2010-2020. Thisuld suggested that the total milk
production will increase slightly in the EU by alb@ul1% per year in the period 2000-
2010 and by 0.8% per year in the period 2000-2020.

Table 5: Number of dairy cattle and other cattleg peuntry in the years 2000, 2010
and 2020, and relative changes in the number ofydzattle and other cattle for the
periods 2000-2010 and 2010-2020, calculated on lihsis of data of the RAINS
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database.

Note that Turkey is included in this meg/ (after Amann et al., 2006a,

2006b).

Number of dairy cows Change, in % per Number of other cows Change, in % per

(x1000) year per period (x1000) year per period

2010- 2020- 2010- 2020-

Country 2000 2010 2020 2000 2010 2000 2010 2020 2000 2010
AT 621 516 488 -1.7 -0.6 1534 1425 1409 -0.7 -0.1
BG 431 357 316 -1.7 -1.1 251 296 361 1.8 22
BL 629 514 503 -1.8 -0.2 2372 2338 2083 -0.1 -1.1
CR 255 240 240 -0.6 0.0 172 246 326 43 3.3
CcY 24 21 21 -1.3 0.0 30 29 27 -0.4 -0.7
cz 611 550 550 -1.0 0.0 998 850 850 -1.5 0.0
DE 4564 3876 3338 -1.5 -1.4 10004 8885 8878 -1.1 0.0
DK 636 528 466 -1.7 -1.2 1232 1028 905 -1.7 -1.2
EE 131 112 117 -1.4 0.5 122 139 105 14 -2.4
EL 180 148 126 -1.8 -1.5 386 384 394 0.0 0.3
ES 1139 1000 878 -1.2 -1.2 4935 4668 4415 -0.5 -0.5
Fl 364 285 258 -2.2 -0.9 693 559 233 -1.9 -5.8
FR 4203 3691 3691 -1.2 0.0 16108 15454 15454 -0.4 0.0
HU 370 306 285 -1.7 -0.7 435 551 622 2.7 1.3
IR 1174 1034 922 -1.2 -1.1 5384 4423 4015 -1.8 -0.9
IT 2065 1802 1776 -1.3 -0.1 5180 5122 4642 -0.1 -0.9
LT 494 473 436 -0.4 -0.8 404 314 329 -2.2 0.5
LU 44 40 36 -0.8 -1.2 156 152 153 -0.3 0.1
LV 205 180 175 -1.2 -0.3 162 186 175 15 -0.6
MT 9 8 8 -1.2 0.0 91 93 93 0.3 0.0
NL 1504 1395 1725 -0.7 2.4 2566 2097 1781 -1.8 -1.5
PL 2982 2450 2150 -1.8 -1.2 2741 2600 2700 -0.5 0.4
PT 252 322 279 2.8 -1.3 920 1005 977 0.9 -0.3
RO 1692 1523 1505 -1.0 -0.1 1359 1350 1350 -0.1 0.0
SE 428 380 380 -1.1 0.0 1256 1075 1075 -1.4 0.0
SL 140 124 114 -1.1 -0.8 353 396 413 1.2 0.4
SK 243 206 197 -1.5 -0.4 404 488 496 21 0.2
UK 2336 1909 1909 -1.8 0.0 8798 6408 6408 -2.7 0.0
Total 27725 23988 22888 -1.3 -0.5 69044 62561 60670 -0.9 -0.3
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Figure 5. Relationship between the relative chaingde number of dairy cattle per country
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Figure 6. Relationship between the relative chaingie milk yield per cow per country (in %
per yr) and the relative change in the number afydeows per country(in % per year) for the
periods 2000-2010 (upper panel) and the period 22020 (lower panel). A relative strong
increase in number of dairy cattle is projected Rartugal (2000-2010), and for the
Netherlands in the period 2010-2020 (because@tttpected abolishment of the milk quota
regulation).

Summarizing, the N excretion of dairy cattle in EB4may be lowered on average by
10% through lowering the protein content of thenaali feed during the next 15-20
years. The expected increase in milk production qew and hence the resulting
decrease in number of dairy cows (and replacenadtierhas already been taken into

28



account in the baseline scenario of the RAINS detapthough there is a large scatter
in the relationship between the relative increasenilk production and the relative
decrease in the number of dairy cows due to difiege between countries. However,
the expected average increase in milk productiancpe per year (1.3% per year,
equivalent to 50-70 kg per cow per year) duringriegt decades is very modest. For
example, the average increase in milk productiancpg per year during the period
1995-2000 was much higher (2.9% per year, equivatet30 kg per cow per year).
Hence, there is scope for a stronger (further)eiase in milk production per cow, and
such stronger increase will be beneficial from ¥iewpoint of the farmer (less cows
and animal feed needed to produce the target mgktty) and from the viewpoint of
the environment (less N excretion and M\gthission per kg milk produced). However,
it will require education and training, improviniget genetic potential of the herd, and
proper economic incentives.

On the basis of this analysis, it is fair to sagtttihe total N excretion of dairy cattle
can be lowered in the next 15-20 years by some % b9 a combination of low-

protein feeding and a slightly stronger increasemitk production per cow than

predicted by the RAINS database. The ~10% decreassal N excretion by dairy

cattle translates in a proportional decrease irethission of NH; hence in a decrease
in the emission of Ngfrom dairy cattle of ~10%.

3.6. Nitrogen excretion by other cattle as function of feed management
The category ‘other cattle’ in Europe includes agpiment cattle and fattening cattle. It
is a broad variety of cattle and includes:

- replacement cattle, < 1 year;

- replacement cattle, > 1 year;

- fattening calves <0.5 year;

- fattening bulls 0.5-1.5 year

- suckling cows > 2 years

- other fattening cattle <1 year

- other fattening cattle >1 year
The number of other cattle has increased in EUallbviing the implementation of
milk quota in the 1980s, and the subsequent dezrigadairy cattle, because some
farmers switched to fattening cattle and suckliog€. Currently the number of other
cattle is larger than the number of dairy cattlet N excretion per animal is much
smaller. According to the RAINS database, the ayeid excretion is 44.3 kg per year
per animal in EU-25, with a surprisingly small \sion between countries (range 37-
53; standard deviation is 4.7 kg per animal per ydable 1).
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The N excretion of other cattle depends on the atnolN in the diet and the amount
of N retained in liveweight gain (meat), in formula
Nexcretion: Ndiet - Nretained [1]

The amount of N in the diet depends on the enenglyrautrients requirements of the
cattle, and most countries have their own critand formula for estimating the mean
amount of N in the diet. The following simple forlawcan be used to calculate the N
excretion (ERM/AB-DLO, 1999):

Nexcretion= [(d * liveweight gain) * N content diet] - MNained [2]
Nretained= (liveweight gain * N content liveweight) [3]

The coefficient 4" represents the feed conversion ratio, i.e. the atnofeed needed
to increase liveweight gain by 1 kg. The feed cosiom ratio increases with the age of
the cattle. Young veal calf have a low feed conwersoefficient (~5), while fattening
cattle > 2 years have a high feed conversion coeffi (~15). The reverse is true for
the N retention, i.e. the protein retention andunegnents per kg of gain decrease with
the age of growing cattle. However, in order to mten a proper microbial
fermentation in the rumen, the N requirements far microbial population in the
rumen have to be met and dietary crude protein @®6content should not be
lowered to less than ~12 %.

Table 6 provides estimates of the N excretion beptattle. The N excretion greatly

depends on the age of the cattle (energy requirgraad on the protein content of the
animal feed. Lowest N excretion is for veal cahs®l the largest N excretion by

suckling cows and cattle at the age of 1-2 yr. Af@m suckling cows, most other

cattle is less than 2 years old. On dairy farms,rdplacement rate is usually between
30 and 40%, indicating that 60 to 70% of the caleédairy cows are fattened,

especially the males. The number of suckling cowsEU-25+ tends to increase

(extensive grazing).

Table 6. Nitrogen excretion by other cattle. Focle@ategory upper and lower
estimates are provided.

Cattle category Average Lower Upper
estimate estimate
Replacement cattle, category < 1 yr; 30 25 45
Replacement cattle, category > 1 yr; 60 40 80
Fattening calves <0.5 year; 15 10 30
Fattening bulls 0.5-1.5 year 35 30 50
Suckling cows > 2 years 70 50 90
Other fattening cattle <1 year 35 30 50
Other fattening cattle >1 year 60 40 80

The protein content of the animal diet is in thega of 12 to 20% (N content in the
range of 21 to 33 g/kg) and greatly depends orgtheing system and on the feeding
with silage maize. On some farms, fattening catitduding bulls and oxen are grazing
for the greater part of the year on pastures (velgt high protein content), while

30



fattening bulls on other farms are kept in cublubeises all year round and fed with a
large proportion of silage maize in the diet (nekally low protein content).

Comparing the average N excretion for other cattieording to RAINS (~44 kg per
animal per year; Table 1) with the data presentedable 6 suggests that the N
excretion for other cattle in the RAINS databaseads (excessively) high. The higher
values for some countries may indicate the presehaerelatively large percentage of
suckling cows and/or animal diets relatively riah protein. Hence, the scope of
decreasing the protein content of the diet of ottedtle seems to be modest, when
assessed on the basis of the N excretion valuéiseoRAINS database. The results
suggest that the mean N excretion may decreasembyirfally) 10%, through a
decrease of the protein content of the animal éeetla more adjusted feeding, during
the next 15 to 20 year (2020/2025 as horizon). grezing cattle this may not be
feasible, because the animals select forage wihighest protein content. However,
above an age of 1 yr, over 80% of the ingested INsisin maintenance and excreted.
This can be reduced by make them growing fastéhabthe fattening period can be
shortened. This could be achieved by supplemernteg diet with (low protein)
concentrates. However, this possible decreasesélegihs achievable with beef cattle is
likely off-set by a larger feed requirement of tteplacement cattle, because of the
tendency to shift from small breeds to larger bseéor dairy cows. Hence, the
prospects for decreasing the protein content ofttimal feed of other cattle are very
modest when evaluated on the basis of the datAIN&

Another possible option would be to lower the rephaent rate of dairy cows from

40% to 30%, though improved management of the daéngl, and to slaughter the

fattening cattle at younger age. Lowering the regiaent rate of dairy cattle will be

difficult because of a usually observed inversatiehship between milk yield and

fertility. A further option could be to make thegptacement animals grow faster and let
them calve at an earlier age, for instance at ##erahan 24 months. The first option
is financially attractive for dairy farmers, becaugising young stock is rather

expensive. However, lowering the replacement ratpiires improved management
and information. The latter option will have majoonsequences for the sector
involved.

The number of other cattle is expected to decrgafige next decades by on average
0.9% per year during the period 2000-2010 and B%0Oper year during the period
2010-2020 according to the RAINS database (Tahld®his decrease is in line with
the expected decrease in dairy cows (less replaterattle is needed). However, the
relationships between the relative decrease innilmaber of dairy cattle and the
relative decrease in the number of other cattheghly scattered (Figure 5), suggesting
that the expected decrease in the number of o#tlide ¢s not related to the decrease in
the number of dairy cattle. The changes in the rarmol other cattle will also depend
on the response of the farmers to the CAP refannparticular to the decreases in the
premiums on beef and veal, and on the developmé&ntoold market prices, in
particular the development of the beef industr{Litin) America.

Summarizing, there is some scope of lowering tha&l 8 excretion of other cattle in

EU-25 through a combination of:
- alower replacement rate of dairy cattle
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- a faster growth rate and lower age of calving (fl@8r24 to 22 months) of the
dairy replacement cattle; and

- low-protein feeding of the other cattle.
This package of measures may lead to a decreabe &f excretion of other cattle in
EU-25 by some 5-10% during the next 15-20 yearss ridicates that the scope for
decreasing the N excretion is modest.
The evolution of the total N excretion of othertlgatlso depends on the response of
farmers to the CAP reform and to the Rural DevelepirRegulations, especially as
regards the involvement of other cattle in graziiipe projected changes in the
number of other cattle show a small decrease awey; but this decrease is uncertain.

3.7. Nitrogen excretion of pigs

The category ‘pigs’ includes (rearing) sows, piglé€tearing) boars and fattening pigs.
The number of pigs in EU-25 has steadily increasest the last couple of decades,
and the current number is about 150 million. Thenber of pigs may drop and
increase shortly thereafter again, due to the emad of diseases and changes in
markets.

Projections of the number of pigs for 2010 and 282€ording to the RAINS database
suggest very little change (Table 7). Projectiamstiie periods 2000-2010 and 2010-
2020 suggest average changes of -0.2 and +0.1%ejer respectively. Changes in
some of the new member states are somewhat ldrgeqverall a slight but steady
increase is expected.

According to the RAINS database, the average Netxer is 11.3 kg per year per
animal in EU-25, with a surprisingly small variatidbetween countries (range 8.9-
12.4; standard deviation is 1.3 kg per animal peary Table 1). The average N
excretion of pigs depends on the amount of N indie¢ the housing system and the
amount of N retained in liveweight gain (meat)farmula:

Nexcretion= Ndiet = Nretained [1]

The amount of N in the diet depends on the enenglyratrients requirements of the
pigs. The following simple formula can be use tlwekate the N excretion (ERM/AB-
DLO, 1999):

Nexcretion= [(d * liveweight gain) * N content diet] - MNained [2]
Nretained= (liveweight gain * N content liveweight) [3]

The coefficient d” represents the feed conversion ratio, i.e. the atnoffeed needed
to increase liveweight gain by 1 kg. The feed cosiom ratio increases with the age of
the pigs. For fattening pigs (weight 25 to 110 kg average feed conversion ratio is
in the range of 2.3-3.2 kg per kg (mean 2.8), ddpg on the management, the
addition of antibiotics to the feed and geneticeptial. As is the case with growing
cattle, N deposition and hence protein requirentiexctease with age. As a result, an
increasing proportion of dietary N is lost in maimance. These losses can be
minimized by make them grow faster and reducedhgth of the fattening period.
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Table 7: Number of pigs per country in the year®@@®010 and 2020, and relative
changes in the number of pigs for the periods 22000 and 2010-2020, calculated
on the basis of data of the RAINS database (aftesih et al., 2006b).

Number of pigs (x1000) Change, in %

Country 2000 2010 2020 2010-2000 2020-2010
AT 3348 3215 3228 -4 0
BG 1512 931 931 -38 0
BL 7266 8024 8073 10 1
CR 1233 1257 1273 2 1
CY 408 457 457 12 0
Cz 3315 3800 3800 15 0
DE 27871 27167 25100 -0.3 -0.8
DK 11922 13865 14251 16 3
EE 300 358 448 19 25
EL 1008 1060 1062 0.5 0.0
ES 20035 21049 22129 0.5 0.5
FI 1298 1280 1270 -1 -1
FR 22092 22797 22797 0.3 0.0
HU 4974 4207 5716 -1.5 3.6
IR 1732 1585 1503 -0.8 -0.5
IT 8307 8715 9181 0.5 0.5
LT 849 953 1004 1.2 0.5
LU 142 149 152 0.4 0.2
LV 344 419 420 2.2 0.0
MT 91 93 93 0.3 0.0
NL 13281 11122 11185 -1.6 0.1
PL 6690 7864 8639 1.8 1.0
PT 3161 3119 2944 -0.1 -0.6
RO 5140 5590 5590 0.9 0.0
SE 2400 2838 2838 1.8 0.0
SL 624 700 744 1.2 0.6
SK 1236 1463 1569 1.8 0.7
UK 10439 6535 6535 -3.7 0.0
Grand Total 130414 127424 129201 -0.2 0.1
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Table 8. Nitrogen excretion of pigs. For each catggupper and lower estimates are
provided, in kg per animal place per year.

Cattle category Average Lower Upper
estimate estimate
Sows and boars 20 15 25
Sows including piglets till 25 kg 28 22 35
Piglets 6 weeks to 25 kg 3 2 5
Rearing sows and boars 13 11 18
Fattening pigs 11 10 15

Table 8 provides estimates of the N excretion ef\tirious categories of pigs. Lowest
N excretion is for piglets weaned at 6 weeks aadsferred to fattening pigs at the
weight of 25 kg per animal. The protein contentraf pig diet is in the range of 12 to

18% (N content in the range of 20 for sows and ©§025 for fattening pigs and 28

g/kg for piglets; phase-feeding) and greatly depema the animal feed management
(home-grown cereals versus purchased concentrates).

Comparing the average N excretion for pigs accortinRAINS (~11.3 kg per animal
per year; Table 1) with the data presented in T8kdeggests that the N excretion for
pigs in the RAINS database is not (excessivelyhhighe higher values for some
countries may indicate the presence of a relatilaiye percentage of sows and boars
and/or animal diets relatively rich in protein. Tihigher percentage of sows and boars
could be reduced by an improved fertility.

Recently, the subject of lowering N excretion iggpwas reviewed by Jondrevilla and
Dourmad (2005). The results they showed indicadétthe protein content of fattening
pigs in the range of 17.8 to 13.6% (equivalent &t&@ 22 g N per kg) gave no
difference in growth rate and health of the pigs,large differences in the N excretion
per pig. They suggested that two complementary caghies can be used for
improving the efficiency of utilisation of N by mgand, consequently, reduce N
excretion. The first approach is to ensure adegpeitein and amino acid supplies
over time according to the growth potential of #émmal or their physiological status.
This requires a joint fitting of daily supplies ehergy and protein (amino acids)
depending on pig potential and stage of producienyell as production objectives.
The second approach is to improve dietary aminad &eclance and consequently
reduce protein content of the diet. This can beiokd through the combination of
different protein sources and/or the utilisation ioflustrial amino acids. Both

approaches have been proved to be efficient faraiad N output. However, It must
be pointed out that the development of such feedawpniques for reducing N

excretion by the pigs requires a good knowledgerafno acid availability in the

feedstuffs, and of changes in amino acids requingsnaccording to growing stage or
physiological status. This is now within reach wiitle use of modelling techniques for
predicting the requirements, and with a better Hedge of variations of amino acid
availability in feedstuffs according to their omgiand specific compositional
characteristics.

Table 9. Suggested indicative crude protein vahsebest available technique (BAT),
according to the IPPC Reference Document on Besilahle techniques for the
intensive rearing of poultry and pigs (IPPC, 2003).
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Species Phases Crude protein content Remark
(% in feed)
SO PR 10ke e Ll ) S
Piglet 25 kg 17.5-19.5 -
Fattening pig 25 - 50 kg 5-17 With adequately balaaced
"""" S TIn e T Ty T and optimal digestible
= amine acid supply
Sow s gestation e £ R0 S R—
lactation 16-17

Table 5.1: Indicative crude protein levels in BAT-feeds for pigs

The IPPC Reference Document on Best Available tgcies for the intensive rearing
of poultry and pigs (IPPC, 2003) provides also meceendations for low-protein
feeding of pigs. The suggested indicative crudetgmovalues as best available
technique (BAT) have been summarized in Table % Mighest protein content is
required for weaners and piglets (21 to 17.5%) these animals also have the highest
N retention (about 45-50%), because of their fastvgng rate. Fattening pigs require
17 to 14 % protein (equivalent to 27 to 22 g N ke), depending on the growing
stage. Fattening pigs have a N retention of abOe#Bo, depending on the protein
content in the animal feed; the average for EUsl&bout 34%. Sows also require 17
to 14 % protein (equivalent to 27 to 22 g N per, kigpending on the lactation period.
The mean N retention of sows is 20-25% (mean oflbldbout 23%).

Comparison of the results of Jondrevilla and Dowf2005) with the indicative crude
protein values according to the IPPC Reference Deoi on Best Available
techniques for the intensive rearing of poultry gngs (IPPC, 2003), suggest that
there is still some scope for further decreasimgpttotein level of pig feed. This is also
the notion of experts of the European Animal Fegdnoducers Association (FEFAC)
and of the Animal Sciences Group of Wageningen &hsity. Based on Jondrevilla
and Dourmad (2005) and other experts (Dr Age Jargghlpersonal communication,
December 2006), it is reasonable to suggest thatptiotein content of the pigs,
including the suggested indicative crude proteintents according to the BREF of the
IPPC (2003) may be lowered by some 10% during the h0 to 15 years. However,
this requires training and support of farmers, &l as the provision of animal feed
with the proper amino acids in balance. The coslowofprotein feed (10% less on
average) has been estimated at less than 1 eupgpr. Age Jongbloed, December
2006).

There is one possible future development which blagk a possible decrease in the
protein content of the animal feed of pigs (andlipg)y and that is the projected strong
increase in biofuels. The increasing demand fofuleis will compete to some extend
with the demand for high-quality animal feed, amdhas been suggested that an
increasing supply of low-quality byproducts frometiproduction of biodiesel and
ethanol will become on the market. These by-pral(iBDGS) of the biofuel industry
are poor in energy and rich in protein and fibeut (leve low-quality protein), after the
energy has been distilled and removed, and probwitilype offered to the animal feed
industry as cheap ingredients for animal feed. Asresequence, the protein content of
the animal feed may have the tendency to increaseeinear future, when these trends
become noticeable. The implications for the anifead industry of the increasing
interest in biofuels were recently (19 October 20@8&cussed at an international
Conference organized by the animal feed industwwwi.schothorst.n| and the
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concerns raised were confirmed at the first Intdonal Ammonia Conference on 19-
21 March 2007 vfww.firstammoniaconference.wur.nl/).

Summarizing, there is scope for further decreatiiegprotein content of the pig feed
by on average 10% at the cost of less than 1 eawr@ig. This holds for pigs that are
fed concentrates. Hence, the mean N excretion raasedse by maximally 10% over
the next 15 to 20 years (2020/2025 as horizon).

3.8. Nitrogen excretion of poultry

The category ‘poultry’ includes rearing hens, bexsdlayers and broilers. The number
of chicken in EU-25 has steadily increased overlés¢ couple of decades, and the
current number is about 1.2 billion. The numbechitkens drops and increases again
from time to time, due to the incidence of diseas®$ changes in markets.

Projections of the number of poultry for 2010 ar@P@ according to the RAINS
database suggest little change (Table 10). Projestior the periods 2000-2010 and
2010-2020 suggest average increases of 0.6 andfefiYear. Changes in some of the
new member states are somewhat larger, but overslight but steady increase is
expected.

According to the RAINS database, the average Netixer for laying hens is 0.8 kg

per year per animal in EU-25, with a range of 0.8.6 kg per animal place year and a
standard deviation of 0.2 kg per animal place psaryThe average N excretion for
broilers is 0.6 kg per year per animal in EU-25{hwé& range of 0.4 to 1.5 kg per
animal place year and a standard deviation of §.pdc animal place per year (Table
1). The relatively high value (too high?) of 1 xer animal per year for both broilers
and laying hens is for Hungary. The high value pl reflects the presence of geese.

The average N excretion of poultry depends on theumt of N in the diet and the
amount of N retained in liveweight gain (egg andathen formula

Nexcretion= Ndiet = Nretained [1]

The amount of N in the diet depends on the enenglyratrients requirements of the
poultry. The following simple formula can be use dalculate the N excretion
(ERM/AB-DLO, 1999):

Nexcretion= [(d * liveweight gain) * N content diet] - Mained [2]
Nretained= (liveweight gain * N content liveweight) 13
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Table 10: Number of poultry per country in the yea000, 2010 and 2020, and
relative changes in the number of pigs for the gugi2000-2010 and 2010-2020,
calculated on the basis of data of the RAINS datalfafter Amann et al., 2006b).

Number of poultry (x1000) Change, in %

Country 2000 2010 2020 2010-2000 2020-2010
AT 11787 13007 13007 10 0
BG 14963 17927 20125 20 12
BL 52230 52754 54005 1 2
CR 11251 11877 12589 6 6
CY 3310 4418 4830 33 9
Cz 32043 34975 36234 9 4
DE 118447 99333 89767 -1.6 -1.0
DK 21830 21770 22326 0 3
EE 2366 2509 2640 6 5
EL 28193 25597 23923 -0.9 -0.7
ES 169133 181534 194844 0.7 0.7
FI 12570 14372 13113 14 -9
FR 270989 249570 226966 -0.8 -0.9
HU 31244 43000 43000 3.8 0.0
IR 15338 13800 13200 -1.0 -0.4
IT 176722 189027 197983 0.7 0.5
LT 6373 9351 12782 4.7 3.7
LU 70 77 86 1.0 1.2
LV 3105 5170 5091 6.7 -0.2
MT 830 1010 1010 2.2 0.0
NL 104972 102320 108629 -0.3 0.6
PL 111900 170200 171500 5.2 0.1
PT 41195 33317 38699 -1.9 1.6
RO 77993 100000 104000 2.8 0.4
SE 16900 20000 20000 1.8 0.0
SL 5107 5488 5552 0.7 0.1
SK 12446 12447 11602 0.0 -0.7
UK 168973 175620 175620 0.4 0.0
Grand Total 1359929 1436861 1444253 0.6 0.1

The coefficient 4" represents the feed conversion ratio, i.e. the atnoffeed needed
to increase liveweight gain by 1 kg or to producéglof egg. The average feed
conversion ratio for egg production is in the ramjel.9-2.6 kg per kg (mean 2.3),
depending on the (housing) management, the addfiamtibiotics and anti-microbial
growth promoters to the feed and genetic potentia¢ average feed conversion ratio
for broilers is in the range of 1.6-2.2 kg per kge@n 2.0), depending on the
management, the addition of antibiotics and antirafial growth promoters to the
feed, the genetic potential and the weight of tteéldrs at slaughter and the number of
cycles per year (commonly 6 to 10).
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Table 11. Nitrogen excretion of poultry. For eaettegory upper and lower estimates
are provided, in kg per animal place per year.

Cattle category Average Lower Upper
estimate estimate
Breeders (hens and cocks >5 months) 1.0 0.9 1.3
Rearing hens and cocks (<5 months) 0.4 0.3 0.5
Laying hens 0.8 0.6 0.9
Broilers 0.6 0.4 0.9

Table 11 provides estimates of the N excretionhef tarious categories of poultry.
The N excretion greatly depends on the age of ktiieken (energy requirement), on
the protein content of the animal feed, and onhbesing system (batteries versus
ground-based systems). Lowest N excretion is farimg hens and broilers and highest
N excretion for the breeders (mother animals).

The protein content of the poultry diet is in tleage of 15 to 22% (N content in the
range of 23-25 g/kg for layers to 30-35 g/kg foumg broilers, with phase-feeding)
and greatly depends on the animal feed managerhemetgrown cereals versus
purchased concentrates).

Comparing the average N excretion for layers (H@&er animal per year) and for
broilers (~0.6 kg per animal per year; Table 1)hwite data presented in Table 11
suggests that the N excretion for poultry in thellR& database is not (excessively)
high, except for some countries like Hungary. Hertbe scope of decreasing the
protein content of the diet of poultry seems tonfiedest, when assessed on the basis
of the N excretion values of the RAINS database.

The potential to reduce N excretion in poultry wegiewed by Matteos et al. (2005).
They state that in the past, there has been fitdssure to decrease excretion. Hence,
in the past poultry producers have typically overfé and P. The amount of N
excreted depends on three major factors: 1) amafubotal N that is consumed, 2) the
efficiency of their utilization and 3) the amouritemdogenous N. Endogenous losses
are quite constant under practical feeding conaitiand therefore, to reduce excretion
the intake has to be lowered and the efficiencys¥ has to be improved. Poultry
diets, specially for meat production, are highiiatein due to the high requirements in
amino acids for lean growth. However, a portiontlas protein is not used either
because is not digested or because the pattermiobaacids that are absorbed does
not match poultry needs. Amino acids that are imesg of requirements are
deaminated and the N portion is excreted in theeuais uric acid increasing pollution.
On average, only 40% of feed N is used for productieggs or meat, and the
remainder is excreted. In all cases, N excretionkm reduced by a better balance of
amino acids in the diet.

The transfer of N from feed to egg by laying heasusually below 40%. The
efficiency of protein utilization is best when alnino acids are close (not above) to
needs for protein accretion and maintenance. Mateal (2005) reviewed literature
data that indicate that the productive performaofckying hens was similar with the
common diet with 165 g/kg crude protein or withoaiprotein diet with 140 g/kg of
protein, but with added methionine and lysine. Thexcretion was strongly reduced
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(by 25%). Clearly, diets that meet strictly the amiacids requirements of the bird
result in less nitrogen excretion. However, poulByprobably more sensitive to a

reduction in N in the feed than pigs and therefepecial care is needed when using
low-protein feeding to reduce excretion. To reddten poultry feeds seems more

complicated than to reduce N in pig feeds, probdddgause our knowledge on the
ranking of limiting amino acids is more limited. dlorder of the limiting amino acids

and the economics of use of synthetic industriahanacids are key issues to reduce
the N excretion by poultry.

The IPPC Reference Document on Best Available tgcies for the intensive rearing
of poultry and pigs (IPPC, 2003) provides also necwndations for low-protein
feeding of poultry. The suggested indicative crymletein values as best available
technique (BAT) have been summarized in Table h2. Aighest protein content is for
young turkeys (27 - 22 %) and young broilers (22%2®ut these animals also have
the highest N retention (about 45-50%), becausthaf fast growing rate. Laying
hens and ‘old’ turkeys have a relatively low proteequirement (17 to 14 % protein,
equivalent to 27 to 22 g N per kg).

Table 12. Suggested indicative crude protein valaepoultry, as best available
technique (BAT), according to the IPPC Referenceubment on Best Available
techniques for the intensive rearing of poultry gmgs (IPPC, 2003).

Species Phases Crude protein content Remark
(%0 in feed)
Brodler | ______: sarer | . 20-22 ]
........... grower  _____|._._......19z21 ]
finisher 18-20
Turkey o <Aweeks | 24-27 ] With adequately
_________ 5—8weeks | 22-24  |balanced and optimal
________ 9—-12weeks |~ 19-21  |digestible amino acid
ceeeeei3Tweeks 16219 ] supply
16+ weeks 14-17
Layer oo 18AQweeks L 1557165 ..
40+ weeks 145-155

Table 5.5: Indicative crude protein levels in BAT-feeds for poultry

Comparison of the results reviewed by Matteos €2@05) with the indicative crude
protein values according to the IPPC Reference Deci on Best Available
techniques for the intensive rearing of poultry gngs (IPPC, 2003), suggest that
there is still some scope for further decreasirmgpiotein level of poultry feed. This is
also the notion of experts of the European Animedd-Association and of the Animal
Sciences Group of Wageningen University. Based henresults of Matteos et al
(2005) and other experts, it is reasonable to sighat the protein content of poultry
feeds, including the suggested indicative crudégpmacontents according to the BREF
of the IPPC (2003) may be lowered by 5-10% durihg hext 10 to 15 years.
However, this requires further research about titecal amino acids in the various
diets, and training and support of farmers, as a®llhe provision of animal feed with
the proper amino acids in balance.
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It should also be noted that poultry in batteryesapas lower (10-20%) N excretion
than poultry in ground-based housing systems. Tineegnt trend in some countries is
from battery cages to ground-based systems, bechasémal welfare regulations.

Summarizing, the mean N excretion of poultry magrdase perhaps by 5-10%
through a lower protein content of the animal feel a more adjusted (phase-)
feeding, over a 15 to 20 year time period (202052@2 horizon). This modest
decrease follows from the current rather low meaaxidretion values, and from the
trend towards ground-based housing systems.

3.9. Discussion

The previous analysis suggests that there is soopgewering the total N excretion of

animals in the EU-25+ by roughly 10% through a coration of measures, including:

» lowering the protein content of animal feed, withvathout additions of specific
amino acids and improved phase feeding;

» improvement of the genetic potential of the herds, increasing the milk yield per
cow and the growth rate of pigs, poultry and beénals;

» lowering the replacement rate of dairy cattle, @asing the growth rate of young
dairy stock and lowering the age of the young sattdirst calving;

There are additional high-technological measuresh sas the use of antibiotics,
antimicrobial agents, and certain growth hormonest these measures are not
considered here, because of animal welfare reason.

Note also that the analysis has been restrictddeanain livestock categories dairy
cattle, other cattle, pigs and poultry. It is resdde to suggest that the scope and
effects of lowering the N excretion of other anim@hainly sheep and goat) is limited,
because these animals are kept mainly on extepsivahaged pastures and farms

Also a top-down enforced decrease of the numbemeohals is not included in this
analysis, although it will be clear that decreasihg number of animals (via
implementation of for example a quota system) cdnddvery effective in decreasing
the N excretions and also the N emissions resuftimgp the N excretions. However,
an enforced decrease of the number of animalstisialded in this analysis

The available data do not allow to making a moexige estimate of the potential for
decreasing the N excretion by animals in the EU;2Ban the suggested rough mean
of 10%. The accuracy of the estimated potentiafese in N excretion is on the one
hand constrained by our limited knowledge of themah physiology and especially
the animal nutrition (the minimum requirement famiao acids), and on the other hand
by our limited knowledge of current practice. Therent information in the RAINS
database indicates that (i) there is little vaomatin practice as regards the N excretion
of dairy cattle, other cattle, pigs and poultry agocountries, and (ii) that the N
excretion of these main livestock categories in theious countries is not
(excessively) high. Hence, on the basis of the RAlMitabase, there is only limited
scope for decreasing N excretion. The data alsaatel that there is very limited
scope for regional differentiation in the scope dl@creasing N excretion. But it is
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unclear to which extent the information in the RAINlatabase indeed reflects the
variations in current practice.

It is recommended that a thorough survey is beiraglenof the animal feeding
practices in the EU-25+, and that a uniform methaglpis applied for estimating the
regional variation in N excretion by animals. Therent N excretion values in RAINS
are based on estimates by country specialistsitamdinclear whether these estimates
reflect indeed the variation that occurs in praetithis holds as well for the projected
number of animals for the next decades. More peeeistimates of the regional
variation in N excretion will also allow to makingore accurate estimates of the
potential for decreasing N excretion by animals.

The suggested decrease of the N excretion by asibyafoughly 10% in the next 10
to 15 years will be achieved only with proper intoes, including
- training and advising farmers;
- demonstration trials and farms;
- covenants with animal feed industry and farmers;
- research for improving the requirement of animals dmino acids and the
diagnosis of amino acids in diets.

The prospects of decreasing the N excretions ahalsi will depend on the current
situation of animal feeding in practice, the ediscatnd management level of farmers,
the animal physiological limits of animals, and #wnomic and social costs of doing
so (Van Bruchem et al., 1999; Oltenacu et al., 2@#Eema and Tamminga, 2006). It
will vary per country and per animal category, thdre is very limited knowledge at
this stage for making precise estimations of regjiolifferentiated predictions.
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4. Improving N use efficiency through balanced N filizer application

4.1. Introduction

On average, less than 50 of the applied N to cva@ptertilizer and animal manure is
taken up by the crop (e.g., Mosier et al., 2004 dther 50 is, for a greater part,
dissipated in the wider environment, causing vaieavironmental and ecological
side effects. These N losses are also an econossdd farmers, especially when
fertilizer costs represent a large fraction oftittal costs of farming. It is commonly
accepted that significant improvements must andoeamade in N use efficiency
(NUE) to produce enough food for feeding the grapimiman and animal populations
and to avoid large-scale degradation of ecosystemsed by excess N.

Nitrogen Use Efficiency (NUE) is a commonly usedligator in agriculture, but its
value highly depends on the way it defined and utated. In field studies, four
agronomic indices are commonly used to measure Ndiial factor productivity
(PFRy), agronomic efficiency (AR, apparent recovery efficiency (RE and
physiological efficiency (Pk) as defined in Mosier et al., 2004). Here, we NE& in

a general terms, to express the use efficiency afoNrces, and thereby can be
considered as ‘apparent recovery efficiency’ ofligggpN fertilizer, animal manure and
crop residues.

The key factors that control the N use efficielJE) at crop level in agriculture are:
(i) crop N demand, (ii) N supply, and (iii) N lossdcach of these factors is influenced
by several processes and variables, as shown urd=i§. Some processes can be
managed in a field (e.g., delivery of nutrientssedise control), but other variables
cannot be controlled (temperature, rainfall or smxture).

The processes and variables that control the utikeby crops (and thus the NUE as
the control center in Figure 7) can exert a diggchn indirect effect on RE and they
can also be placed in an order of increasing saante. Hence, the processes and
variables, which have a direct effect on NUE arated at a high level of significance,
will exert a major control on NUE. In contrast, pesses and variables operating at an
indirect level and placed at a low level of sigraince will have less effect on NUE.

Foremost, the NUE by a crop is driven by its demé&rdN. Crop yield is highly
correlated with total N uptake. Crop N demand isealy related to certain
fundamental processes, associated with crop growth, light (energy) and
temperature. Availability of water and other nutte (P, K, Mg, S) increases crop
demand for N and NUE.. The NUE will further increashen insect pests, diseases
and weeds are eliminated.

N supply in the soil originates from applicationMfvia manure and fertilizer or from
net mineralization of SOM or crop residues, andasoheric deposition. The NUE is
partly dependent on how much mineral N originatednf current N application versus
net mineralization of SOM or unused N from previapplications (Figure 7). Of
more significance in controlling NUE, however, fetsynchronization of N supply
with crop demand for N. For example, split N apgiion could synchronize N supply
with the crop demand for N, leading to higher NUE.
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By creating a strong sink for applied N in the ¢roe., removing all growth limiting
factors, and by providing an optimum delivery sgstef N to the crop, a maximum
NUE value of 90 (assuming 10 of the acquired N a@mn the roots) could be
theoretically obtained. However, the theoreticalxmum NUE value is never
obtained because it is impossible to optimizeadtdrs that control crop N demand, N
supply and N losses. Applied N can be lost via tiiéioation, leaching, runoff,
volatilization, and/or soil erosion (Figure 7).

Increase in

A significance
N demand
Climate/rainfah » Light/temperatufe
N losses 4
/Water\ N
use Water ¢— Climate/rainfall
. Crop demangl .
Managememi Pest/diseases/weets— Y efficiency
Available nutrients (-N) Denitrificatio Soil texture/soluble
A Leaching/runofie¢— Soil texture
|~
< r'd
Indirect Direct Volatilization €4—  pH
A
N supply e ~_
N delivery /V Ineral 1 Erosionq——— Topography
Fertilizer-N
Water/temperature Manure N
. —» Mineralization/ »
Organic mattelg immobilization Direct control Indirect control
Soil type
<
Indirect control Direct control

Figure 7. Conceptual model depicting the three naantrol boxes (i.e., N demand, N
supply and N losses) and their major processes \@arihbles, regulating N use
efficiency (NUE). The symbol in the center of theré represents the ‘control center’,
which influences the flow of applied N into the gcrand therefore the NUE. The
horizontal listing and their distance from the ‘¢oy center’ of the processes and
variables within each box reflect their direct ardirect effect on NUE. The vertical
location of processes and variables within each tedbects their level of significance
on NUE (after Mosier et al., 2004).
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In practical terms, improving NUE requires a conéngackage of measures. One of
the most important measures is improving the ol/enahagement of the soil and the
crop, and ‘matching N supply to N demand’, i.e.eyant ‘overfertilization’. In
addition, various additional measures can be ta&snndicated also in the Code of
Good Agricultural Practices of the Nitrate Direetivihese include proper techniques
and timing for the application of fertilizers andimal manure so as to circumvent N
losses via ammonia volatilization and leaching édsssand no application of manure
and fertilizers in autumn and winter and on wet sloging soils.

The concept of “balanced fertilization” as implertezh in MITERRA is detailed
further below. It estimates the degree of ovelfedtion in practice in the EU-25 for
the year 2000 and hence the scope for lowering ptirand improving N use
efficiency. The evidence for overfertilization isastered however. Results of the
CAPRI database suggest for some countries a caabideN surplus, suggesting that
there is scope for a decrease. This holds muchféedbe new member states of the
EU, which have faced a considerable drop in theofi$ertilizers.

4.2. Current level of fertilization in EU-25+
Estimating the adequacy of N fertilization (i.hetdegree of overfertilization) at the
level EU-25+ or at member state and regional levelsiot an easy task. The
fertilization depends on a whole complex of soaoremic, cultural and
environmental (natural conditions) factors. Keyiaadors for assessing the adequacy
of N fertilization at regional and national levele (see also Figure 7):

- crop type and crop yields;

- inputs of N via fertilizer and animal manure; and

- surpluses of N.
When using N surpluses as indicator, a properndistin must be made between crop
production farms and animal production farms. Cpspduction farms have much
lower N surpluses, because these farms include amdytrophic level. Mixed animal
farms include two (crops and animals) trophic lsevahd thereby have much greater
opportunities for N to escape from the system amdhmiower N retention. In crop
production systems, the N surplus will depend 9métural factors and conditions
(climate, soil type, geomorphology) and (ii) manageat related factors (type of crop,
use and management of animal manure and fertilizergation, etc.). The
combination of these factors defines the actualifglas. In this paragraph, we briefly
summarize the inputs of N fertilizer and animal or@and the surpluses of N, so as to
assess the adequacy of N fertilization and theesémpimproving the N use efficiency
in crop production. The focus is on N inputs videdilizer and animal manure and on
N surpluses.

The total N fertilizer input in the EU-25+ has $tal to decrease from the end of the
1980s, following a steady increase from the 195@sands (Figure 8). The sudden

drop in the early 1990s is caused by the politcdanges in the new member states
from central Europe. The current level of N fer#éli use in these central European
countries is still rather low, for Economical reaspprobably below optimum. Hence,

the current trend in N fertilizer for the whole EA3+ are the resultant of a steady
decrease in N fertilizer use in the EU-15 membatest and a variable but slight

increase in the new member states in Central Eufpetotal N input via N fertilizer

in EU-25+ is about 10 Tg per year (Figure 8).
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Figure 9. Trend in the mean production of N in agimanure in EU-25+ (after Zwart

et al., 2006).

The amount of N in livestock manure is slightly desing from the end of the 1980s
onwards (Figure 9), and is currently only slighgs than the amount of N fertilizer in
the EU-25+. The slight decrease in the amount &f e resultant of the decrease of
the number of dairy cattle in the EU (due to théknguotum), the decrease in the
number of cattle, pigs and poultry in the new mem&tates from central Europe
following the political changes in the early 199@8d the increases in the number of
pigs and poultry in EU-15 and the increase in Nretxan per dairy cow (because of

the increase in milk yield per cow).
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The area of agricultural land in the EU-25+ has ateadily decreased from the
second half of the 1980s onwards, especially inné& member states of Central
Europe (land abandonment), and due to the incrgaseas used for urbanizations and
nature conservation. Current areas of major adurall crops are presented in Table
13.

Table 13. Areas of main agricultural crops in thg-25+ in the year 2000, according
to CAPRI database. For definition of crop group=e ¥elthof et al. (2007).
Areas of major crop groups, in 1000 ha.
Country Root crops (C1)  Cereals (C2)  Fruits (C3) Forage crops (C4) Total

AT 623 356 139 1062 2180
BL 443 65 68 768 1345
cz 1844 264 162 1217 3488
CY 67 6 36 23 133
DE 6782 1958 475 5835 15049
DK 1533 126 42 860 2562
EE 264 70 8 348 689
ES 5076 2913 5581 5742 19311
F 867 476 30 243 1616
FR 8084 3282 1783 12741 25890
EL 435 1074 2031 1233 4772
HU 1885 1899 317 1378 5479
IR 341 21 5 3454 3820
IT 1664 3395 3028 5000 13087
LT 904 229 88 1176 2396
LU 28 3 12 80 122
LV 400 133 20 760 1313
MT 4 0 2 5 11
NL 569 42 82 1196 1889
PL 5373 4930 582 3526 14412
PT 145 470 794 1227 2637
SE 979 370 42 1128 2518
SI 66 53 33 187 339
SK 812 308 60 750 1930
UK 3783 145 335 10358 14620
BG 1653 967 367 1394 4382
RO 3412 4228 678 4655 12973
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Surpluses of N for the EU-15 are presented in Taland for the new member states
at NUTS-2 level in Figure 10. Mean N surplusesetifbetween Member states by a
factor of 10 in the year 2000, ranging from 24 leg pa per in Portugal to 256 kg per
ha in the Netherlands. Table 14 clearly shows t&tmain inputs are via N fertilizer
and animal manure. There is a strong correlatiawdsn the N output via harvested
crop (crop N removal) and the N input via fertiizeanimal manure and also
atmospheric deposition. The strong correlation betwcrop N removal and amounts
of animal manure follows from the fact that foragep fed to cattle have a high N
uptake. Hence, proper assessments of the adeqticfedilization on the basis of N
input and N output data as presented in Table bdocdy be made when additional
information about the farming systems and cropesyistare taken into account.

Table 14. Average input of N (via N fertilizer, logical N fixation, and atmospheric
deposition), average N output (via harvested cromluding grazed grass), and
average N surplus, in kg per ha in the year 20@@pading to Eurostat.

Country Mineral N Biological Organic  Atmospheric Crop N N surplus
fertilizer N fixation manure deposition  removal
United Kingdom 77 3 67 15 125 37
Netherlands 184 1 265 36 230 256
Austria 33 3 48 20 68 36
Belgium+Luxemb. 114 3 220 33 225 145
France 89 5 46 16 116 40
Ireland 91 1 123 10 162 63
Italy 62 2 45 12 80 41
Denmark 106 8 114 18 135 111
Germany 104 3 65 29 109 92
Spain 41 3 23 6 38 35
Greece 88 2 49 7 98 48
Finland 81 3 39 5 72 56
Portugal 31 2 39 3 51 24
Sweden 66 4 39 5 79 35

The N surpluses in the new member states are aagevédower that those of the EU-
15, except for Malta (MT), Cyprus (CY) and Sloveli&l). Average N surpluses of
most new Member States is in the range of 25-58 kgr ha per year (Figure 10), and
with little regional variation. Surpluses in new mmger states in Central Europe have
dropped significantly in the 1990s following theogrin N fertilizer use (see Figure 8).
The current low N surpluses in the new member stat€entral Europe suggest little
wasting of N and also little scope for lowering Mput. However, crop yields are also
low. For the next few decades, it is reasonablgssume that crop yields and N input
will go up again. There are considerable differancemean N surpluses at national
level between the estimates provided EUROSTAT, OE@B CAPRI (Velthof et al.,
2007), suggesting uncertainties and errors in thigsscal information. Hence, the N
surpluses must be considered with caution.
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Figure 10. Mean N surplus at regional level in thew member states in 2000,
according to the CAPRI database.

4.3. Matching N supply to N demand

Matching N supply to N demand of the crop means tiia amount of applied plant
available N via fertilizer and animal manure isedrio the crop N demand, while due
accounts are made of N inputs via atmospheric dgmos mineralization of soil
organic matter and crop residues, and biologicdixstion. In practical modeling
terms, this requires the following assessments:

I. Assessment of the N demand of the crop:

In MITERRA-EUROPE, the crop yield and the amount\ofemoved via harvested
product in the year 2000 are used for the assesswhéhdemand per region (Velthof
at al. 2007). Apart from grassland, crop yield da@a2000 have been derived from
FAO. Grassland yields were estimated on the bdsiarious data sources (Velthof et
al., 2007). Crop yields for all crops in EU-15 Mesnlstates were assumed to stay
constant between 2000 and 2020, while crops yieldsd! crops in the new Member
States were assumed to increase by on averagef@b&wing the drop in the 1990s).
The non-harvested crop parts (roots and crop res)dare estimated for each crop
(using crop types of CAPRI). Data on the ratio lestwN in harvested products and N
in crop residues are based on Velthof & Kuikmar0@0
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II. Assessment of the total amount of plant-avadath

In MITERRA-EUROPE, sources of plant-available N:ar

* Manure (= excretion in stable, corrected for gasdosses in stable):

» Excretion during grazing (= excretion during gragircorrected for gaseous N
losses).

» Fertilizer (= fertilizer applied, corrected for gasis N losses).

* Biological N fixation

» Atmospheric N deposition

» Crop residues

* Mineralization of N from soil organic matter

To estimate the amount of plant-available N alfeeti N equivalency is introduced in
MITERRA-EUROPE. The fertilizer equivalency is dedth as the fraction of N of a
particular N source that is available to crop uptakhe availability of N fertilizer
containing only nitrate, applied under conditiorithaut surface runoff is by definition
set at 100%. The most common N fertilizers contegmitrate and/or ammonium have
a fertilizer equivalency < 100, because some amawvolatilization occurs. Table 15
provides on overview of the fertilizer equivalen€igr) used in MITERRA-
EUROPE.

Accounts are made for the mineralization of N froranure and crop residues during
the year of application. The residual organic Nciop residues and animal manure
after 1 year is attributed to the soil organic m@afiool (hence will contribute to the
mineralisation of N from soil organic matter).

The total amount of plant-available N is calculagsdollows:

fertilizer * fgrert + manure N * fgan+ excretion during grazing * g+

biological N deposition * fg, + atmospheric N deposition * §g+ mineralization *
fc]nmin

Mineralization of N from soil organic matter is ary sensitive parameter, and various
sensitivity analyses were carried out. In most ades, the organic N content of
agricultural soils was considered to be constagn¢k, no net N mineralization).

Not all crops have the ability to take up all ‘dahie N” from the soil. In this case, we
distinguished three categories of crops. Grasskmonsidered to be highly effective
in taking up ‘available N’ from the soil (permanerdver all year round, extensive
rooting system) and the ‘efficiency factor was &efl.0. Cereals are considered to be
also effective in taking up ‘available N’ from tkeil (relatively long growing season,
extensive rooting system) and the ‘efficiency facteas set at 1.1, while all the
efficiency factor for all other crops was set &5l.indicating that the supply of plant
available N has to be 1.25 times the N demandetthp. Evidently, the choice of the
efficiency factor is a highly critical factor.
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[ll. Matching N demand to N supply
In a perfect match, the total supply of plant-aafalié N is equal to the total N demand
of the crop. If the amount of plant-available Nsimaller than the N demand of the
crop, the crop vyield is less than optimal. If theoaint of plant-available N is larger

than the N demand of the crop, the crop yield ssiaged to be optimal, but N losses to
the environment are larger than in the case ofreegtematch. Hence, with ‘balance

fertilization’ N supply is equal to N demand of ttxp.

Table 15. Fertilizer equivalency values «f§§ of N sources, as used in MITERRA-
Europe (after Velthof et al., 2007).

N source

Fertilizer N equivalency

Assumptions

Fertilizer: fQert

100 NH-loss from
fertilizer — surface runof
fertilizer, %

f

Manure inorganic 100 — NH-loss from| Assumption: liquid manures
N: fQman manure — surface runoffcontain 60% mineral N, soli
manure, % manures contain of 25% and
excretions during grazing 50%.
Grazing: inorganic | 80 - NHs-loss from grazing Assumption that N concentration
fQex — surface runoff grazing, %in urine patches exceed locally
the N uptake capacity of the
grass, by which a part (20%) |is
not plant-available, i.e. in winter
Biological N | 100% of total fixed N
deposition: g
Atmospheric N| 75 % of total deposited N Assumption that on averag§%
deposition: fgm of the N is deposited in periqd
with no crop uptake, i.e. in wintgr
Gross For grassland: Assumption: the gross
mineralization  off 90% from the gross mineralization is equal to the
soil organic N in| mineralization of organic N organic N added via crop
mineral soils: fgin | in mineral soils. residues, manure and grazing in a
steady state situation (no change
For arable land: in organic N content of the soil).
70% from the gross The amount of crop residue |is
mineralization of organic N fixed at the amount in 2000 to
in mineral soils. facilitate calculation of yield in
dependency of the amount pof
plant-available N. It is assumed
Gross mineralization = N inthat on average 25% of the N|is

crop residue in 2000 +
organic N in manure +
organic N excreted during

mineralized in period with n
crop uptake.

grazing

If the amount of

plant-available N

is higher thahetcrop demand (i.e.

overfertilization), the N input may be decreasete Tirst step to achieve a perfect
match of supply of plant-available N to the totalddmand of the crop (‘balanced
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fertilization’) is to decrease the N fertilizer up When ‘balanced N fertilization’ can
not be achieved by deleting N fertilizer applicatialso the application rate of animal
manure N has to be decreased. The surplus mansite ba exported to other regions
or to be treated and removed from agriculture. Heme distinguished two categories
of crops; (i) grassland, where there is no mininirfertilizer and all N fertilizer may
be withheld, and (ii) all other crops where the imum N fertilizer dressing is 50% of
the dressing in 2000.

Balanced fertilization may result in an increasehaf fertilization equivalence factors
for fertilizers and animals (as indicated in Tali®). This is as yet not explicitly
programmed in MITERRA-EUROPE yet.

The total amount of N applied via animal manuresdoet exceed 170 kg per ha per
year, unless the area has been granted a derogdtihis obligation of the Nitrate
Directive, and is allowed to apply more. This holids some farms in Austria,
Germany, Denmark, Netherlands, Belgium, and Ireldie procedures for estimating
the amount of N from animal manure per NUTS 2 aneth farms that have
derogation are described in detail in Velthof et2007).

Summarizing:

1) The total N demand of the crop is calculated, anlihsis of statistical (Eurostat,
FAO, CAPRI) data and literature data for N uptakeHe crop;

2) The total amount of plant-available N is calculatagiin on the basis of statistical
(Eurostat, FAO, CAPRI) data,;

3) The overfertilization factor per crop and NUTS-2dkis derived, on the basis of
the total amount of plant-available N > total N @am of the crop.

4) Balanced fertilization is approached by decreaslirfgrtilizer input to the level of
the N demand by the crop. If balanced N fertiliaatis still not achieved after a
decrease of fertilizer application (till 50% of tbeginal N application for all crops
except grassland), the application rate of manure fdduced. The excess manure
is assumed to treated and removed from agriculture.

5) The environmental effects of balanced fertilizatave assessed, using MITERRA,
relative to the Reference run.

4.4. Discussion

The previous analysis (indirectly) suggests thatehs scope for improving the N use
efficiency in crop production by more efficient useanimal manure and fertilizers
and hence by a lower fertilizer N input. This holespecially for the intensively

managed crop production systems (including foragéyrtion) in many of the EU-15

Member States.

There are various reports from Member States itidigahat significant improvements
have been made in N use efficiency and in decrgalinsurpluses in agriculture
through a combination of measures. Denmark is edygxample in this case. Figure
11 shows that the N use efficiency in Danish adpice has increased steadily during
the last 10 to 20 years, and that N surpluses teygped steadily. The success of the
Danish case has been ascribed to two factors, gaimehandatory fertilizer and crop
rotation plans, with limits on the amount of plantailable N to be applied to different
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crops, and (ii) the statutory norms for the fractmf manure N assumed to be plant
available (the fertilizer equivalence factors,dgfor manure in Table 15). These two
instruments have been enforced (and became mac §ir several rounds between
1991 and 2004. These regulations have been desigredse dialogue with farmers
and farmers associations and have been followedbypnformation materials,
demonstration, extension and education. Also, exterresearch programs have been
supported (Dalgaard, 2006). Rather similar sucsts$es have been reported for the
Netherlands (Van Grinsven et al., 2005).
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Figure 11. Changes in the N surpluses, N leachimg ase efficiency of N in Danish
agriculture (after Dalgaard et al., 2006).

The lessons to be learned from the Danish caseo#mer cases is that a steady
lowering of N surpluses and a steady increase @fiNtuse efficiencies can be made
only following the implementation of sound policiemd measures, including the
training of farmers and extension services, andpstpd by extensive research
programs. Mosier et al (2004) state that improveamém NUE require knowledge
intensive N management practices and are brougiuit doy:
- increased yields and more vigorous crop growthp@aged with greater stress
tolerance of modern crop varieties
- improved management of production factors othem tidtillage, seed quality,
plant density, weed and pest control, balancedlifation of other nutrients
than N (see also Figure 7), and
- improved N fertilizer and animal manure managemémtpetter match the
amount and timing of applied N to crop N demand.
Prerequisites for implementing such practices hat they must be simple and user
friendly, involve little extra time, provide congst gains in NUE and crop yield and
are cost-effective. Optimizing the timing, quantityd availability of applied N is the
key to achieving a high NUE.
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Further increases in NUE of about 10-30 relativepresent levels appear feasible in
many regions, through fine-tuning of the N managen{®osier et al, 2004). They
require suitable policies and significant long-temaestments in research, extension
and education. The policies and investments nedz teegional specific, because of
the different agricultural practices and prioritieglifferent countries.

In practical modeling terms, in MITERRA-EUROPE, iraping NUE is brought
about by a combination of:
- lowering N fertilizer input, without change in crdpremoval;
- increasing the fertilizer equivalence factor formage (fgna), combined with a
lowering of the N fertilizer input, but without &a&nge in crop N removal;
- increasing the fertilizer equivalence factor fortifeer and other N sources
(fdrer, ferop), @nd thereby increasing crop N removal, withobtigging N
fertilizer input
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5. Optimal combination of NH; emission abatement and balanced fertilization

5.1. Introduction

In EU-27, about 75% of the NHemitted to the atmosphere can be attributed to
livestock production (Webb et al., 2005; Amann let 2006b), and hence, measures
restricting NH emissions from the livestock sector are considdcetbe the most
effective approach to reduce the impact of;sNiH the environment. On average more
than one-third of the total amount of N excretedabymals in dung and urine in the
EU-27 is emitted into the atmosphere. The fractiomtted greatly depends on whether
the animals are grazing or housed indoor, and enatiimal housing systems, the
manure storage systems, and the application ofadmmanure to land. The fractions
emitted can be greatly lowered through technoldgica management measures, and
various Member States have implemented various unessalready in practice.
Because of the large fraction of the excreted N ¢ha be lost and the availability of
various effective measures, HBmission abatement measures fall in the category
‘most promising measures, as defined in the calltémder (see also chapter 1).
However, some of these measures are costly and thavesk of increasing other
emissions, when not integrated properly. Hencecltadlenge is to find the most cost-
effective set of measures and to integrate the umeasvith integrated N management
(balanced N fertilization).

5.2. Overview of NH ; emission abatement measures

Guidelines for ammonia abatement have been dewiklapd are being updated by
Working Group on Ammonia Abatement of the UNECE @mntion on Long Range
Transboundary Air Pollution (CLRTAP). In a guidancm®cument (Framework
Advisory Code of Good Agricultural Practice to reduAmmonia Emissions, to be
found at:

http://www.unece.org/env/documents/2001/eb/wg5ietng.5.2001.7.e.pdf

an overview is presented of the best availablenigcies to reduce ammonia emissions
from all major on-farm sources (animal house, gferapreading manure), and for all
animal categories (including cattle). Besides emmsseduction potential compared to
traditional systems (e.g. uncovered storages), @tsmomic data (investments, costs)
are provided. The guidance document is updatedregwar basis, under supervision
of the CLTRAP Expert Group on Ammonia Abatementtglbshed under the
Working Group on Strategies and Review). The Cddeawnd Agricultural Practice to
reduce Ammonia Emissions of the UNECE- CLRTAP cdegy six sections, as
follows:

Nitrogen management that takes into accoungriiee N cycle;

Livestock feeding strategies;

Low-emission manure spreading techniques;

Low-emission manure storage techniques;

Low-emission animal housing techniques;

Limiting ammonia emissions from the use of mah&\ fertilizer

ogkrwNE

The Code includes guidance on reducing ammoniasens from all the major

agricultural sources for which practical and widapplicable techniques are available.
Detailed guidelines have been made for livestoadifey strategies, low-emission
manure spreading techniques, low-emission manorage techniques, low-emission
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animal housing techniques, and the use of minerdémlizer that limit ammonia
emissions. The guidelines for “Nitrogen managentieait takes into account the entire
N cycle” (Section nr 1) are very similar to the @oaf Good Agricultural Practice of
the Nitrates Directive. The ammonia abatement ogtioresented in the BREF under
the IPPC Directive and in the Framework Advisoryd€ander UNECE-CLTRAP are
very similar, except for cattle which is not incalin the IPPC

Examples of the ammonia abatement options forechtilses, and manure storage are
presented below in Tables 16, 17 and 18.

Table 16. Overview of ammonia abatement measurebenCLTRAP Framework
Advisory Code of Good Agricultural Practice to reduAmmonia Emissions from
cattle housing stables.

Housing type Reduction ~ Ammonia emission
(%) (kg/cowplace.year)

Cubicle house - 11

Tying stall 60 4.4

Grooved floor 25 8.3

Solid manure, sloped floor or deep litter system 0 3 7.5

Flushing and scraping systems 25 No practical data

Table 17. Ammonia abatement efficiencies of maappdication techniques (UNECE,
1999).

Method Abatement efficiency,
%

Trailing hose 30

Trailing show 40

Injection, open slot 60

Injection, closed slot 80

Incorporation of surface applied manure directljoithe 80

soll
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Table 18. Overview of ammonia abatement measunesnémure storage in the
CLTRAP Framework Advisory Code of Good Agricultuiatactice to reduce
Ammonia Emissions.

Abatement Livestock  Ammonia Applicability Costs,
measure class reduction, % €/m3.yr
Lid, tent, roof all 80 Concrete or steel 8

tanks and silos
Plastic sheet or all 60 Small earth banked 1.25
floating cover lagoons
Plastic sheet or all 60 Large earth banked 1.25
floating cover lagoons
Low tech floating all 40 Concrete or steel 1.10
cover (peat, chopped tanks and silos
straw, LCA...)
Natural crust on tank Cattle 35-50 Not when mixing is 0
or lagoon required upon

spreading

Replacement of All ? 14.9 (cost of
lagoons with tanks tank: 6.94)
Storage bag All 100 Bag sizes may be 2.5

limited for use on
larger farms

5.3. NH zemission abatement measuresin RAINS/GAINS

The major ammonia emissions abatement categoriegadoculture considered in

RAINS/GAINS are similar to those of the Code of @oAgricultural Practice to

reduce Ammonia Emissions of the UNECE- CLRTAP. Thmjor abatement

categories for agriculture considered in RAINS/GAlBre:

1. Low N Fodder (dietary changes), e.g., multi-phassling for pigs and poultry, use
of synthetic amino acids (pigs and poultry), anel tbplacement of grass and grass
silage by maize for dairy cattle;

2. Stable Adaptation by improved design and constuaoif the floor (applicable for
cattle, pigs and poultry), flushing the floor, clite control (for pigs and poultry), or
wet and dry manure systems for poultry;

3. Covered Manure Storage (low efficiency options Witiating foils or polystyrene,
and high efficiency options using tension caps, coete, corrugated iron or
polyester);

4. Biofiltration (air purification), i.e., by treatmef ventilated air, applicable mostly
for pigs and poultry, using biological scrubberstmvert the ammonia into nitrate
or biological beds where ammonia is absorbed bgriogmatter;

5. Low Ammonia Application of Manure, distinguishinggh efficiency (immediate

incorporation, deep and shallow injection of mahared medium to low efficiency

techniques, including slit injection, trailing shagurry dilution, band spreading,
sprinkling (spray boom system).

Urea substitution, substitution of urea with amnoominitrate; and

. Incineration of poultry manure

No
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RAINS/GAINS does include the specific measure “ittiattion” or “air purification’
which decreases NHemissions from livestock houses. It does inclute specific
measure “incineration of poultry manure”, which da@ seen as a variant of Low
Ammonia Application of Manure. However, RAINS doest include the measure
“Nitrogen management that takes into account thieeeN cycle”.

The removal efficiencies for NFHIN,O, and CH on a country level for the so-called

“RAINS measures” are shown in Tables 19 and 20s Tiaible shows that some of the
measures have effect on one specifiBblrce (BF, CS, LNA), while other measures
have effect on more than one pnitting source (e.g. LNF, SA).

Table 19. The removal efficiencies for ammonia fRAINS on a country level (table
5.1 in Klimont & Brink, 2004).

Table 5.1: Emission control options for NH; considered in the RATNS model and their assumed
removal efficiencies (based on the UNECE, 1999b: EB. ATR/'WG.5/1999/8 Rev,l)’}.

Removal efficiency [%0]

Abatement option Application areas Animal house Storage Applicarion  Grazing
Low nitrogen feed Dairy cows 15 15 15 20
(LNE) Pigs 20 20 20 na.

Laying hens 20 20 20 na
Other poultry 10 10 10 n.a.
Biofiltration [BIF]"] Pigs. poultry 80 n.a. n.a. 0.4
Animal house Dairy cows 13 80 n.a. f.a.
adaptation (SA) Other cattle 25 80 na. na
Pigs 40 80 1.3, n.a.
Laying hens 65 80 na. na
Other poultry 85 80 1.a. 4.

Covered storage (CS_low/high)  Dairy cows, other
cattle, pigs, poultry na. 40/80 n.a. n.a.
[liguid manure]

Low NH;: application Dairy cows, other

(LNA_low/high) cattle, pags, poultry, n.a. na. 20/80 na.
sheep [zolid wasre]
Dairy cows, other

cattle, pigs n.a. na. 40/80 n.a.
[liguid manure]
Urea substitution (SUB) Fertilizer use 80—93
Stripping/adsorption Industry 95
Manure incineration Other poultry ~60

Y For some countries changes to these numbers where made as RAINS allows for country-specific reduction
efficiencies, these was based on consultations with national experts during the wotk on the scenarios for
Gothenburg Protocol. ¥ Although some countries indicated that this option is also available for cattle
(becaunse some ansmal houses are egquipped with mechamcal ventilation), it has not been implemented in
RAINS, vet. ” Based on the example for UK. the values might vary from country to country.

n.a.: not applicable
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Table 20. The removal efficiencies for nitrous exahd methane RAINS on a country
level (table 5.3 in Klimont & Brink, 2004).

Table 5.3: Impacts of NH; control options on emissions of N;O and CH, (percentage changes in

emissions).
Sources of C]—ht}:I Sources of N;0
. . ) Indirect enuss:
Manure Ammal Direct soil SCt essions

Control options Livestock category management  production emissions N deposition N leaching
Low nitrogen feed dairy cows, pigs. 0 2 — -3 -2

poultry
Air purification 0 +3 0 -3 0
Animal housing . L) a) LA
adaptations pies -10 900 -

poultry -90 900 +3 -2 +3
Covered storage of . 2 a) 2

cattle, pigs. poultry 10 -10 + =¥ +
manure
Low INH; application cattle, pigs. poultry, a) L
(low/high) sheep 0 0 60100 B
Urea substitution fertilizer use 0 0 0 -3 0
Stripping/absorption mndustry 0 0 0 -3 0

¥ The effect is calculated on the basis of changes in the N flow due to changes in excretion rates and N-
volatilisation rates; ® There are no effects of NH; abatement on CHy emussions from enteric fermentation.

5.4. Cost-effective measures to achieve the Thematic Strategy on Air Pollution

As discussed before (Chapter 3), low-protein anifeatling is an effective and efficient
measure as it decreases both;MNthissions, N@leaching and direct and indirect®l
emissions. This measure can be characterized amgyhdy hintegrated measure. The
measures ‘stable adaptations’, ‘covered manureagtst, ‘low-emission application
techniques’, ‘biofiltration’ and replacing urea tibzers by (ammonium-nitrated) based
fertilizers specifically aim at decreasing the lo§&NH; from the livestock manure. These
measures lead to increasing amounts of N in theureaand will likely lead to pollution
swapping if not combined with integrated N managetyith a correction of the total N
input into the system for the decreased lossediigaemissions. Hence, these measures
are only effective and efficient when the totalfgut into the system is decreased with an
amount equivalent to the amount of NN trapped. This is the main reason why in this
optimal combination ‘most promising measure’ Nemission abatement measures are
combined with balanced N fertilization, as a wayntégrated N management.

Cost-effective packages of measures per MembeesStatve been derived by Amann et
al. (2006). These packages of measures lead torsgstiecrease of the Nlemissions in
EU-27, sufficient to achieve the targets of therhgc Strategy on Air Pollution for NH
emission, at the cost of 1.6 billion euro per y@anann et al., 2006). These packages of
measures will lead to pollution swapping, if notrdmned with integrated N management
(see Oenema and Velthof, 2007). Therefore, thegupelof cost-effective NdHemission
abatement measures as derived by RAINS/GAINS shoelldombined with balanced N
fertilization as defined by Velthof et al., 2007daas further explained in Chapters 4 and 6
of this report.
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6. Description of the scenarios

Scenarios are narratives of alternative future renvinents and/or development paths.
Scenarios are like hypotheses of different futusgecifically designed to highlight the

risks and opportunities involved in specific deyetents. Scenarios are not predictions;
instead, scenarios are an approach to help mahageherent uncertainties by examining
several alternatives of how the future might unfolshd compare the potential

consequences of different future contexts (Sheaffs).

The most promising measures discussed above haem &ssessed though ‘scenario
analyses’. It has been assumed that the most grgmiseasures are implemented in
practice by 2020, and the effects of the implentesriaof the most promising measures
have been analyzed in terms of emission decreagestments and income foregone. This
paragraph explains ‘the translation of the mostpsting measures in scenarios’.

The ND full 2020 scenario was used as referenceasicefor the analyses of the most
promising measures. This scenario has been deddnb®elthof et al. (2007). The ND
full 2020 scenario is based on the “National Pripes” baseline scenario for the revision
of the NEC Directive (as described in Amann et 2006b), but in addition includes a
strict interpretation of balanced N fertilization NVZs. This baseline was chose as
reference at the suggestion of the European Corianiss

6.1. Description of the low-protein animal feeding scenarios

As regards low-protein animal feeding, there is eitgd and theoretical evidence in the
literature that the protein content of the anine#d can be lowered, at least on some
animal farms, but there is no consensus about dgged of lowering. Two lines of
reasoning have been applied in this study to aratv@n estimate of the windows or
opportunity for decreasing the N excretion by lieek in EU-27. The first line of
reasoning is based on the current N excretion $eirelthe RAINS database and the
theoretical/practical limits based on animal phigly as indicated in literature (see
Chapter 3). Taking the mean N excretion valuesapenal type of the RAINS database as
point of departure is based on the fact that RAIBISised as instruments for assessing
current and future gaseous N emissions in EU-2@. Ntexcretion values in the RAINS
database are based on country specific informatiorided by experts and are regularly
updated. As discussed in Chapter 3 of this reploet,gap between the apparent mean N
excretion per animal type of the RAINS database #med current theoretical/practical
limits is rather (surprisingly) small. This sugg#isat the scope of lowering the protein
content of the animal feed in current practiceelatively small, on average about 10%.

The second line of reasoning is based on statigiopirical data from practice. For
example, data presented in Figure 12 indicatesthi@aiN excretion of fattening pigs on
specialized farms in the Netherlands ranged frof tol~15 kg per pig place per year,
and that the P excretion (expressed &3 excretion) ranged from 3 to 6 kg per year in
1999-2000. The scatter suggests that there magrbe srrors involved in the recording
of the data, but the variation also indicates thate is scope for (further) lowering of the
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N and P excretion of fattening pigs on many farmsl® — 30 % (Hubeek and de Hoop
2004).
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Figure 12. Relationship between the mean excretidw and P (in FOs) by fattening pigs
at farm level in 1999-2000, for specialized fattgnipig farms in The Netherlands
(Source FADN database, Hubeek and de Hoop, 2004).

A similar variation between Member States in meagxbetion of cattle, pigs and poultry
has been observed on the basis of data statidtitsecanimal feed imports, domestic
forage and fodder production, and the number ofmals and their energy and protein
requirements derived from the CAPRI database. TAER} database also indicates that
there is a significant variation between Membetedtan mean excretion, suggesting that
there is scope for lowering the protein conterthefanimal feed in at least some countries
by 10 to 20% (Figure 13).

62



Romana —M1
Bulgaria =
Malta ——

,—7
Slovak Republic | ]
Slovenia |
poland F——=—

Lavia ————
Lithuania ———
C—]
Hungar‘y 7:

Estonia ——— -
Czech Republic ==—=—— O protein surplus beyond

United Kingdom ——= energy surplus
O estimated energy surplus

Finland |
Sweden —

Portugal ——
Austria =

Netherland's—
Italy ,‘5

Ireland ——

France ——
Spain 7:':I

Greece 9 :

Germany ,‘E'

Denmark F——

.  —

| Belgium & B : :
-0.2 0 0.2 0.4 0.6

Figure 13. Protein surplus and energy surplus immaad production in European
countries according to the CAPRI database.

As yet, it remains unclear which line of reasonprgvides the most accurate assessment
of the scope for low-protein animal feeding in tB&-27. Therefore, both lines of
reasoning were used for scenario analyses. Theelifies of reasoning was used in the
scenarios assessed by MITERRA-EUROPE (see Velthalf,e2007). Based on the desk
study presented in Chapter 3, it was assumed liealNtexcretion of dairy cattle, other
cattle, pigs and poultry, as presented in the RANBabase can be decreased by on
average 10% through a combination of low-proteimanh feeding, and improved animal
management, improved genetic potential of the hardkless replacement cattle. As a
way of sensitivity analysis, a variant with 20% EwN excretion was included.
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Table 21. Level of implementation (level of perteim in %) of ‘low-protein feeding’ for
dairy cattle, other cattle, pigs and poultry forabacountry included in the analysis for the
years 2000, 2010 and 2020. Note that the year 2@80been used as reference year (zero
level implementation), though it is acknowledgeat tharious farms have implemented
some level of low-protein feeding already (see &s0).

2000 2010 2020
Country Dairy Other Pigs Poultry Dairy Other Pigs Poultry Dairy Other Pigs Poultry
cattle  Cattle cattle  cattle cattle  cattle
AT 0 0 0 0 33 17 33 33 100 50 100 100
BG 0 0 0 0 17 8 17 17 50 25 50 50
BL 0 0 0 0 33 17 33 33 100 50 100 100
CR 0 0 0 0 25 13 25 25 75 38 75 75
cY 0 0 0 0 25 13 25 25 75 38 75 75
Ccz 0 0 0 0 25 13 25 25 75 38 75 75
DE 0 0 0 0 33 17 33 33 100 50 100 100
DK 0 0 0 0 33 17 33 33 100 50 100 100
EE 0 0 0 0 17 8 17 17 50 25 50 50
EL 0 0 0 0 33 17 33 33 100 50 100 100
ES 0 0 0 0 33 17 33 33 100 50 100 100
Fl 0 0 0 0 33 17 33 33 100 50 100 100
FR 0 0 0 0 33 17 33 33 100 50 100 100
HU 0 0 0 0 25 13 25 25 75 38 75 75
IR 0 0 0 0 25 13 25 25 75 38 75 75
IT 0 0 0 0 33 17 33 33 100 50 100 100
LT 0 0 0 0 17 8 17 17 50 25 50 50
LU 0 0 0 0 33 17 33 33 100 50 100 100
LV 0 0 0 0 17 8 17 17 50 25 50 50
MT 0 0 0 0 33 17 33 33 100 50 100 100
NL 0 0 0 0 33 17 33 33 100 50 100 100
PL 0 0 0 0 33 17 33 33 100 50 100 100
PT 0 0 0 0 33 17 33 33 100 50 100 100
RO 0 0 0 0 17 8 17 17 50 25 50 50
SE 0 0 0 0 33 17 33 33 100 50 100 100
Sl 0 0 0 0 25 13 25 25 75 38 75 75
SK 0 0 0 0 25 13 25 25 75 38 75 75
TK 0 0 0 0 8 4 8 8 25 13 25 25
UK 0 0 0 0 33 17 33 33 100 50 100 100

As regards implementation of the low-protein aninfakding, two variants were
considered, i.e., (i) on IPPC farms only, and @ ‘all' farms in EU-27, but the
percentage implementation was different for difféerMember States (Table 21). These
percentages were based on the general idea th@atlédge’ level of farmers is higher in
the EU-15 than in the new Member States.

The second line of reasoning was used in the siosnassessed by CAPRI. Here, the
percentage decrease in N excretion was assess€dBRI, on the basis of the protein
excess in the animal feed per Member States. Hexeatry-specific and animal-type-
specific assessments were made of the perspedétivdswering N excretion. However,
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because inaccurate recordings of feed quantititiserofficial data statistics might distort
the nutrient balancing in CAPRI, safeguards havenb@troduced to prevent an
exaggerated assessment of the avoidable protegs&xc

* In case that both an energy surplus and a protepius is estimated it is assumed
that the energy surplus is either indicative of eyahwaste in feed use of the
agricultural systems concerned (affecting both gyeand protein), which is
difficult to tackle or it is indicative of statistl problems. The ‘avoidable’ protein
surplus has to be reduced in this case.

* A full removal of the observed protein surplus wbumply that all farms in a
country operate on the technology frontier of me#ficient feeding practice,
including, for example in the pig sector, multiphateeding with fine tuned
supplements of all amino acids in insufficient dypfrom the core feed
ingredients. This is only achievable in experimergsuations and evidently
unrealistic for the vast majority of all farms.

It is proposed that low protein feeding be promatetugh a combination of advisory
services and financial incentives from agri-envinemtal measures. A 100% penetration
will be difficult to achieve in this way. Table Zbove assumed that the knowledge level
would develop sufficiently to achieve this in EU &&untries but that in other countries
penetration would be smaller. The energy surpluss ba Figure 4.2 support the
assessment that surplus feeding may still be sogmif in current agriculture of the New
Member States. If surplus feeding is significamréhis also a large potential to avoid this
through simple measures which can be implementesllyegauch as a reasonable
assessment of the farmers own fodder. Hence, pgiogtrates in New Member States
may be just as high as in EU15 countries. Prevalafianefficiency also applies to non
dairy cattle production such that applicabilitylofv protein feeding may again be higher
than indicated in Table 21 above if inefficiencyyniee reduced. For this analysis we have
to acknowledge that future penetration rates aite guncertain. In the CAPRI simulations
we have assumed a typical penetration rate of &B%lf countries and activities in EU15
and a 70% penetration rate in other EU countrieisiwis about the average in 2020 from
Table 4.1, but gives a larger weight to the nitrogaving ‘potential’ as opposed to the
current ‘knowledge’ aspect.

These considerations are built into the Table 21b.
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Table 21b. Achievable decrease in protein supplgnimal feeding, as a function of the
initial protein surplus and the calculated energyus for the 10% reduction scenario in
EU15 countries

initial protein surplus — 0.0% 10.0% 20.0% 30.0% 50.0%
initial energy surplus |

0.0% 0.0% 4.2% 8.5% 12.7% 21.2%

5.0% 0.0% 4.0% 8.0% 12.0% 20.0%

20.0% 0.0% 3.4% 6.8% 10.3% 17.1%

30.0% 0.0% 3.1% 6.2% 9.4% 15.6%

50.0% 0.0% 2.7% 5.3% 8.0% 13.3%

Table 21b is applied to all EU 15 countries andrehiactivities such that the differences
in the initial estimate of the protein surplus det@e the percentage decrease applied. For
the typical case (see Figure 13) of a protein ssrpf 20% combined with an estimated
energy surplus of 5% we obtain a decrease of 8%hnilsidownscaled from the full 10%
decrease due to the assumed 80% penetration ratarésponding table has been applied
in the New Member States, tailored to a somewhagitdypical penetration rate of 70%.
For the more ambitious 20% decrease scenario dasitable has been used giving an
effective decrease of about 15% for the typicalecas EU15 (protein surplus = 20%,
energy surplus = 5%). This acknowledges that patietr is likely to be a bit smaller if
the measure is more ambitious (typical cases: TEAIL5, 62% in New MS).

6.2. Description of the economic cost analyses
The implementation of low-protein animal feedingyncause different types of cost:
» Additional feed cost for optimized low protein cooymd feeds apply mainly on
highly efficient farms.
» Additional costs for handling facilities related $everal types of feed on a farm
may apply if multi phase feeding is introduced.
» Additional time input of the farmer for improvedapining of feed use will often be
the main cost in New Member States and the ‘oth#lec sector

In particular the time input is difficult to assdssth in terms of hours as well as in terms
of an appropriate wage rate (opportunity cost). ther CAPRI simulations we had to

apply a workable hypothesis covering all countaesl animal activities. The first idea

underlying this hypothesis is that the costs aoeemsing if the relative decrease of the
protein surplus increases. This relative decreassimply the ratio of the decrease in
protein supply from Table 21b to the initial protesurplus. It is assumed that additional
costs go to infinity as the relative decrease aggies one (because perfect efficiency is
unattainable) and that they are zero for a zeuatdivel decrease. Furthermore the additional
cost is expressed as a mark up of initial feed tmsnhcorporate differences between
animal types and countries. The free parametehenapproximating formula has been
chosen to give about 1.84 € per fattened pig o€ p@r dairy cow in terms of additional
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feed cost under typical circumstancesThese costs are somewhat lower than in the
December simulations in RAINS (about 3.3 € Euro fa¢tened pig, 55 € dairy cow) in
view of the ongoing downward revision in RAINS. $hs supported by information from
German DVT representatives (FEFAC member) and fidurtch feed experts suggesting
that the cost in RAINS may be somewhat exaggefareclirrent technologies and prices.
For the strong reduction scenario the effective @uhes close to 80% of the initial
surplus which would bring farmers closer to thehtesogical frontier (BAT). The
additional costs would strongly increase therefamd amount to 9 € per fattened pig or
140 € per cow in the typical case in EU15. Evenugiothis strong decrease is unlikely to
be implemented in full it is nonetheless of intérfes a sensitivity analysis. Figure 14
shows the implied cost curve in terms of relatikargges.
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Figure 14. Relationship of relative increase indemst to relative reduction in protein
supply to animals underlying the CAPRI simulations

! The formula is: ¢ * relative cut / (1-relativettwhere ¢ = 0.05. For a relative cut of 42% ath&

first line of Table 4.2, we obtain a percentageease of feed cost of 3.7% or 1.84 € if feed 80 €
(typical for fattening of pigs) or 29 € if feed ¢as 800 € (case of dairy cows).
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6.3. Description of the balanced fertilization scenario

The scope for improving N use efficiency in cromgction and lowering N input in
agriculture through balanced N fertilization waglexed on the basis of the degree of
balanced fertilization in the various Member Statesording to the results of MITERRA-
EUROPE calculations. Currently, there is no congems literature about the definition of
‘balanced fertilization’. In MITERRA-EUROPE, balagxt fertilization was defined in its
most ‘straight’ form:

2 (input of available N from all sources) * EFX(N output via harvested crop + crop residues).

The factor EF is the crop specific efficiency factiat takes into account that crops are
not able to take up all available N (see Chapt®). & he factor EF ranges between 1.00
and 1.25. The procedure for assessing balancelizédibn has been described in detail in
Chapter 4 and in Velthof et al., 2007). The onfjedence is that balanced fertilization in
the scenario ND full 2020 is applied to NVZs onihile it is considered applicable to all
agricultural land in the current scenario (Balf2@20). The assessment of balanced N
fertilization was made by both MITERRA-EUROPE andRRI. Because MITERRA-
EUROPE and CAPRI use slightly different approached definitions for balanced N
fertilization, the results of both models may bersas sensitivity analyses too.

In the CAPRI model, balanced fertilization impliegsically an 80% decrease of the initial
‘overfertilisation’ (available N input / N output}aking into account that balanced
fertilisation is already part of action programs I®/Z. This is a somewhat simplified and
moderated version compared to the MITERRA-EUROREutaions. However balanced
fertilisation would require more careful establigmts of fertiliser plans, more frequent
soil analyses, perhaps split applications of fegil and more demanding crop
management in general to bring about the increasdficiency implied by a reduction in
fertiliser input while maintaining output. Conceally we should assess and value these
additional management efforts which are not feadiadwever. Instead, we assumed a flat
rate cost of 25 € per ha for a full eliminationayerfertilisation (20 € for an 80% cut)
which was meant to cover these management effDifferent wage cost may have
suggested to use higher costs in EU15 countriesveMer, the ‘knowledge argument’
from above could motivate that the required effovtaild be higher in the New Member
States. In view of transparency and lack of quatni information we opted for the
uniform flat rate assumption.

6.4. Description of the optimal combination scenario

The combination of balanced fertilization with & sé low-emission manure techniques
for animal manure storage and application is cansid to be the most optimal and far
reaching scenario. The concept of balanced N ifeatibn applied here is similar to that
described in Chapter 4 and applied in Chapter B@lowing consultation with the
Commission, the National Projections baseline sten@r the revision of the NEC
Directive, but optimized to achieve the targets of the Them@atrategy in 2020

68



(RAINS optimized 2020 scenario) was chosen as feasiét of low-emission manure
storage and application techniques. Hence, théimab combination scenario’ is a
combination of RAINS optimized 2020 and Balfert 202nd is the most far-reaching
scenario.

The cost data for the optimised 2020 scenariorara RAINS except for the case of low
nitrogen feeding and balanced fertilisation whehne tabove assumptions have been
applied in CAPRI.

An overview of the scenarios analyzed in Task@é&sented in Table 23.

Table 23. Overview of the scenarios analyzed irk Bagf the Ammonia Service Contract

Scenarios Description

1. ND full 2020 National Projections baseline scenario for the siew of the NEC

(Reference scenario) Directive, 2020, plus full (strict) implementation of the N leaching
abatement measures in extended areas of Nitrate Vulnerable Zones
(Annex 1).

2. LNF 10%, all farms, 2020 ND full 2020 (see above) plus low-protein animal feeding that leads to a

10% decrease in N excretion, applied to all farms.

3. LNF 10%, IPPC farms, 2020 ~ ND full 2020 (see above) plus low-protein animal feeding that leads to a
10% decrease in N excretion, applied to IPPC farms only

4. LNF 20%, all farms, 2020 ND full 2020 (see above) plus low-protein animal feeding that leads to a
20% decrease in N excretion, applied to all farms

5. LNF 20%, IPPC farms, 2020 ~ ND full 2020 (see above) plus low-protein animal feeding that leads to a
20% decrease in N excretion, applied to IPPC farms only

6. Balfert 2020 ND full 2020 (see above) plus strict implementation of balanced N
fertilization on all farms, irrespective of NVZs

7. Optimal Combination, 2020 Rains optimized 2020 (see Table 2.6) plus Balfert 2020
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7. Results of the scenario analyses by MITERRA-EURRE.

This chapter presents the results of the scenaatyses by the modeling tool MITERRA-
EUROPE (see Velthof et al., 2007). A total of 6rem@s and the reference scenario (ND
full 2020) have been analysed (Table 23). Low-pnoé@imal feeding has effect on the N
excretion and thereby on the amount of N in animahure. Balanced N fertilization
(Balfert 2020) may have effect on the N fertilizese and on the amount of manure N
applied to agricultural land.

Table 24 shows the mean changes in the N inpudgiiculture of the EU-27. The LNF
10%, 2020 scenario decreases the amount of N mahmhanure applied to land at EU-27
level by 6%, when applied on all farms, and by 1%ew applied on IPPC farms only.
Doubling the target for low-protein animal feedithy 20% decreases the amount of
manure N by 13% and 3%, when applied on all farnts IRPC farms only, respectively.
Balfert 2020 scenario and the Optimal CombinatiO@®@scenario have a large effect on
the amount of manure N, especially in countriehiwid or a small area of NVZ in 2020.
Fertilizer N input is not significantly affected hige LNF 10% and LNF 20% scenarios,
but is greatly affected by the Balfert 2020 and @imal Combination 2020 scenarios.
Again, the decreases are largest in countrieswatbr a small area of NVZ in 2020.

Table 24. Main N flows in agriculture in EU-27 i®20 according to the ND full 2020
scenario, and the calculated potential changestietato the ND full 2020 scenario for
the LNF 10% on all farms scenario, the LNF 10% BRC farms scenario, the LNF 20%
on all farms scenario, the LNF 20% on IPPC farmersrio, the Balfert 2020 scenario
and the optimal combination scenario.

N source ND full LNF 10% LNF10% LNF20% LNF20% Balfert Optimal
2020 all IPPC all IPPC 2020  combination
kton N % change compared to ND full 2020

Total N excretion 9887 -6 -1 -13 -3 0 -8
Applied N fertilizer 9212 1 0 3 0 -9 -7
Applied manure N 4341 -7 1 -13 -3 -6 -13

N excreted during grazing 3271 -4 0 -8 -1 0 -6

N deposition 1896 -2 0 -5 -1 0 -7
Biological fixation 823 0 0 0 0 0 0

As discussed also in Velthof et al. (2007), stinterpretation of balanced fertilization has
a large influence on the N input via N fertilizendaanimal manure N (Table 24). The
decreases in animal manure N in the Balfert 202Mawo do not pertain to the manure
from grazing animals (N excretion by grazing ansndbes not decrease in the Balfert
scenario). In practice, decreasing the N inpuffertilizer N and applied animal manure N
to grazed grasslands, as in the Balfert 2020 swenaill likely decrease the protein
content of the herbage. However, such a feedbactotsyet included in MITERRA-
EUROPE.

The decrease in applied N via animal manure irBdéert 2020 scenario (Table 24)
implicitly assumes that some manure N has to hgoded elsewhere. As discussed also in



Chapter 2, the decrease in animal manure N bralyhit by balanced fertilization will
require a combination of low-protein animal feedargl manure treatment. This suggest
that full implementation of ‘balanced N fertilizati’, as defined here, will need at the
same time implementation of ‘low-protein animaldaw’ to be able to decrease the N
excretion by the animals to the level that the marNican be ‘absorbed'.

Because of the changes in the amounts of excretattiNn the applications of manure N
and fertilizer N to agricultural land, leaching $es decrease significantly (Table 25).
Total decreases in leaching are largest in then@htCombination 2020 scenario. Note
that the LNF scenarios have a relative large imitgeon the leaching losses from manure
storage.

Table 25. Total N leaching losses from agriculttorgroundwater and surface waters in
EU-27 according to the ND full 2020 scenario, ahd talculated potential changes
relative to the ND full 2020 scenario for the LNG%4 on all farms scenario, the LNF
10% on IPPC farms scenario, the LNF 20% on all fasuoenario, the LNF 20% on IPPC

farms scenario, the Balfert 2020 scenario and thiéneal combination scenario.
Leaching pathway ND full LNF 10% LNF 10% LNF20% LNF20% Balfert Optimal
2020 all IPPC all IPPC 2020  combination

kton N % change compared to ND full 2020

Manure storage 160 -7 -2 -15 -4 0 8
Surface runoff 657 -2 0 -4 -1 -6 -8
Small surface water and groundwater 1025 -4 -1 -8 -2 -15 -19
Large surface water 66 -5 -1 -9 -2 -14 -18
Total 1908 -4 -1 7 -2 -11 -14
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The decrease in N input via animal manure andifeatiin the LNF, Balfert and Optimal
Combination 2020 scenarios have a strong effetheremissions of Nl N,O, NOx and
CH, to the atmosphere and the leaching of N to groaelmand surface waters. Figure 15
provides an overview of the changes in the emissminNH;, N;O and NQ and the
leaching of N in these scenarios. Decreases ara@lgdarge for NH and NO emissions
and the leaching of N. Decreases in emissions eaching are large for the scenarios
LNF 20% on all farms 2020, Balfert 2020, and OptiBambination 2020. Effects of the
scenarios LNF 10% and LNF 20% applied to IPPC fanmg&020 only are relatively
small.

3000 - N emission, kton per year W total NH3 emission
Ototal leaching

W total N20O emission

Ototal NOx emission
2500 -

2000 ~

1500 -

1000 -

500 -

ND full 2020 LNF 10% all LNF LNF LNF Balfert 2020 Optimal
10% IPPC 20% all 20% IPPC combination

Figure 15.Gaseous N losses and N leaching losses from agiieuih the ND full 2020
reference scenario and the LNF, Balfert 2020 andir®g combination 2020 scenarios.

The ND full 2020 scenario was chosen as the refereoenario. Emissions of Nlh the
ND full 2020 scenario are 14% lower compared tordierence year 2000 (Velthof et al.,
2007). The estimated total NK¢mission from agriculture in this scenario are 288n
per year in the EU-27 (Table 26), which is roughBOO kton NH per year above the
calculated emission level in the EU-27 (see Amaal e2006b) to achieve the targets of
the Thematic Strategy on Air Pollution for NH
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Table 26. Ammonia emission in 2000 for EU-27 imKiH;, according to the ND full
2020 scenario, and the calculated changes relativehe ND full 2020 scenario for the
LNF 10% on all farms scenario, the LNF 10% on IPR@ns scenario, the LNF 20% on
all farms scenario, the LNF 20% on IPPC farms scendhe Balfert 2020 scenario and
the optimal combination scenario.

Country ND full 2020 LNF 10% all LNF 10% LNF20% LNF 20% Balfert Optimal
IPPC all IPPC 2020 combination
kton NH3 % change compared to ND full 2020
EU-27 2989 -6 -1 -11 -2 -4 -19
Austria 51 -8 0 -15 0 0 -29
Belgium 65 -6 -1 -13 -1 0 -11
Bulgaria 33 -3 0 -5 0 0 -6
Cyprus 5 -6 -3 -11 -5 -25 -39
Czech. Rep 70 -4 -3 -9 -7 -1 -12
Denmark 68 -4 1 -12 0 0 -29
Estonia 9 -4 -3 -8 -6 0 -17
Finland 21 -7 0 -14 -1 0 -14
France 507 -6 -1 -10 -1 -6 -26
Germany 390 -6 -1 -13 -2 0 -11
Greece 38 -4 -1 -7 -2 -11 -26
Hungary 73 -5 -3 -10 -6 -4 -28
Ireland 83 -4 0 -8 -1 0 -19
Italy 341 -5 -1 -11 -3 -5 -18
Latvia 13 -4 -1 -7 -2 0 -29
Lithuania 31 -3 -1 -6 -2 0 -22
Luxembourg 3 -6 0 -12 0 0 -28
Malta 2 -5 0 -10 0 -30 -34
Netherlands 114 -7 -1 -14 -2 0 -11
Poland 281 -6 -1 -13 -2 -8 -21
Portugal 48 -6 -2 -13 -3 -14 -34
Romania 129 -3 0 -6 0 0 -7
Slovakia 27 -5 -3 -11 -6 0 -14
Slovenia 18 -5 0 -10 -1 0 -36
Spain 299 -6 -1 -11 -2 -9 -26
Sweden 41 -8 -1 -15 -2 -2 -11
United Kingdom 228 -6 -2 -12 -4 -1 -15

The LNF 10% 2020 scenario decreases the emissibiHe at EU-27 level by 6%
relative to the ND full 2020 reference scenarioewhapplied on all farms, and by 1%
when applied on IPPC farms only. Doubling the taifge low-protein animal feeding to
20% decreases the emissions ofsNiy 11% and 2%, when applied on all farms and IPPC
farms only, respectively (Table 26). Clearly, thejpcted 10% decrease in the emissions
of NHz in the LNF 20% 2020 on all farms, relative to thB full 2020 scenario, greatly
contributes to achieving the target of the Them&tiategy on Air Pollution. However,
differences between Member States are large.

The Balfert 2020 scenario decreases totak Mhiissions by 4% relative to the ND full
2020 reference scenario (Table 26). The Optimal I@oation 2020 scenario has a much
larger effect on the emissions of Bl able 26) especially in countries with no or aam
area of NVZ in 2020; it decreases the Jdirhissions by 19%.
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Table 27. Leaching losses of N in 2000 for EU-2kton N, according to the ND full
2020 scenario, and the calculated potential changéstive to the ND full 2020 scenario
for the LNF 10% on all farms scenario, the LNF 10%I1PPC farms scenario, the LNF
20% on all farms scenario, the LNF 20% on IPPC faratenario, the Balfert 2020
scenario and the optimal combination scenario.

Country ND full 2020 LNF 10% all LNF 10% LNF 20%  LNF 20% Balfert Optimal
IPPC all IPPC 2020 combination
kton N % change compared to ND full 2020

EU-27 1908 -4 -1 -7 -2 -11 -14
Austria 14 6 0 -12 0 0 -7
Belgium 41 4 0 -9 -1 0 -5
Bulgaria 40 2 0 -4 0 -2 -6
Cyprus 4 4 -2 -7 -4 37 -40
Czech. Rep 77 3 -3 -7 -6 -3 -7
Denmark 41 3 0 -11 -1 0 -2
Estonia 5 5 -4 -11 -9 0 -10
Finland 5 2 0 -3 0 0 -1
France 372 3 0 -6 -1 -16 -19
Germany 215 2 0 -4 -1 0 -3
Greece 23 2 0 -4 -1 -13 -14
Hungary 78 3 -2 -5 -3 -16 -18
Ireland 34 7 0 -15 -1 0 -13
Italy 159 4 -1 -7 -2 -13 -16
Latvia 10 3 -1 -7 -2 -1 -7
Lithuania 22 3 -1 -6 -2 0 -5
Luxembourg 3 3 0 -5 0 0 -2
Malta 1 4 0 -8 0 -46 -48
Netherlands 69 5 -1 -10 -2 0 -5
Poland 222 5 -1 -9 -1 -24 -27
Portugal 24 6 -2 -11 -3 -27 -29
Romania 74 4 0 -7 0 -1 -9
Slovakia 13 5 -4 -11 -7 0 -7
Slovenia 5 2 0 -5 0 0 1
Spain 168 4 -1 -9 -2 -21 -23
Sweden 9 5 -1 -9 -1 -8 -13
United Kingdom 181 4 -1 -7 -2 -6 -10

The N leaching losses (Table 27) decrease in all@®os examined in this task. The LNF
10% 2020 scenario decreases N leaching losses-27H&lel by 4% relative to the ND
full 2020 reference scenario, when applied onaalnfs, and by less than 1% when applied
on IPPC farms only. Doubling the target for low4gio animal feeding to 20% decreases
the N leaching losses by 7% and 2%, when appliedliofarms and IPPC farms only,
respectively. The Balfert 2020 scenario and thar@gtCombination 2020 scenario have
large effects on the N leaching losses, espediallyountries with no or a small area of
NVZ in 2020. Balfert 2020 decreases the N leacHosgses by 11% and the Optimal
Combination 2020 scenarios by 14% relative to #dference scenario ND full 2020.
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The NO emissions (Table 28) decrease also in all sgehatamined in this task. The
LNF 10% 2020 scenario decreases the emissions@fail EU-27 level by 4% relative to
the ND full 2020 reference scenario, when appliedalb farms, and by 1% when applied
on IPPC farms only. Doubling the target for low4eino animal feeding to 20% decreases
the emissions of YO by 7% and 2%, when applied on all farms and IR&€Gs only,
respectively. The Balfert 2020 scenario decreasesemissions of YD by 4% and the
Optimal Combination 2020 scenarios by 3% relativdhte reference scenario ND full
2020. Differences between Member States are large.

Table 28. Nitrous oxide emissions in 2000 for EUfR2Kton NO-N, according to the ND
full 2020 scenario, and the calculated potentiahiopes relative to the ND full 2020
scenario for the LNF 10% on all farms scenario, kN 10% on IPPC farms scenario,
the LNF 20% on all farms scenario, the LNF 20% BRC farms scenatrio, the Balfert
2020 scenario and the optimal combination scenario.

Country ND full 2020 LNF 10% all LNF 10% LNF20% LNF 20% Balfert Optimal
IPPC all IPPC 2020 combination
kton N % change compared to ND full 2020

EU-27 354 -4 -1 -7 -2 -4 -3
Austria 4 -5 0 -10 0 0 10
Belgium 7 -4 -1 -8 -1 0 -1
Bulgaria 5 -2 0 -3 0 0 -4
Cyprus 1 -4 -3 -8 -5 -24 -22
Czech. Rep 9 -3 -3 -7 -6 -1 -2
Denmark 8 -3 0 -8 -1 0 5
Estonia 1 -3 -3 -6 -5 0 -1
Finland 3 -3 0 -5 -1 0 3
France 62 -4 0 -7 -1 -6 0
Germany 43 -3 -1 -6 -1 0 -2
Greece 7 -1 0 -3 -1 -7 -4
Hungary 11 -3 -2 -7 -4 -8 0
Ireland 12 -3 0 -6 -1 0 -2
Italy 31 -4 -1 -8 -3 -5 -5
Latvia 1 -3 -1 -5 -1 0 11
Lithuania 3 -2 -1 -4 -2 0 6
Luxembourg 0 -3 0 -6 0 0 8
Malta 0 -4 0 -9 0 -35 -39
Netherlands 15 -5 -2 -11 -4 0 -3
Poland 30 -5 -1 -10 -2 -12 -12
Portugal 5 -5 -1 -10 -3 -12 -2
Romania 15 -2 0 -5 0 0 -5
Slovakia 3 -4 -3 -7 -5 0 -2
Slovenia 1 -3 0 -6 0 0 14
Spain 34 -4 -1 -8 -2 -10 -4
Sweden 5 -4 -1 -8 -2 -5 -8
United Kingdom 36 -4 -1 -7 -3 -2 -3

76



The CH, emissions from agriculture (not shown) were oflilyhgly (changes < 1%)

affected in scenarios examined in this task. Thenesponse is related to the facts that the
number of (ruminant) animals do not change in tN€ 12020, Balfert 2020and Optimal
Combination 2020 scenarios, relative the referagemario ND full 2020, and that
MITERRA-EUROPE does not account for possible efaftlow-protein animal feeding

on CH, emissions.

Summarizingthe results of the scenarios analysed in thiptemalearly indicate that both
low-protein animal feeding and balanced N fertiiga and an optimal combination of
NH3; emission abatement techniques with balanced NiZation have synergistic effects
and decrease the emissions gf NHz, N,O and NQ to the atmosphere and of N leaching
to groundwater and surface waters simultaneoustnce, no pollution swapping occurs.
Further, balanced N fertilization has larger effecdn N losses via leaching and
denitrification than on N losses via the emissiohdNHsz, N,O and NQ. Low-protein
animal feeding has a rather steady and constaatttedh all N loss pathways. It decreases
the amount of N in animal manure (Table 24).

Implementation of balanced N fertilization as detinn this study decreases N fertilizer
use (Table 24), and in some areas also the amotirapplied manure N. As indicated

before, it is assumed that the decrease of appt@dure N is ‘treated and taken out of
agriculture’ or ‘not produced to low-protein aninfaéding’. Evidently, these assumptions
have large implications for agriculture. In genglalering the amount of manure N via

low-protein animal feeding has lower costs thaattreent and disposal of the manure N to
elsewhere. However, lowering the protein-conterthefanimal feed requires investments
in knowledge and feed technology.
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8. Results of the scenario analyses by CAPRI

The scenarios indicated in Table 23 have also bakmulated with CAPRI except for the
scenario ‘LNF 20% applied to IPPC farms only’. oenario ‘LNF 20% applied to IPPC
farms only’ is considered to be somewhat “optinsisfunrealistic) on a relatively short
term, because it may be expected that IPPC farenalegady quite efficient in the current
situation (near the technical limit).

The CAPRI results provide an integrated assessmemiconomic and environmental

impacts. Both, the economic and environmental irtgoata scenario are presented in one

table. The impacts will be given for:

* Agricultural income;

* Gaseous emissions (NHN,O, CH,) to the atmosphere and leaching of N to
groundwater and surface waters; and

» Other affected variables of interest (mineral fiser, selected activity levels).

We begin with a brief discussion of the impactshaf full implementation of the Nitrates
Directive (ND) in 2020 compared to a hypothetic#uaion in 2020 with partial
implementation of the ND and delineation of NVZscasrently (Table 29). This scenario
is mainly reported to explain the mode of implera¢inh of the ND in the CAPRI model
and to identify impacts of the implementation o thD in isolation.

The CAPRI simulation gives impacts where the curierplementation of the ND is
incomplete. This is considered to be not more t®a% of the full potential currently,
depending on the country. Furthermore there will itmpacts where the NVZs are
extended in geographical terms. Impacts are visibke decrease in the mineral fertilizer
use and in an increase of ‘other’ costs. Savingsnineral fertilizer purchases may
compensate somewhat for the additional managenfient ehich is indicated in column
'net direct costs’, giving the difference of adiial managerial effort (simplified
assumption from Section 6.3: 25 € / ha for a 106%lementation in year 2000 prices)
and the savings in mineral fertilizer purchasesB#&igium and in the Netherlands the
savings are estimated to exceed the additional geauad effort based on our (simplified)
assumptions. The impact on agricultural incoméesriet effect of these changes, slightly
modified by any other changes in activity levelsimput demand. Such changes are
limited to the crop sector in this case of the NiID 2020 scenario and they mainly affect
pulses (-1% for EU27) and (less) soy beans. Thitirdemay be explained in two ways.
The balanced fertilization (which is the main effet the ND in CAPRI) increases the
efficiency of fertilizer use and thus the relatipeofitability of N consuming crops
compared to pulses (and soy beans). Alternatitieéyscenario may be viewed as a forced
reduction in N application which again operatesiragjgpulses. Excretion is not affected
by this scenario such that the environmental ingpace also due to the changed use of
mineral fertilizers.



The regional variation of impacts in this scenaimainly caused by three factors:

1) Impacts tend to be the larger the larger is theeshaf the area covered by NVZ. This
explains for example stronger impacts in Slovesiapposed to the Czech Republic
(both with sizable overfertilisation) or in Lithuancompared to Poland (both with
moderate overfertilisation).

2) Comparing the Netherlands with Denmark or Germatlywith 100% NVZ) shows
the effect of a higher initial overfertilisation.

3) Comparing Germany and Austria the share of N fromenal fertiliser is much higher
in the former country such that a smaller reducti®rsufficient to meet balanced
fertilisation targets. This effect also explainstguarge impacts of the implementation
of the ND in Slovenia.

In the following discussion we will focus on thepacts relative to the ND full 2020
scenario and give results in terms of absolute gbsuand percentage changes as both can
be interesting depending on the question.

The implementation dbalanced fertilization in the whole area would have effects where
the area was not covered by NVZs before. As a cuesee this is manly a regional
extension of the ND full 2020 scenario to additiomaeas, at least in the CAPRI
simulations where locally and temporarily relevaequirements of the ND (for sloping
soils, winter months) are simply ignored.

Overall the CAPRI simulation gives a 9% decreaseEW27 mineral fertilizer use
compared to the ND full reference situation. Impamt mineral fertiliser use tend to be
larger (i) the smaller the initial NVZ share, (ifje larger the initial overfertilisation, and
(i) the smaller the share of mineral fertilisartotal N supply.

In terms of regional variation we have to admit tie@ data situation in Cyprus and Malta
is quite difficult and that the percentage declimés86% and 51% in Table 30 are
overstated. CAPRI does include some safeguardseiriarm of minimum requirements

from mineral fertilizer but these safeguards turnatto have loopholes for the particular
situation of these countries.

Agricultural income is expected to decline by abbd% or 3.1 billion €. Acknowledging

the uncertainties in these simulations this givesaf Euro of income loss about 50 g less
leaching, 20 g less Ndemissions and 6 g less® emissions.
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Table 29. Simulation results of CAPRI for the scen®D full 2020 versus the scenario
ND partial 2020.

Absolute change ND full 2020 vs. ND partial 2020

agric ‘other’ ‘net' dir mineral total NH3 total CH4 total N2O
income costs cost fertiliser excretion loss emisions emisions leaching
[m €] [m €] [m€] [ktonN] [kton N] [kton N]  [kton N]  [kton N]  [kton N]
EU27 -1691 2563 1727 -951 2 -26 2 -20 -223
Austria -79 94 81 -17 0 1 0 0 -2
Belgium 14 28 -12 -36 0 0 0 -1 -15
Bulgaria 0 0 0 0 0 0 0 0 0
Cyprus 0 0 0 0 0 0 0 0 0
Czech. Rep -58 73 58 -29 0 -1 0 -1 -10
Denmark -66 78 65 -14 0 0 0 0 -7
Estonia -2 2 2 0 0 0 0 0 0
Finland -39 74 39 -33 0 0 0 -1 -2
France -264 388 260 -124 0 -3 0 -2 -25
Germany -415 512 414 -114 0 -3 0 -2 -28
Greece -30 36 31 -6 0 0 0 0 -1
Hungary -94 114 94 -28 0 -1 0 -1 -6
Ireland -101 146 105 -49 1 -1 1 -1 -10
Italy -118 147 111 -45 0 -2 0 -1 -8
Latvia -6 7 6 -1 0 0 0 0 0
Lithuania -78 100 78 -26 0 -1 0 -1 -9
Malta 0 0 0 0 0 0 0 0 0
Netherlands 6 60 2 -63 0 -2 0 -1 -24
Poland -9 12 10 -3 0 0 0 0 -1
Portugal -14 16 13 -3 0 0 0 0 0
Romania -1 0 0 0 0 0 0 0 0
Slovakia -20 23 20 -5 0 0 0 0 -2
Slovenia -13 21 13 -11 0 0 0 0 -2
Spain -118 181 122 -81 0 -5 0 -2 -12
Sweden -21 38 21 -14 0 0 0 0 -1
United Kingdom -168 413 196 -249 1 -5 1 -6 -60

Percentage change ND full 2020 vs. ND partial 2020

agric ‘other’ ‘net' dir  mineral total NH3 total CH4 total N20
income costs cost fertiliser excretion loss emisions emisions leaching
[%0] [%] [%] [%0] [%] [%] [%0] [%] [%]
EU27 -1 8 4 -8 0 -1 0 -3 -18
Austria -3 11 8 -16 0 1 0 -2 -25
Belgium 0 7 -2 -22 0 -1 0 -4 -23
Bulgaria 0 0 0 0 0 0 0 0 0
Cyprus 0 0 0 0 0 0 0 0 0
Czech. Rep -3 16 8 -8 0 -3 0 -4 -24
Denmark -2 8 6 -7 0 0 0 -2 -15
Estonia -1 7 4 0 0 0 0 0 -1
Finland -3 9 4 -24 0 -1 0 -11 -46
France -1 7 3 -5 0 -1 0 -2 -13
Germany -2 10 5 -6 0 -1 0 -2 -19
Greece 0 17 7 -3 0 -1 0 -1 -7
Hungary -2 14 7 -6 0 -1 0 -2 -19
Ireland -4 29 12 -16 0 -1 0 -4 -26
Italy 0 5 3 -6 0 -1 0 -1 -10
Latvia -2 11 5 -2 0 0 0 -1 -5
Lithuania -11 114 28 -19 0 -6 0 -6 -45
Malta 0 0 0 0 0 0 0 0 0
Netherlands 0 2 0 -26 0 -2 0 -5 -26
Poland 0 4 1 0 0 0 0 0 -1
Portugal 0 1 1 -3 0 0 0 -1 -4
Romania 0 0 0 0 0 0 0 0 0
Slovakia -3 8 5 -4 0 -1 0 -2 -16
Slovenia -2 43 15 -36 0 -1 0 -9 -45
Spain 0 13 5 -9 0 -2 0 -2 -11
Sweden -1 4 2 -8 0 0 0 -2 -24
United Kingdom -2 11 4 -24 0 -2 0 -7 -33
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Table 30: Simulation results of CAPRI for the secemdalanced fertilization (Balfert
2020) vs. ND full 2020

Absolute change Balfert vs. ND full 2020

agric ‘other’ 'net' dir mineral total NH3 total CH4 total N2O
income costs cost fertiliser excretion loss emisions emisions leaching
[m €] [m €] [m€] [kton N] [kton N] [kton N]  [kton N]  [kton N]  [kton N]
EU27 -3058 3877 3103 -888 -1 -53 -1 -19 -157
Austria 0 0 -1 0 0 0 0 0 0
Belgium 12 22 -11 -25 0 -1 0 -1 -7
Bulgaria -136 198 140 -40 0 -2 0 -1 -9
Cyprus 2 5 -6 -7 -1 0 0 0 -1
Czech. Rep -95 118 97 -41 0 -2 0 -1 -11
Denmark 2 0 -1 0 0 0 0 0 0
Estonia -26 27 26 -1 0 0 0 0 0
Finland 0 0 0 0 0 0 0 0 0
France -358 500 366 -127 0 -6 0 -3 -28
Germany 2 0 -4 0 0 0 0 0 0
Greece -180 199 182 -22 0 -1 0 0 -2
Hungary -110 139 114 -36 0 -1 0 -1 -6
Ireland -4 2 4 -1 0 0 0 0 0
Italy -359 436 356 -95 0 -9 0 -2 -16
Latvia -42 47 43 -5 0 0 0 0 -1
Lithuania 2 0 0 0 0 0 0 0 0
Malta 0 0 0 0 0 0 0 0 0
Netherlands -2 0 -1 0 0 0 0 0 0
Poland -506 605 526 -142 0 -10 0 -3 -25
Portugal -115 140 116 -25 0 -1 0 -1 -3
Romania -529 576 527 -47 0 -3 0 -1 -10
Slovakia -31 37 33 -6 0 0 0 0 -1
Slovenia 0 0 0 0 0 0 0 0 0
Spain -482 660 491 -209 -1 -16 0 -4 -27
Sweden -37 53 37 -13 0 0 0 0 -1
United Kingdom -67 113 67 -46 0 -1 0 -1 -8

Percentage change Balfert vs. ND full 2020

agric ‘other' 'net' dir mineral total NH3 total CH4 total N20
income costs cost fertiliser excretion loss emisions emisions leaching
[%] [%0] [%] [%] [%] [%] [%] [%] [%]
EU27 -15 11.2 2.6 -8.6 0.0 -1.8 0.0 -2.6 -15.0
Austria 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0
Belgium 0.3 55 -0.3 -19.4 0.0 -0.7 0.0 -3.2 -14.4
Bulgaria -5.1 76.9 14.3 -20.1 0.0 -4.3 0.0 -7.5 -49.6
Cyprus 0.5 11.2 -3.1 -86.4 -2.4 -10.5 -1.5 -16.3 -43.4
Czech. Rep -5.4 22.5 6.1 -12.3 0.0 -4.8 0.0 -6.2 -36.5
Denmark 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Estonia -12.4 84.5 16.2 -5.6 0.1 -0.6 0.1 -2.0 -1.7
Finland 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
France -11 8.1 1.6 -5.9 0.0 -1.2 0.0 -2.2 -16.1
Germany 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Greece -1.7 82.1 10.1 -11.5 0.0 -2.6 0.0 -4.0 -20.9
Hungary -2.8 14.6 3.9 -8.2 0.0 -2.0 0.1 -3.4 -24.5
Ireland -0.1 0.3 0.1 -0.3 0.0 0.0 0.0 0.0 -0.4
Italy -1.0 13.8 3.1 -12.9 0.0 -25 0.0 -35 -20.3
Latvia -16.3 66.1 19.1 -11.3 0.0 -3.1 0.0 -3.3 -23.3
Lithuania 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malta 0.5 51 -1.1 -51.0 0.0 0.0 0.0 -11.1 -15.8
Netherlands 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 -0.1
Poland -5.9 183.1 11.6 -14.3 -0.1 -4.0 -0.1 -4.8 -29.7
Portugal -2.9 115 3.8 -24.4 0.0 -25 -0.1 -4.9 -26.3
Romania -9.4 41.4 13.2 -9.8 0.0 -3.2 0.0 -3.4 -26.6
Slovakia -4.6 12.0 4.5 -55 0.0 -1.3 0.0 -2.3 -13.9
Slovenia 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spain -1.2 43.2 4.3 -27.0 0.0 -4.9 0.0 -6.2 -27.1
Sweden -24 5.8 1.7 -7.8 0.0 -0.3 0.0 -2.6 -23.4
United Kingdom -0.7 2.7 0.7 -5.6 0.0 -0.6 0.0 -1.4 -6.6
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The regional variation of agricultural income etem the scenario balanced fertilization
relative to the ND full 2020 reference is showrthia Figure 16. It is evident that the
percentage losses are lowest where NVZs were enfobalanced fertilization already in
the reference situation (green = gains in incomgsds increasing with red colour). Other
factors such as the economic weight of the croseperate to modify these impacts but
appear to be less important than the initial NVZreh

I N e [ 8 [ ]
~12.38 < -9.92 992« -7 46 -TAG =500 500 =254 <254 =008 008 = 238
Figure 16. Regional variation of percentage incomiéects for scenario BALFERT
relative to ND full 2020. (Bars illustrate the dibiution)
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Table 31 gives the changes of main components o€wimral income from scenario
BALFERT.

Table 31: Contributions to agricultural income acdimg to CAPRI simulations for the

scenario balanced fertilization (Balfert 2020) WD full 2020
EAA value  Unit value EAA Quantity EAA value Unit value EAA Quantity

[million €] [€/1] [1000 t] [change] [change] [change]
European Union 27
Production value 426383 0.0%
Cereals 35863 106 339507 0.0% 0.2% -0.2%
Other non fodder 157162 252 624354 0.0% 0.0% 0.0%
Fodder 18944 9 2144968 0.1% 0.0% 0.1%
Meat 74266 1616 45947 0.0% 0.0% 0.0%
Other Animal products 59045 271 217684 -0.1% -0.1% 0.0%
Other output 81103 164 494052 0.1% 0.1% 0.0%
Inputs 261324 1.2%
Fertiliser 39283 819 47951 -1.7% 0.0% -1.7%
Feedingstuff 72481 47 1545314 -0.1% -0.2% 0.1%
Other input 149560 281 532491 2.6% 2.1% 0.5%
European Union 15
Production value 370370 0.0%
Cereals 26627 111 240085 0.0% 0.0% 0.0%
Other non fodder 140660 263 534942 0.0% 0.0% 0.0%
Fodder 15813 9 1767083 0.1% 0.0% 0.1%
Meat 64587 1682 38401 0.0% 0.0% 0.0%
Other Animal products 50905 276 184382 -0.1% -0.1% 0.0%
Other output 71777 173 413886 0.0% 0.0% 0.0%
Inputs 224756 0.7%
Fertiliser 31818 850 37423 -1.4% 0.0% -1.4%
Feedingstuff 63094 48 1325855 -0.1% -0.1% 0.1%
Other input 129845 289 448615 1.6% 1.3% 0.3%
European Union 12
Production value 56013 0.0%
Cereals 9236 93 99422 -0.1% 0.4% -0.5%
Other non fodder 16502 185 89412 0.0% 0.1% -0.1%
Fodder 3131 8 377885 0.1% 0.1% 0.0%
Meat 9679 1283 7546 0.0% 0.1% -0.1%
Other Animal products 8140 244 33302 -0.1% 0.0% 0.0%
Other output 9326 116 80166 0.3% 0.4% -0.1%
Inputs 36567 4.1%
Fertiliser 7465 709 10528 -2.9% -0.1% -2.8%
Feedingstuff 9387 43 219458 -0.1% -0.3% 0.2%
Other input 19715 235 83876 8.7% 7.4% 1.3%

It is evident that the impacts of this scenario @gmated to be quite small both in the
crop and livestock sector. The impact on fertilisemuch smaller than the 9% reduction
mentioned above first because non nitrogen feztdisare not directly affected and more
importantly because the fertiliser value and quangiven in Table 31 includes the
imputed valueplant available manuréboth on the input and output side). The increase i
‘other input’ mainly derives from our assumptions additional management effort
needed to bring about this change in agricult@ahing practice.
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The change in agricultural income is one comporgrihe total change in ‘economic
welfare’ (Table 32)

Table 32: Contributions to the change in converdgloeconomic welfare according to
CAPRI simulations for the scenario balanced ferdition (Balfert 2020) vs. ND full 2020
[million €]

EU27 EU15 EU12

Total -3056 -1559 -1497
Consumer money metric -26 -9 -17
Agricultural income -3058 -1588 -1470
Premiums 12 1 11
Agricultural Output 52 38 15
Output crops 27 37 -10
Output animals 25 0 25
Output rest 0 0 0
Agricultural Input 3123 1626 1496
Crop specific Input -679 -456 -223
Animal specific Input -42 -37 -5
Other Input 3844 2119 1725
‘Net' direct cost 3103 1603 1500
Profit of dairies -1 -1 0
Profit of other processing 34 36 -2
Tariff revenues -2 -6 4
FEOGA first pillar 3 -8 11

In this scenario, consumers, the processing ingwsid the budget are hardly affected
such that the total welfare effect is almost eqadhe impact on agriculture. Note that the
budget impacts do not include estimated for theaiireq additional efforts of the public

advisory system such that the above welfare cosinderestimated to some extent.
However, note also that the benefits of this anteotscenarios in terms of reduced
emissions have not been monetised. Finally the ‘@t direct cost shows that in this

scenario the total welfare effects are almost idahtto the ‘net’ direct cost, i.e. the

additional costs for higher managerial effort nieth@ savings in fertiliser cost. This is to
be expected if the price effects are very small.

Low-protein animal feeding as measure to decrease N excretion will be prainote
through agri-environmental programs and additicadisory work. It is assumed that
farmers do not compensate the decrease in N suppiyops, following the decrease in
the N content of the animal manure, through in@daapplication of mineral fertilizers.
Everything else equal, mineral N fertilizer use Vaobhe more or less constant therefore
following implementation of low-protein animal fdad.

However, increased efficiency in protein use ataplies that protein need is decreasing
which would lead to some substitution among fodglpes. Protein rich feed decreases in
use and some others also increase. Among the pratéi feed is grass which is partly

replaced with other feedstuffs such that grass ymtah would become less intensive.

This indirect effect from reduced demand for pmotech grass is the main reason why
mineral fertilizer use would actually decline sonfetvin the low protein scenarios.
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Increased efficiency has also the effect that, amtipular in ruminant feeding, some
expensive feedstuffs may be replaced with cheapes such that there would be some
savings on protein rich feedstuffs. Remember that@APRI simulations try to capture
not only optimization of feeding practice in théeinsive pigs and poultry sectors but also
the avoidance of ‘waste’ in some form on cattlenfsr For those there would be an
increase in management efforts (included undeh#saling of ‘feed related’ cost) but at
the same time there would be some cost savingsidew the change in feeding practice
will come about. As current inefficiency is moredespread in the cattle sector, these cost
saving effects tend to benefit the cattle sectdiemwas intensive livestock farming is
already operating closer to the technological limiitese differences change the relative
profitability in the livestock sector. For a dedim the protein surplus from 10% to 5%
(which may hold for the pig sector in a country) weuld apply the same mark-up of feed
cost as for a decline from 30% to 15% becausedlaive cut of the surplus is the same
(50%). However the efficiency gain would benefi¢ ttattle sector. As a consequence we
see in many countries a small increase of beefyatazh and as the same time a decline
in pork production. Correspondingly EU prices otbare slightly decreasing (-2.0% in
LNF10 all) while pork prices are increasing (+4.7%)

Total excretion is evidently decreasing in the LEEenarios which makes the largest
contribution to the improvement in the nitrogendoeale (-830 ktons or -7% in LNF10 all
for EU27) but the above mentioned decline in mihdeatiliser use adds another
210 ktons. Total ammonia emissions are expectetbttine by 7% whereas leaching is
declining by 12% under LNF10 all. The latter effect leaching is larger than according
to MITERRA-EUROPE, among other reasons because ralirfertilizer is slightly
increasing on aggregate in MITERRA-EUROPE (+1%) mehe it is somewhat
decreasing in CAPRI (-2% on aggregate). Some diffegs also stem from the definition
of leaching in the tables which does not include thnoff parts in CAPRI which are
included in Miterra-Europfe

The regional differences among countries in the I9d€narios are first of all due to the
different initial protein and energy surplus sitaas as estimated in the CAPRI database
(see Figure 13) because these determine the eelatitvfactors applied to each animal.
However changes in activity level may modify th&ast round’ effects. In the case of
the Czech Republic we see from Figure 13 that dones activities there will not be any
surplus at all and thus not a cut in protein sug@fich does not hold for the cattle
sector). If excretion is increasing here, thibéxause producers benefit from the price
increases without suffering from large cost incesasuch that they will tend to increase
production. In other cases some decline in prodaoctiontributes to the reduction in
excretions in particular if both beef and pork protibn would decline (Spain, Portugal).
The exceptional decline in mineral fertilizer uselieland is due to the importance of
grassland in this country. The 13% decline und®&FLO all’ in Cyprus is probably also
attributable to a peculiar data situation.

Runoff is included in CAPRI but it is not aggrégwith leaching below the rooting zone.
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Table 33: Simulation results of low nitrogen fegd{NF 10% 2020, all farms) vs. ND
full 2020

Absolute change LNF10 all vs. ND full 2020

agric  'net'dir beef pork mineral total NH3 total CH4 total N2O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[m €] [m €] [kton] [kton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -6425 6267 72 -450 -208 -827 -203 53 -35 -120
Austria -61 115 2 5 0 -16 -4 2 -1 -1
Belgium -124 205 -3 9 -2 -17 -3 -3 -1 -4
Bulgaria -65 41 -1 0 -5 -7 -2 0 0 -1
Cyprus -24 17 0 -5 0 -3 -1 -1 0 0
Czech. Rep -70 45 3 -2 -6 0 0 3 0 -1
Denmark -116 68 1 -125 2 -29 -7 -2 -1 -5
Estonia -8 6 0 0 0 -1 0 0 0 0
Finland -98 88 -2 -2 0 -5 -1 -2 0 0
France -976 965 -8 7 -6 -111 -25 -1 -4 -14
Germany -880 832 2 -213 -11 -113 -34 -3 -4 -15
Greece -196 173 2 0 -12 -14 -3 1 -1 -1
Hungary -154 130 -1 -22 -3 -10 -3 0 0 -1
Ireland -578 606 56 -18 -70 -22 -7 38 -3 -9
Italy -714 667 4 -10 6 -103 -28 -17 -4 -10
Latvia -3 4 0 0 -5 -1 -1 1 0 -1
Lithuania -35 17 0 0 -3 -5 -1 0 0 -2
Malta -2 3 0 0 0 0 0 0 0 0
Netherlands -147 261 1 -17 -2 -31 -6 0 -1 -6
Poland -378 272 0 -15 -8 -48 -16 -5 -2 -6
Portugal -152 145 -2 -7 -1 -24 -6 -2 -1 -2
Romania -339 177 6 2 -2 -8 -2 3 0 -1
Slovakia -11 10 0 -1 -1 -3 -1 0 0 -1
Slovenia -14 20 -1 1 0 -4 -1 0 0 0
Spain -842 842 -9 -33 -25 -157 -30 -5 -6 -18
Sweden -80 114 4 4 6 -11 -3 4 0 0
United Kingdom -358 443 19 -8 -62 -85 -19 40 -5 -22

Percentage change LNF10 all vs. ND full 2020

agric  'net'dir beef pork mineral total NH3 total CH4 total N2O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -3.2 5.2 0.8 -1.9 -2.0 -8.0 -6.8 0.5 -4.8 -11.6
Austria -2.0 5.0 1.3 1.0 0.2 -7.4 -7.0 1.0 -4.4 -12.7
Belgium -3.5 6.1 -1.1 0.8 -1.7 -5.3 4.4 -1.0 -4.1 -7.2
Bulgaria -25 4.2 -1.0 0.0 -2.5 -5.1 -4.2 -0.1 -3.2 -8.0
Cyprus -6.1 8.9 -1.8 -27.3 5.6 -13.0 -14.4 -3.0 -8.7 -10.0
Czech. Rep -4.0 2.8 6.1 -0.4 -1.7 0.1 -0.6 3.7 -1.0 -2.9
Denmark -3.6 1.7 0.6 -6.5 1.2 -8.3 -8.2 -1.3 -5.3 -11.5
Estonia -4.0 3.7 -0.8 -0.6 -0.5 -7.4 -6.3 -0.7 -4.0 -7.4
Finland -7.5 4.1 -2.3 -1.2 0.4 -6.9 -6.0 -2.2 -3.0 -8.1
France -2.9 4.2 -0.4 0.3 -0.3 -6.8 -4.9 -0.1 -3.1 -7.9
Germany -4.9 4.2 0.1 -4.6 -0.6 -7.8 -7.0 -0.2 -4.0 -12.5
Greece -1.9 9.6 3.3 -0.4 -6.2 -8.7 -8.4 0.8 -6.2 -13.1
Hungary -4.0 4.5 -1.6 -2.7 -0.7 -5.6 -4.3 -0.5 -2.2 -4.8
Ireland -21.9 19.7 8.5 -6.6 -26.6 -4.2 -6.1 6.7 -9.1 -32.2
Italy -1.9 5.7 0.4 -0.6 0.8 -11.5 -8.1 -2.0 -6.5 -13.4
Latvia -1.2 1.9 -2.0 0.9 -9.6 -5.0 -7.0 5.5 -6.6 -21.2
Lithuania -5.3 25 0.6 -0.4 -2.8 -7.9 -6.2 -0.3 -3.4 -14.4
Malta -2.8 11.8 -2.6 -3.2 0.0 -9.7 -9.2 -1.4 -11.1 -5.3
Netherlands -1.4 3.8 0.4 -1.3 -1.0 -7.0 -6.8 0.1 -5.5 -8.4
Poland 4.4 6.0 -0.2 -0.8 -0.8 -8.4 -6.2 -1.2 -34 -7.3
Portugal -3.8 4.8 -1.7 -1.9 -0.9 -11.9 -10.7 -0.9 -8.1 -14.5
Romania -6.0 4.4 2.2 1.1 -0.3 -2.9 -1.8 1.0 -1.2 -2.3
Slovakia -1.6 1.3 0.9 -0.4 -0.8 -6.8 -5.3 0.9 -25 -7.0
Slovenia -2.5 6.0 -2.6 4.8 -2.0 -7.9 -6.6 0.4 -5.8 -16.6
Spain -2.1 7.4 -1.0 -0.9 -3.2 -11.5 -9.5 -0.4 -8.3 -17.6
Sweden -5.3 5.1 2.6 1.8 35 -7.5 -7.4 3.0 -2.7 -1.6
United Kingdom -3.6 4.4 2.9 -1.4 -7.7 -8.2 -8.8 3.5 -6.6 -18.1

87



Figure 17 shows the regional distribution of incoefieects against the ND full reference.
It is evident that agriculture rarely gains frone thNF scenario. Exceptions are possible if
countries are little affected by increasing feed aranagement cost but benefit from the
general price increase on meat markets.
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Figure 17. Regional variation of percentage incosffects for scenario LNF10, all farms,
relative to ND full 2020. (Bars illustrate the disution)
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Table 34 gives the changes of main componentgyo€wdtural income from scenario
LNF10.

Table 34: Contributions to agricultural income acdimg to CAPRI simulations for the

low nitrogen reduction target of 10% in all farmidNF10, all) vs. ND full 2020
EAA value  Unit value EAA Quantity EAA value Unit value EAA Quantity

[million €] [€/1] [1000t]  [million €] [€/1] [1000 t]
European Union 27
Production value 426383 -0.2%
Cereals 35863 106 339507 -6.6% -6.0% -0.7%
Other non fodder 157162 252 624354 0.1% -0.3% 0.4%
Fodder 18944 9 2144968 -1.9% 0.6% -2.4%
Meat 74266 1616 45947 1.4% 2.6% -1.2%
Other Animal products 59045 271 217684 2.1% 2.0% 0.1%
Other output 81103 164 494052 -0.9% 0.3% -1.1%
Inputs 261324 2.1%
Fertiliser 39283 819 47951 -1.1% 0.0% -1.1%
Feedingstuff 72481 47 1545314 -7.5% -6.2% -1.4%
Other input 149560 281 532491 7.6% 6.9% 0.6%
European Union 15
Production value 370370 -0.2%
Cereals 26627 111 240085 -6.1% -5.6% -0.6%
Other non fodder 140660 263 534942 0.1% -0.2% 0.3%
Fodder 15813 9 1767083 -1.8% 0.7% -2.5%
Meat 64587 1682 38401 1.3% 2.6% -1.3%
Other Animal products 50905 276 184382 2.2% 2.1% 0.1%
Other output 71777 173 413886 -1.0% 0.2% -1.2%
Inputs 224756 2.1%
Fertiliser 31818 850 37423 -1.1% 0.1% -1.2%
Feedingstuff 63094 48 1325855 -7.5% -6.1% -1.5%
Other input 129845 289 448615 7.5% 6.8% 0.7%
European Union 12
Production value 56013 -0.6%
Cereals 9236 93 99422 -8.1% -7.1% -1.0%
Other non fodder 16502 185 89412 0.4% -0.5% 0.9%
Fodder 3131 8 377885 -2.2% -0.1% -2.1%
Meat 9679 1283 7546 2.4% 2.9% -0.5%
Other Animal products 8140 244 33302 1.4% 1.5% -0.1%
Other output 9326 116 80166 0.5% 1.3% -0.8%
Inputs 36567 2.1%
Fertiliser 7465 709 10528 -0.8% 0.0% -0.8%
Feedingstuff 9387 43 219458 -71.7% -6.9% -0.8%
Other input 19715 235 83876 7.9% 7.2% 0.6%

The LNF scenarios have stronger market impactsusecieed demand would be reduced,
at least in terms of quantities. As a consequerceat prices decline by about 6% which
contributes to the loss in agricultural income. tBa input side we see a decline in the
demand for feedingstuff which implies some savimgsost. However, feed quality and
quality of management has to increase which is re@v@nder ‘other input’ giving on
balance an increase in costs to agriculture.
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The change in agricultural income is one comporgrihe total change in ‘economic
welfare’ (Table 35)

Table 35: Contributions to the change in converdgloeconomic welfare according to
CAPRI simulations for the low nitrogen reductiongit of 10% in all farms (LNF10) vs.
ND full 2020 [million €]

EU27 EU15 EU12

Total -11505 -9899 -1606
Consumer money metric -2841 -2507 -334
Agricultural income -6425 -5323 -1103
Premiums 8 -2 10
Agricultural Output -968 -620 -348
Output crops -2576 -1835 -741
Output animals 1608 1215 393
Output rest 0 0 0
Agricultural Input 5465 4701 765
Crop specific Input -426 -359 -67
Animal specific Input -6080 -5434 -646
Other Input 11971 10493 1478
'Net' direct cost 6267 5526 741
Profit of dairies 36 31 5
Profit of other processing -1974 -1813 -161
Tariff revenues 56 59 -3
FEOGA first pillar 356 346 10

In this scenario significant market impacts havébéoexpected as mentioned above. In
addition to the impacts on agriculture there issslin consumer welfare. Furthermore the
processing industry, in particular for processirgoiblseeds would also be affected by
decreasing prices for protein rich feedstuffs. lotpeon the budget are moderate and
mainly derive from additional export subsidies oareals and meat. As under the
BALFERT scenario we have to note that the budggtaicts do not include estimates for
additional advisory efforts and at the same timadiof the public advisory system such
that the above welfare cost are underestimatedre xtent. However, note also that the
benefits of this and other scenarios in terms afuced emissions have not been
monetised. Due to significant impacts on consunard the processing industry the
overall welfare effects considerably exceed the ‘dieect cost of low nitrogen feeding. In
the case of low nitrogen feeding these costs analynéor higher quality of feed and
management but net of some savings in quantitidsao mineral fertiliser.

Moving to the partial implementation of LNF for IBPfarms only (with extended

coverage according téPPC2 2020in section 5 of the main report) we find much kea
impacts in general but basically a quite similatyxie in qualitative terms (Table 36).
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Table 36: Simulation results of low nitrogen feed{bNF 10% 2020, IPPC farms) vs. ND
full 2020

Absolute change LNF10 IPPC2 vs. ND full 2020

agric 'net' dir beef pork mineral total NH3 total CH4 total N2O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[m €] [m €] [kton] [kton] [kton N] [kton N] [kton N] [kton N]  [kton N] [kton N]
EU27 -397 1196 17 -88 -27 -106 -35 16 -6 -15
Austria 26 9 0 2 -1 0 0 0 0 0
Belgium -4 37 0 0 0 -1 0 0 0 0
Bulgaria 7 -3 0 1 -1 0 0 0 0 0
Cyprus -3 3 0 -2 0 -1 0 0 0 0
Czech. Rep -10 20 1 0 -2 0 0 1 0 -1
Denmark -5 16 0 -26 0 -6 -1 0 0 -1
Estonia -2 2 0 0 0 -1 0 0 0 0
Finland 4 12 0 2 0 0 0 0 0 0
France 51 129 3 7 -4 -2 -1 3 0 -1
Germany -56 197 3 -18 -2 -17 -5 1 -1 -2
Greece -1 14 0 0 -1 0 0 0 0 0
Hungary -38 53 0 -9 0 -4 -1 0 0 0
Ireland -42 51 4 -9 -5 1 0 4 0 0
Italy -124 176 -1 -23 0 -19 -7 -1 -1 -2
Latvia 0 1 0 0 0 0 0 0 0 0
Lithuania -2 3 0 0 0 -1 0 0 0 0
Malta 0 0 0 0 0 0 0 0 0 0
Netherlands -10 47 0 -1 0 -6 -1 0 0 -1
Poland -8 48 0 4 -1 -6 -2 0 0 -1
Portugal -15 29 0 2 0 -2 -1 0 0 0
Romania 9 2 1 2 -1 1 0 1 0 0
Slovakia -2 5 0 0 0 -2 -1 0 0 0
Slovenia 4 2 0 0 0 0 0 0 0 0
Spain -118 205 1 -21 -4 -22 -7 1 -1 -2
Sweden 2 16 0 1 1 -1 0 0 0 0
United Kingdom -61 121 3 0 -6 -17 -6 5 -1 -3

Percentage change LNF10 IPPC2 vs. ND full 2020

agric 'net' dir beef pork mineral total NH3 total CH4 total N2O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -0.2 1.0 0.2 -0.4 -0.3 -1.0 -1.2 0.2 -0.8 -1.4
Austria 0.8 0.4 0.2 0.5 -0.9 0.1 0.1 0.2 -0.1 -0.4
Belgium -0.1 1.1 0.1 0.0 -0.3 -0.3 -0.3 0.0 -0.4 -0.5
Bulgaria 0.3 -0.3 0.2 0.2 -0.4 0.2 0.1 0.1 -0.1 -0.2
Cyprus -0.8 1.5 -0.1 -9.2 1.0 -2.9 -45 -0.5 -2.2 -1.8
Czech. Rep -0.6 13 2.2 0.1 -0.7 -0.4 -0.5 14 -0.5 -1.7
Denmark -0.2 0.4 0.3 -1.3 0.2 -1.7 -1.8 -0.2 -1.3 -2.3
Estonia -1.0 1.3 0.0 -0.4 0.0 -3.0 -2.6 -0.2 -2.0 -2.6
Finland 0.3 0.5 0.3 0.8 -0.1 -0.2 -0.2 0.0 -0.2 -0.5
France 0.2 0.6 0.2 0.3 -0.2 -0.1 -0.2 0.1 -0.2 -0.3
Germany -0.3 1.0 0.3 -04 -0.1 -1.2 -1.1 0.1 -0.8 -1.9
Greece 0.0 0.8 0.0 -0.2 -0.3 -0.1 -0.3 0.1 -0.2 -0.4
Hungary -1.0 18 -0.3 -1.0 0.0 -2.4 -1.8 -0.3 -0.8 -1.7
Ireland -1.6 1.6 0.7 -3.2 -1.8 0.1 -0.3 0.7 -0.4 -1.3
Italy -0.3 1.5 -0.1 -1.4 0.0 -2.2 -1.9 -0.1 -1.4 -2.4
Latvia -0.1 0.6 -0.4 0.1 -0.6 -0.9 -0.9 0.2 -0.5 -1.7
Lithuania -0.3 0.5 0.4 -0.4 -0.2 -0.9 -0.8 0.0 -0.4 -1.3
Malta 0.3 1.3 -0.9 -1.4 0.0 -0.4 0.0 0.0 0.0 0.0
Netherlands -0.1 0.7 0.1 -0.1 0.2 -1.3 -1.4 0.0 -1.6 -1.3
Poland -0.1 1.1 0.0 0.2 -0.1 -1.0 -0.7 -0.1 -0.5 -0.9
Portugal -0.4 1.0 0.0 0.5 -0.4 -1.1 -1.4 0.2 -1.1 -1.4
Romania 0.2 0.0 0.3 0.9 -0.2 0.3 0.2 0.2 0.0 -0.1
Slovakia -0.2 0.7 0.2 -0.3 0.0 -4.4 -3.2 0.1 -1.6 -3.9
Slovenia 0.6 0.6 -0.3 0.8 -0.4 0.1 0.3 0.0 0.0 0.0
Spain -0.3 1.8 0.1 -0.6 -0.5 -1.6 -2.2 0.1 -1.6 -2.0
Sweden 0.1 0.7 0.3 0.5 0.5 -1.0 -1.0 0.2 -0.7 0.0
United Kingdom -0.6 1.2 0.4 0.0 -0.7 -1.6 -3.0 0.4 -1.5 -2.1
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Figure 18 shows the regional distribution of incoefiects against the ND full reference.
It is evident that the income losses to agricultare much smaller if the application is
limited to IPPC farms only. Note that regional meteneity within Member States is not
due to different shares of IPPC farms on which wendt have information. It is mainly
driven by differences in production structure armasgibly differences in the estimated

initial protein surplus.
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Figure 18. Regional variation of percentage incoeféects for scenario LNF10 IPPC
farms only, relative to ND full 2020. (Bars illuate the distribution)
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Table 37 gives the changes of main components o€wimral income from scenario
LNF10, IPPC farms only.

Table 37: Contributions to agricultural income acdimg to CAPRI simulations for the

low nitrogen reduction target of 10% in IPPC farh&dNF10 IPPC) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unit value EAA Quantity

[million €] [€/1] [1000t]  [million €] [€/1] [1000 t]
European Union 27
Production value 426383 0.2%
Cereals 35863 106 339507 -1.0% -0.8% -0.1%
Other non fodder 157162 252 624354 0.1% 0.0% 0.1%
Fodder 18944 9 2144968 -0.2% 0.1% -0.2%
Meat 74266 1616 45947 0.6% 0.9% -0.3%
Other Animal products 59045 271 217684 0.9% 0.9% 0.0%
Other output 81103 164 494052 -0.1% 0.1% -0.2%
Inputs 261324 0.4%
Fertiliser 39283 819 47951 -0.1% 0.0% -0.1%
Feedingstuff 72481 47 1545314 -1.1% -1.0% -0.1%
Other input 149560 281 532491 1.3% 1.2% 0.1%
European Union 15
Production value 370370 0.2%
Cereals 26627 111 240085 -1.0% -0.8% -0.1%
Other non fodder 140660 263 534942 0.1% 0.0% 0.1%
Fodder 15813 9 1767083 -0.2% 0.1% -0.2%
Meat 64587 1682 38401 0.6% 1.0% -0.4%
Other Animal products 50905 276 184382 0.9% 0.9% 0.0%
Other output 71777 173 413886 -0.1% 0.1% -0.2%
Inputs 224756 0.4%
Fertiliser 31818 850 37423 -0.1% 0.0% -0.1%
Feedingstuff 63094 48 1325855 -1.1% -1.0% -0.2%
Other input 129845 289 448615 1.3% 1.2% 0.1%
European Union 12
Production value 56013 0.2%
Cereals 9236 93 99422 -0.9% -0.8% -0.2%
Other non fodder 16502 185 89412 0.2% 0.1% 0.1%
Fodder 3131 8 377885 -0.3% 0.0% -0.2%
Meat 9679 1283 7546 1.1% 1.0% 0.1%
Other Animal products 8140 244 33302 0.5% 0.5% 0.0%
Other output 9326 116 80166 0.1% 0.1% 0.0%
Inputs 36567 0.4%
Fertiliser 7465 709 10528 -0.1% 0.0% -0.1%
Feedingstuff 9387 43 219458 -1.1% -1.1% -0.1%
Other input 19715 235 83876 1.3% 1.1% 0.2%

The LNF scenario has weaker market impacts if linted to IPPC farms. Meat prices
are only expected to increase by 1% rather thas@under ‘LNF10 all’ and cereal prices
would only drop by 0.8% rather than 6% in EU27. @ input side we see the
counteracting changes for feedingstuff and ‘ottmgut’ which incorporates the ‘quality
mark up’.
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The change in agricultural income is one comporgrihe total change in ‘economic
welfare’ (Table 38)

Table 38: Contributions to the change in converdgloeconomic welfare according to
CAPRI simulations for the low nitrogen reductiomgiet of 10% in IPPC farms (LNF10)
vs. ND full 2020 [million €]

EU27 EU15 EU12

Total -2437 -2160 =277
Consumer money metric -1450 -1271 -179
Agricultural income -397 -352 -45
Premiums 16 15 1
Agricultural Output 696 597 99
Output crops -210 -156 -54
Output animals 906 752 154
Output rest 0 0 0
Agricultural Input 1109 964 145
Crop specific Input -42 -36 -6
Animal specific Input -894 -796 -98
Other Input 2045 1796 249
‘Net' direct cost 1196 1059 137
Profit of dairies 14 12 2
Profit of other processing -541 -494 -46
Tariff revenues 13 22 -8
FEOGA first pillar 77 76 1

In this scenario market impacts are weaker thareub®F10 (all) as mentioned above.

Nonetheless there is a loss in consumer welfareaatass in the processing industry.
Impacts on the budget are quite small, disregareéixmgenditure for additional advisory

efforts. The ‘net’ direct cost capture only apdrtiee total economic cost of the measure
as changes market prices pass on the loss to atheket participants and enforce
economic adjustments involving welfare cost. Noaktbs even the ‘net’ direct cost give
already a more encompassing cost indicator thanuigiral income effects alone.

With a further implementation of LNF towards a 2a#8get many effects discussed
earlier would be strengthened of course. Howevesret are also new aspects. In this
scenario all meat prices would increase (12% faaf,b#8% for pork) such that there
would be a significant burden to final consumerdaiye part of the additional cost of the
measures would thus be passed on to consumersetghdre economic impacts of this
scenario are important this evidently holds as ¥eglthe environmental gains (Table 39).

It will be recognized that the impacts on excretaond hence all derived environmental
effects are stronger in these CAPRI simulations tinathe MITERRA-EUROPE results

from above. This is mainly because the CAPRI siths tend to cover the efficiency
gains in the non dairy cattle and sheep sectomsedisbut some adjustments of activity
levels also contribute to the differences.
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Table 39: Simulation results of low nitrogen feed{NF 20% 2020, all farms) vs. ND
full 2020

Absolute change LNF20 all vs. ND full 2020

agric 'net' dir beef pork mineral total NH3 total CH4 total N20
income cost prod prod fertiliser excretion loss emisions emisions leaching
[m €] [m €] [kton] [kton] [kton N]  [kton N]  [kton N] _ [kton N]  [kton N] [kton N]
EU27 -8962 17788 -113 -1274 -330 -1909 -436 -368 -80 -250
Austria -81 368 2 -8 3 -39 -9 -6 -1 -1
Belgium -379 759 -17 -59 -1 -39 -8 -7 -1 -7
Bulgaria -75 117 -4 5 -8 -13 -3 -1 -1 -3
Cyprus -43 50 0 -7 1 -5 -1 -1 0 0
Czech. Rep -83 120 8 5 -12 2 0 7 0 -2
Denmark -105 259 -14 -380 5 -55 -13 -9 -2 -9
Estonia -9 17 0 0 0 -2 -1 0 0 0
Finland -297 326 -12 -10 3 -14 -3 -8 0 0
France -1279 3079 -145 -51 5 -257 -55 -83 -9 -30
Germany -1159 2641 -86 -374 -14 -235 -68 -53 -8 -29
Greece -644 285 31 0 -1 -49 -5 -27 -2 -2
Hungary -270 348 0 -53 -7 -18 -6 0 -1 -2
Ireland -61 554 188 -34 -107 -145 -29 -28 -8 -22
Italy -1602 2245 -1 -136 7 -231 -64 =77 -8 -21
Latvia 4 12 -1 1 -9 -3 -1 2 0 -2
Lithuania -39 48 2 1 -10 -7 -2 2 -1 -3
Malta -2 5 0 -1 0 0 0 0 0 0
Netherlands -315 901 -37 -69 2 -72 -14 -6 -3 -12
Poland -554 715 6 -9 -18 -78 -27 -6 -4 -11
Portugal -235 380 -5 -12 -5 -70 -16 -38 -3 -4
Romania -552 412 12 12 -5 -12 -3 7 -1 -2
Slovakia 7 33 1 2 -2 -5 -1 0 0 -1
Slovenia -19 59 -4 4 0 -7 -2 -1 0 -1
Spain -1344 3006 =77 -107 -29 -309 -60 -30 -11 -32
Sweden -114 324 5 29 15 -24 -6 0 -1 0
United Kingdom 290 725 32 -23 -144 -221 -41 -7 -13 -53

Percentage change LNF20 all vs. ND full 2020

agric 'net' dir beef pork mineral total NH3 total CH4 total N20
income cost prod prod fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -4.4 14.7 -1.3 -55 -3.2 -18.6 -14.6 -3.6 -10.8 -24.1
Austria -2.7 15.9 11 -1.7 3.3 -18.2 -16.2 -2.7 -11.2 -21.9
Belgium -10.8 22.5 -5.5 -5.2 -1.0 -12.1 -11.3 -2.5 -8.9 -15.0
Bulgaria -2.8 11.9 -2.7 1.2 -3.9 9.1 -7.3 -0.3 -5.4 -13.8
Cyprus -11.2 26.5 -25 -44.2 11.3 -23.4 -25.7 -6.0 -16.3 -17.2
Czech. Rep -4.8 7.5 16.3 1.2 -3.6 1.7 -0.4 7.3 -15 -5.3
Denmark -3.3 6.5 -11.5 -19.9 3.0 -15.9 -15.7 -4.8 -9.8 -21.3
Estonia -4.5 10.5 2.0 0.6 -1.2 -13.2 -11.2 -1.7 -6.6 -13.5
Finland -22.8 15.2 -15.6 -5.2 2.6 -17.6 -15.5 -9.5 -1.7 -15.7
France -3.9 13.6 -1.7 -1.9 0.3 -15.8 -11.0 -3.9 -7.0 -17.2
Germany -6.5 13.2 -7.4 -8.0 -0.8 -16.3 -13.8 -4.5 -8.2 -24.2
Greece -6.1 15.9 55.6 0.1 -0.5 -31.3 -16.7 -14.9 -14.8 -29.1
Hungary -7.0 11.9 1.2 -6.5 -1.6 -10.2 -8.2 -0.5 -4.2 -9.0
Ireland -2.3 18.0 28.5 -12.1 -40.8 -28.0 -25.5 -4.9 -29.9 -77.1
Italy -4.3 19.2 -0.1 -8.0 1.0 -25.6 -18.5 -8.9 -14.8 -27.5
Latvia 1.6 5.2 -3.8 5.8 -18.1 -10.5 -13.3 8.2 -12.9 -41.6
Lithuania -5.9 7.4 6.6 1.2 -8.9 -10.6 -10.2 34 -7.1 -30.7
Malta -2.7 23.0 -3.4 -23.6 3.9 -21.2 -19.7 -5.9 -22.2 -15.8
Netherlands -3.0 13.1 -11.1 -5.3 1.2 -16.4 -16.0 -1.7 -12.9 -17.4
Poland -6.5 15.8 3.1 -0.5 -1.8 -13.9 -10.5 -1.5 -5.8 -13.0
Portugal -5.9 125 -3.7 -3.3 -5.0 -34.2 -29.4 -16.8 -25.4 -36.2
Romania -9.8 10.3 4.3 5.4 -1.1 -4.7 -3.0 2.2 -2.3 -5.0
Slovakia 11 4.5 6.7 1.6 -1.9 -11.4 -8.7 0.9 -4.3 -12.4
Slovenia -3.4 17.9 -13.0 11.9 -1.4 -16.0 -12.9 -2.5 -11.1 -30.6
Spain -3.3 26.4 -8.0 -3.0 -3.8 -22.5 -18.7 -2.3 -15.8 -31.6
Sweden -7.5 14.5 3.5 12.7 9.3 -17.1 -15.3 0.2 -6.6 -5.5
United Kingdom 2.9 7.1 4.8 -4.2 -17.9 -21.3 -18.7 -0.7 -16.6 -43.2
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Figure 19 shows the regional distribution of incoefiects against the ND full reference.
There is a great regional heterogeneity, partly wudifferent productions structure and
initial protein surplus. The relatively high loss Finland is mainly a basis effect:
Compared to many other countries Finish agricultsreot very profitable, for example
measures in terms of agricultural income relativéotal revenue (about 30%). A certain
squeeze from additional cost may cause a largaueldrop in income when starting from
a low level.

Figure 19. Regional variation of percentage incoeféects for scenario LNF20 all
relative to ND full 2020.
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Table 40 gives the changes of main components o€wiyral income from scenario
LNF20.

Table 40: Contributions to agricultural income acdimg to CAPRI simulations for the

low nitrogen reduction target of 20% in all farmidNF20) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unit value EAA Quantity

[million €] [€/1] [1000t]  [million €] [€/1] [1000 t]
European Union 27
Production value 426383 4.9%
Cereals 35863 106 339507 -13.0% -12.6% -0.5%
Other non fodder 157162 252 624354 0.5% -0.4% 0.8%
Fodder 18944 9 2144968 -5.7% 2.5% -8.0%
Meat 74266 1616 45947 10.8% 15.9% -4.4%
Other Animal products 59045 271 217684 8.6% 9.2% -0.6%
Other output 81103 164 494052 15.8% 23.7% -6.4%
Inputs 261324 11.4%
Fertiliser 39283 819 47951 -3.2% 0.1% -3.3%
Feedingstuff 72481 47 1545314 -15.4% -9.6% -6.4%
Other input 149560 281 532491 28.3% 30.3% -1.6%
European Union 15
Production value 370370 5.5%
Cereals 26627 111 240085 -11.7% -12.0% 0.3%
Other non fodder 140660 263 534942 0.3% -0.2% 0.5%
Fodder 15813 9 1767083 -5.9% 3.1% -8.8%
Meat 64587 1682 38401 10.7% 17.0% -5.4%
Other Animal products 50905 276 184382 8.9% 9.7% -0.7%
Other output 71777 173 413886 17.5% 27.1% -7.5%
Inputs 224756 12.3%
Fertiliser 31818 850 37423 -3.5% 0.2% -3.7%
Feedingstuff 63094 48 1325855 -15.7% -9.1% -7.3%
Other input 129845 289 448615 29.8% 32.9% -2.3%
European Union 12
Production value 56013 0.9%
Cereals 9236 93 99422 -16.6% -14.7% -2.2%
Other non fodder 16502 185 89412 1.8% -0.7% 2.6%
Fodder 3131 8 377885 -4.7% -0.2% -4.5%
Meat 9679 1283 7546 11.6% 10.8% 0.7%
Other Animal products 8140 244 33302 6.4% 6.4% 0.0%
Other output 9326 116 80166 2.7% 3.4% -0.7%
Inputs 36567 5.9%
Fertiliser 7465 709 10528 -1.8% 0.0% -1.7%
Feedingstuff 9387 43 219458 -13.5% -12.4% -1.3%
Other input 19715 235 83876 18.1% 15.5% 2.3%

The LNF20 scenario has even stronger market impthets LNF10. Especially meat
production decreases clearly (-4.6%). Price in@edsom animal products compensate
for the decrease in quantity such that the totadipction value is increasing. Price effects
on cereals are strong as well. On the input sideeeea marked decline in the demand for
feedingstuff which implies again some savings istcblowever, feed quality and quality
of management has to increase which is coveredruather input’ giving on balance a
sizeable increase in costs to agriculture (+11.4%).
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The change in agricultural income is one comporgrihe total change in ‘economic
welfare’ (Table 41)

Table 41: Contributions to the change in converdgloeconomic welfare according to
CAPRI simulations for the low nitrogen reductiongiet of 20% in all farms (LNF20) vs.
ND full 2020 [million €]

EU27 EU15 EU12

Total -31372 -27716 -3656
Consumer money metric -16966 -15316 -1650
Agricultural income -8962 -7325 -1637
Premiums -8 -29 21
Agricultural Output 20883 20370 513
Output crops -5015 -3640 -1375
Output animals 25898 24011 1888
Output rest 0 0 0
Agricultural Input 29837 27667 2171
Crop specific Input -1189 -1055 -134
Animal specific Input 1996 2959 -963
Other Input 29030 25763 3268
‘Net' direct cost 17788 15852 1937
Profit of dairies 239 213 27
Profit of other processing -5716 -5256 -460
Tariff revenues 566 482 84
FEOGA first pillar 535 514 21

Welfare effects from LNF20 would be clearly stronglean from LNF10. Agricultural
income has further decreased but consumers losses ihcreased more than fivefold.
Together with a stronger loss on other processitg to less feed demand of oilcakes)
this would lead to a tripled reduction in conventaibtotal welfare compared to LNF10.
The two caveats from above, ignorance of additiahinistrative cost and lack of
monetised environmental benefits apply as usuakllyi it may be seen again that ‘net’
direct costs as a simpler indicator of economid<ta! to capture the full size of welfare
cost but are nonetheless more inclusive than dgrreliincome effects.

The most ambitious package analysed by our modehbines balanced fertilization, low
nitrogen feeding (10% target for all farms) and #éimemonia measures considered for the
Thematic Strategy (ptimal combination). Excretion would decline by 8% according to
CAPRI but the key contribution would come from aldee of mineral fertilizer by 13%
which is even larger than under balanced fertilimatlone because the effect of lower
protein demand on grass production is added orfTtable 42). Reduced nitrogen supply
combines with targeted ammonia measures to reduo@oaia emissions by 19%.
Leaching would also be alleviated significantly ¥6% (where the difference to the
lower leaching impact according to MITERRA-Europepiartly due to the exclusion of
runoff from the leaching result in CAPRI). Finallye have to repeat our caveat on the
data situation in Malta and Cyprus which contrilbute exaggerated effects on mineral
fertilizer in these countries.
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Table 42: Simulation results of a combined low agen feeding, balanced fertilization
and ammonia measures from TS explorations (optm@bination) vs. ND full 2020

agric  'net' dir beef pork mineral total NH3 total CH4 total N2O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[m €] [m €] [kton] [kton] [kton N] [kton N] [kton N] [kton N]  [kton N] [kton N]
EU27 -10831 11446 27 -535 -1295 -862 -558 17 -19 -266
Austria -147 196 1 -3 -9 -17 -16 1 1 -1
Belgium -94 230 -3 19 -28 -16 -6 -2 -1 -10
Bulgaria -200 184 -1 1 -45 -7 -3 0 -1 -10
Cyprus -27 13 0 -7 -7 -3 -1 -1 0 -1
Czech. Rep -181 161 0 -3 -48 -1 -5 2 -1 -12
Denmark -334 218 0 -214 -8 -35 -26 -4 0 -4
Estonia -35 34 0 0 -2 -1 -1 0 0 0
Finland -121 114 -2 -1 -1 -5 -3 -2 0 0
France -1533 1658 -11 -4 -196 -116 -121 -6 5 -39
Germany -964 1078 -17 -170 -19 -115 -44 -11 -3 -15
Greece -474 410 1 -10 -35 -17 -11 0 0 -3
Hungary -288 277 -1 -18 -45 -10 -12 -1 0 -8
Ireland -869 899 43 -25 -81 -31 -16 28 -2 -10
Italy -1132 1205 2 -13 -116 -105 -72 -19 -3 -25
Latvia -58 57 0 -1 -11 -2 -2 1 0 -2
Lithuania -67 50 0 -1 -6 -6 -5 -1 0 -2
Malta -1 3 0 0 0 0 0 0 0 0
Netherlands -135 314 1 0 -5 -30 -9 0 -1 -6
Poland -899 861 -2 -14 -161 -48 -42 -7 -3 -30
Portugal -301 303 -3 -10 -31 -26 -16 -4 0 -4
Romania -857 705 6 4 -49 -8 -4 3 -1 -11
Slovakia -41 46 0 -1 -8 -3 -2 0 0 -2
Slovenia -59 54 -3 0 -3 -6 -7 -2 0 0
Spain -1446 1548 -7 -69 -256 -159 -94 -3 -3 -42
Sweden -113 165 4 7 -8 -10 -3 4 -1 -1
United Kingdom -456 663 20 0 -121 -83 -37 41 -4 -30

Percentage change Opt combination vs. ND full 2020

agric  'net' dir beef pork mineral total NH3 total CH4 total N20O
income cost prod prod fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -5.3 53.2 0.3 -2.3 -12.5 -8.4 -18.6 0.2 -2.6 -25.6
Austria -4.8 29.1 0.7 -0.6 -10.1 -8.0 -28.5 0.6 74 -11.0
Belgium -2.7 99.6 -1.1 1.7 -22.2 -5.0 -8.5 -0.8 -3.4 -20.4
Bulgaria -75 107.8 -1.0 0.2 -22.3 -5.1 -85 -0.1 -10.5 -57.0
Cyprus -7.0 142.8 -3.1 -44.6 -88.4 -16.2 -36.9 -4.9 -21.7 -55.2
Czech. Rep -10.4 43.3 1.0 -0.7 -14.3 -1.1 -11.3 2.1 -5.4 -38.9
Denmark -10.5 53.9 -0.3 -11.2 -4.4 -10.1 -32.0 -2.2 0.8 -9.9
Estonia -16.5 141.7 -0.9 -0.8 -1.7 -7.3 -14.2 -0.4 -2.6 -14.4
Finland -9.3 20.0 -2.1 -0.4 -1.0 -6.7 -13.9 -1.9 3.9 -7.6
France -4.6 45.1 -0.6 -0.2 -9.2 -7.1 -24.3 -0.3 4.0 -22.1
Germany -5.4 38.0 -1.4 -3.6 -1.1 -8.0 9.1 -0.9 -3.2 -12.4
Greece -45 233.9 21 -8.5 -18.5 -10.6 -32.3 -0.2 -4.3 -31.9
Hungary -7.5 45.8 -2.9 -2.2 -10.2 -5.7 -17.3 -0.7 -0.5 -28.6
Ireland -32.9 116.4 6.6 -9.0 -30.8 -5.9 -14.5 5.0 -7.8 -34.9
Italy -3.0 60.0 0.2 -0.7 -15.7 -11.6 -20.8 -2.3 -5.4 -32.3
Latvia -22.4 96.4 -2.1 -4.3 -22.6 -5.8 -23.2 5.1 -5.8 -43.1
Lithuania -10.2 47.0 -0.7 -1.3 -5.3 -9.3 -20.8 -1.8 0.1 -14.7
Malta -15 84.6 -1.7 -1.1 -51.0 -9.3 -9.2 -0.9 -11.1 -26.3
Netherlands -1.3 17.9 0.2 0.0 -2.5 -6.8 -9.7 0.0 -3.7 -8.1
Poland -10.5 389.6 -1.1 -0.7 -16.2 -8.5 -16.2 -1.6 -5.3 -36.0
Portugal -7.5 43.0 -2.3 -2.7 -29.9 -12.9 -30.8 -1.9 -2.7 -39.9
Romania -15.3 60.5 2.2 1.7 -10.2 -2.9 -5.0 1.0 -4.6 -28.7
Slovakia -6.0 24.8 1.6 -0.5 -7.0 -6.6 -12.6 1.1 -2.9 -20.4
Slovenia -10.4 98.2 -10.6 -0.9 -15.6 -12.6 -40.4 -4.3 12.1 -14.0
Spain -3.6 182.7 -0.8 -1.9 -33.0 -11.6 -29.4 -0.3 -4.4 -41.5
Sweden -7.4 229 2.6 29 -4.7 -7.3 -8.7 3.1 -5.0 -24.7
United Kingdom -4.6 29.6 2.9 0.0 -15.0 -8.0 -17.0 3.6 -5.2 -24.3
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Figure 20 shows the regional distribution of incoefieects against the ND full reference.
It is evident that the income effects are quiteatieg for most regions.
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Figure 20. Regional variation of percentage incomfects for scenario ‘Optimal
combination’ relative to ND full 2020. (Bars illuate the distribution)
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Table 43 gives the changes of main componentgrafidtural income from the scenario
‘Optimal combination’.

Table 43: Contributions to agricultural income acdimg to CAPRI simulations for
combined low nitrogen feeding, balanced fertiliaatiand ammonia measures from TS

explorations (optimal combination) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unit value EAA Quantity

[million €] [€/1] [1000t]  [million €] [€/1] [1000 t]
European Union 27
Production value 426383 0.1%
Cereals 35863 106 339507 -6.8% -6.0% -0.8%
Other non fodder 157162 252 624354 0.1% -0.2% 0.4%
Fodder 18944 9 2144968 -1.9% 0.6% -2.5%
Meat 74266 1616 45947 2.4% 4.0% -1.5%
Other Animal products 59045 271 217684 2.1% 2.1% 0.0%
Other output 81103 164 494052 0.1% 1.7% -1.5%
Inputs 261324 4.3%
Fertiliser 39283 819 47951 -2.8% 0.0% -2.9%
Feedingstuff 72481 47 1545314 -8.0% -6.5% -1.5%
Other input 149560 281 532491 12.2% 11.0% 1.1%
European Union 15
Production value 370370 0.2%
Cereals 26627 111 240085 -6.3% -5.8% -0.5%
Other non fodder 140660 263 534942 0.1% -0.2% 0.3%
Fodder 15813 9 1767083 -1.8% 0.7% -2.5%
Meat 64587 1682 38401 2.3% 4.1% -1.7%
Other Animal products 50905 276 184382 2.2% 2.2% 0.0%
Other output 71777 173 413886 0.0% 1.7% -1.6%
Inputs 224756 3.9%
Fertiliser 31818 850 37423 -2.6% 0.0% -2.6%
Feedingstuff 63094 48 1325855 -8.0% -6.4% -1.7%
Other input 129845 289 448615 11.3% 10.3% 0.9%
European Union 12
Production value 56013 -0.4%
Cereals 9236 93 99422 -8.3% -6.8% -1.6%
Other non fodder 16502 185 89412 0.5% -0.3% 0.8%
Fodder 3131 8 377885 -2.2% -0.1% -2.1%
Meat 9679 1283 7546 3.0% 3.7% -0.6%
Other Animal products 8140 244 33302 1.4% 1.6% -0.3%
Other output 9326 116 80166 1.1% 2.1% -0.9%
Inputs 36567 6.8%
Fertiliser 7465 709 10528 -3.8% -0.1% -3.7%
Feedingstuff 9387 43 219458 -7.9% -7.1% -0.9%
Other input 19715 235 83876 17.8% 15.5% 2.0%

The market impacts are in part an overlay of theaiots from scenarios LNF10 (all farms)
and BALFERT, but the ammonia measures contributeaht® additional cost in the
livestock sector and tend to reduce supply anceas® prices. Meat prices are therefore
increasing by 4.1% rather than 2.7 % under ‘LNFIObait the drop in cereal prices is
very similar to the LNF10 scenario. On the inpuleswe may observe a decline in
expenditure on fertiliser and feedstuffs which isrenthan compensated by the additional
costs for ‘other input’.
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The change in agricultural income is one comporgrihe total change in ‘economic
welfare’ (Table 44).

Table 44: Contributions to the change in converdgloeconomic welfare according to
CAPRI simulations for combined low N feeding, ba&h fertilization and ammonia

measures from TS explorations (optimal combinatisnND full 2020 [million €]
EU27 EU15 EU12

Total -16959 -13589 -3370
Consumer money metric -3954 -3485 -469
Agricultural income -10831 -8119 -2713
Premiums -2 -24 21
Agricultural Output 536 783 -247
Output crops -2600 -1843 -757
Output animals 3136 2625 510
Output rest 0 0 0
Agricultural Input 11365 8878 2487
Crop specific Input -1120 -828 -292
Animal specific Input -5835 -5179 -656
Other Input 18320 14885 3436
‘Net' direct cost 11446 9001 2445
Profit of dairies 37 32 5
Profit of other processing -1993 -1816 -177
Tariff revenues 69 64 4
FEOGA first pillar 288 267 21

In this scenario market impacts would be most $icamt of course. There is a loss in
consumer welfare and a sizeable loss to the primgesadustry, in particular for
processing of oilseeds. Impacts on the budget aderte. The two caveats from above,
ignorance of additional administrative cost andlat monetised environmental benefits
apply as usual. As market impacts are smaller thater the LNF20 scenario (Table 41)
the ‘net’ direct cost better reflects total welfaest than above.

The key results from the CAPRI simulations are samired in Table 45

Table 45: Simulation results of low nitrogen feedibalanced fertilization and ‘optimal
combination’ measures vs. ND full 2020 in EU27

consumer total econ total CH4 total N20O

agric income welfare welfare total NH3 loss emisions emisions leaching
[m €] [m €] [m €] [kton] [kton N] [kton N] [kton N]
BALFERT -3058 -26 -3056 -53 -1 -19 -157
LNF10 all -6425 -2841 -11505 -203 53 -35 -120
LNF10 IPPC -397 -1450 -2437 -35 16 -6 -15
LNF20 all -8962 -16966 -31372 -436 -368 -80 -250
Opt combination -10831 -3954 -16959 -558 17 40 -266

abatement relative to welfare cost estimate
NH3 [g/ €] CH4 [g /€] N20 [g /€] leaching [g / €]
BALFERT 17 0 6 51
LNF10 all 18 -5 3 10
LNF10 IPPC 14 -7 2 6
LNF20 all 14 12 3 8
Opt combination 33 -1 -2 16
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With all caveats due to the significant uncertastit appears that balanced fertilization
achieves significant improvements on leaching atlenate cost whereas progress on
ammonia emissions would be quite moderate.

Low nitrogen feeding is less efficient in termsrefluced leaching but it is an important
ingredient of an overall strategy if sizable amnaoabatement is to be achieved. It is
evident that a great part of the economic lossoms by consumers. Price increases of
10% and more have been projected under the ambitiatiant of low nitrogen feeding
and the size of these price increases is parteotititertainties. Among other influences
they hinge on the unknown degree of consumer meées for EU produced meat which
determine the amount of pass through of additimust in the livestock sector. With
greater substitutability the economic losses wofai more on agriculture than on
consumers. When comparing the moderate (10%) gitlalthe more ambitious objective
of a 20% reduction the simulation results conforon intuition: Achieving a more
ambitious target involves a more than proportiomatesase in cost.

The optimal combination is shown to yield signifitacontributions at economic cost
between those of the BALFERT and LNF scenariosldaching and at lowest cost for
ammonia. Apparently the mix of ammonia targetingaswges selected for the RAINS
simulations was quite efficient in economic termhkis should be the case as economic
efficiency was guiding the selection proceduretifier RAINS model.

The economic costs do not encompass estimatesaddtiitional administrative cost in
EU and national administrations and advisory ses/i®©n the other hand the term total
welfare cost should not be read as implying thataverall economic balance is negative:
As we have not tried to put monetary values oratbetements achieved it is possible and
even likely that the overall balance would be pwsit There economic welfare cost
indicated are meant in a quite narrow sense therefod refer only to the conventional
welfare components.
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9. Discussion and conclusions

Implementation of low-protein animal feeding has luple beneficial environmental
effects. Our analyses indicates that a decrea$@%fin the protein content of the animal
feed on all farms will lower the NHemissions by 6% and the N leaching and emissions
of N,O by 4% relative to the ND full 2020 reference svém This indicates that low-
protein animal feeding has synergistic effects. rBasing the protein content of the
animal feed by 20% would further decrease the Blidissions by 11% and the N leaching
and emissions of XD by 6% relative to the ND full 2020 reference suem Hence, the
effects of the decreases in protein content argesigd to be linear.

Balanced N fertilization also has multiple beneficienvironmental effects. Full
implementation of balanced fertilization in thisidy (removing ‘over-fertilization’) was
equivalent to decreasing the N input via N ferditiby on average 9% and that via animal
manure by up to 6%, relative to the ND full 2020ference scenario. Balanced
fertilization (Balfert 2020) decreases the Némissions by 4%, N leaching by 11% and
the emissions of YD by 4% relative to the ND full 2020 reference sxem However,
balanced fertilization as applied in this studyn@ without cost for the farmer. It may
increase the risk of a decrease in crop yield. Hemmhore, areas with high livestock
density may be forced to lower the N content ofdhenal manure through low-protein
animal feeding or may have to treat the manurebdoable to implement balanced
fertilization and to utilize the nutrients in thaimal manure efficiently. The balanced N
fertilization measure has considerable perspectiveslecreasing the N loading of the
environment, but when applied too strict it can énasonsiderable agronomic and
economic effects as well. Further sensitivity araf/are needed.

Combined implementation of an optimal set of NEmission abatement measures
(RAINS optimized 2020) and balanced fertilizatio@gtimal Combination 2020’) has
also ‘far-reaching’ effects. It decreases thezNirhission by 19% relative to the ND full
2020 reference scenario to a level of ~ 2420 ktéhy Mom agriculture in EU-27. This
level is slightly below the target levels (~ 2450rkfor EU-25 and ~2650 kton for EU-27;
Aman et al., 2006b) needed to achieve the objextofethe Thematic Strategy on Air
Pollution in 2020. In addition, the Optimal Combiea 2020 scenario decreases mean N
leaching by 14% and mean® emissions by 3% relative to the ND full 2020 refee
scenario. However, the Optimal Combination 202(nade is not without cost for the
farmer. The annual cost of the RlEmission abatement measures have been estima&ed at
1.6 billion for the EU-25, in addition to the cosatready associated with current
legislation. Further, relatively large amounts afmare N have to be ‘neutralized’ through
a combination of low-protein animal feeding and or@ntreatment in some regions, at
considerable additional costs.

The results of the MITERRA-EUROPE and CAPRI simolas agree rather well. Though
the activity data are based on similar sourcesitbeéelling concepts are different. CAPRI
is an economic optimization model, while MITERRA-BEOPE largely is an empirical
factor model. Both models arrive at the conclusibat the identified most promising
measures can contribute greatly to the decreabe iamissions of NHand NO to the air
and the leaching of N to groundwater and surfacemsaHowever, these benefits are not
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without costs. The differences between the MITERRAROPE and CAPRI simulations
can be seen as a contribution to sensitivity aealys

The scope for lowering the total N excretion ofraais in the EU-27 by 10 to 20% is

based on the following combination of measures:

» lowering the protein content of animal feed, withaathout additions of specific amino
acids and improved phase feeding;

* improvement of the genetic potential of the herds, increasing the milk yield per
cow and the growth rate of pigs, poultry and be#fals; and

» lowering the replacement rate of dairy cattle, éasing the growth rate of young dairy
stock and lowering the age of the young stockrat Galving.

Considerable investments in demonstration, traifangners and research are needed to be

able to achieve an overall lowering of the proontent of the animal feed by on average

10-20%. The genetic improvements mentioned aboveldvbave to be on top of the

baseline increase in productivity. As it is uncledrether such improvements will come

about it may be questioned whether the 20% decreasechnically feasible on the

majority of farms.

In this study, it is assumed that lowering the Mrekion by 10% through low-protein
animal feeding decreases the N¢issions proportionally (i.e., by 10%). Howewbgere

is a considerable amount of empirical and theaktvidence that lowering of the N
excretion by 10% through low-protein animal feedderreases the NHemissions more
than proportionally (Kulling et al.,, 2001; 2003; dgierick, 2003; Flachowsky and
Lebzien, 2005; Jondreville and Dourmad, 2005; Msaittebal., 2005; Misselbrook et al.,
2005; Velthof et al., 2005). In addition, the matlable energy and the cation
composition of the diets affect the pH of the uramel the animal manure and thereby the
NH3; emissions too. This suggests that more precisaardiet prescriptions and more
precise model formulation for assessing the effettiet composition on NHemissions
are needed, to be able to fully capture the vae@angractice in the relationships between
animal feed composition, manure composition ang Bitdissions.

In addition to diet composition, high-technologicaleasures, such as the use of
antibiotics, antimicrobial agents, and certain gtotnormones could be used to lower NH
emissions, but these measures are not consideredbdezause of animal welfare reason
(these measures do not satisfy the criterion ostrpoomising’).

The available data do not allow to making a morecige estimate of the potential for
decreasing the N excretion by animals in the EU;2Ban the suggested rough mean of
10-20%. The accuracy of the estimated potentiatedese in N excretion is on the one
hand constrained by our limited knowledge of themah physiology and especially the
animal nutrition (the minimum requirement for amecids), and on the other hand by our
limited knowledge of current practice. The curredrmation in RAINS indicates that (i)
there is little variation in practice as regardse thean N excretion of dairy cattle, other
cattle, pigs and poultry among countries, and tfigt the N excretion of these main
livestock categories in the various countries is(eacessively) high. Hence, on the basis
of the RAINS database, there is only limited scfupadecreasing N excretion. In practice,
there appears to be a large variation between famntise N excretions of for example
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dairy cattle, pigs and poultry, suggesting roomléavering N excretion on at least some
farms (e.g., Hubeek and De Hoop, 2004). This vanabetween farms is averaged out in
the Member States means, and it is not always tiear the Member States arrived at
these means. The RAINS data also indicate thae tisevery limited scope for regional
differentiation in the scope for decreasing N etiore (but there is scope for regional
differentiation in the level of implementation .

The suggested decrease of the N excretion by aminyaloughly 10-20% in the next 10 to
15 years will be achieved only with proper inceesivincluding

- training and advising farmers;

- demonstration trials and demonstration farms;

- covenants with animal feed industry and farmers;

- research for improving the requirement of animals &mino acids and the

diagnosis of amino acids in diets.

The Nitrates Directive exerts a strong implicitentive to lower the N excretion rate of
livestock through its Code of Good Agricultural &ee, which states that the maximum
application rate of N via animal manure is 170 kgeé\ ha per year. This application limit
indirectly also limits livestock density and N egtion rate of the livestock (the lower the
N excretion per animal, the more animals can bet gy unit agricultural land).
Evidently, this incentive is most applicable to ntries and regions with a relatively high
livestock density.

For making more accurate assessments of the ptssipedowering N excretion through
further lowering of the protein content in the aalnfeed, it is recommended that a
thorough survey is being made of the animal feegnmagtices and animal performances in
the EU-27. A uniform methodology must be applieddstimating the regional variation
in N excretion by animals. The current N excretialues in RAINS are based on
estimates by country specialists, and it is unclelaether these estimates reflect indeed
the variation that occurs in practice. This holdsveell for the projected number of
animals for the next decades. More precise estsnatethe regional variation in N
excretion will also allow making more accurate resties of the potential for decreasing N
excretion by animals.

Our results indicate that balanced fertilizationaigpossible most promising measure.
There is scope for improving the N use efficientygiop production by more efficient use
of animal manure and fertilizers and hence by aelovertilizer N input. This holds
especially for the intensively managed crop productsystems (including forage
production) in many EU-15 Member States. Our edemadicates that N input in EU
agriculture can be decreased. Mosier et al (200ggested that increases in NUE of about
10-30 relative to present levels appear feasiblaany regions, through fine-tuning of the
N management. However, strict implementation ofibeéd fertilization has the risk of
lowering crop yield and quality. Because of thé&sigvolved of balanced N fertilization,

it would be worthwhile to explore the possibilitie using support to those farmers that
go beyond a less strict interpretation of balanfegtilization via the Rural Development
Regulation. This has been anticipated already m @APRI simulations where the
decrease of the overfertilisation factor has beegel but less than 100% to acknowledge
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that farmers may be reluctant to reduce fertilisput if the decline of yields cannot be
avoided anymore through more precise application.

There are various reports from EU Member Statesicatihg that significant
improvements have been made (and can be made rjuith® use efficiency and in
decreasing N surpluses in agriculture through abdoation of measures. Denmark is a
typical example in this case. The N use efficiemrtyDanish agriculture has increased
steadily during the last 10 to 20 years. The sugoéthe Danish case has been ascribed to
two factors, namely (i) mandatory fertilizer anagrrotation plans, with limits on the
amount of plant available N to be applied to défarcrops, and (ii) the statutory norms
for the fraction of manure N assumed to be plamilable. These two instruments have
been enforced stepwise between 1991 and 2004,aveddeen designed in close dialogue
with farmers and farmers associations. The reguratiare supported by extensive
information materials, demonstration, extension addcation. Also, extensive research
programs have been supported (Dalgaard, 2006)eRsitmilar success stories have been
reported for the Netherlands (Van Grinsven et28l05).

The lessons to be learned from the Danish casetaed cases is that a steady lowering of
N surpluses and a steady increase of the N uszesities can be made only following the
implementation of sound policies and measuresuduel the training of farmers and
extension services, and supported by extensivergsegrograms. Mosier et al (2004)
state that improvements in NUE require knowledgensive N management practices and
are brought about by:
- increased yields and more vigorous crop growthp@ated with greater stress
tolerance of modern crop varieties;
- improved management of production factors othen tNa(tillage, seed quality,
plant density, weed and pest control, balancedifation of other nutrients than
N; and
- improved N fertilizer and animal manure managemenbetter match the amount
and timing of applied N to crop N demand.
Prerequisites for implementing such practices &g they must be simple and user
friendly, involve little extra time, provide contsit gains in NUE and yield and are cost-
effective. Optimizing the timing, quantity and deadility of applied N is the key to
achieving a high NUE. They require suitable poBciand significant long-term
investments in research, extension and educatitom pblicies and investments need to be
regional specific, because of the different agtigal practices and priorities in different
countries.

There are possible future developments which maleri a possible decrease in the
protein content of the animal feed and in the Nilieer input in agriculture. This
hindrance is related to the development of theafid®o fuels. The increasing demand for
biofuels will compete to some extend with the dedhdor high-quality animal feed,
because there is hardly land unused in the wadrldag been suggested that an increasing
supply of low-quality by-products from the prodwcti of biodiesel and ethanol will
become available on the market. These by-prodiX5S) of the biofuel industry are
poor in energy and rich in protein and fiber (bavé low-quality protein), after the energy
has been distilled and removed. As a consequenegrotein content of the animal feed

108



may have the tendency to increase again in the fodare, when these trends become
noticeable. Also, the increasing acreage of bisfuell likely contribute to intensification
of agricultural production (on a smaller area, lwseaof the land used for biofuel
production). This further intensification of theramgltural production on a smaller area
may contribute to increased N emissions per unittiized agricultural area, even though
the total N emissions from agricultural productioay not increase necessarily.
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