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EXECUTIVE SUMMARY

I ntroduction

This Final Summary Report summarizes the main figsliof the service contract
“Integrated Measures in Agriculture to reduce AmmoEmissions”, issued by the
European Commission, Directorate-General Enviroimen (Contract
070501/2005/422822/MAR/C1). The general objectivthe service contract is to have
defined the most appropriate, integrated and ctargisctions to reduce nitrogen (N)
emissions from agriculture to atmosphere, groundmeatd surface waters. Specifically,
the objective istb have developed and applied a methodology allgwhe assessment
and quantification of the effects of various p@giand measures aiming at reducing
the impact of N losses from agriculture on wated amr pollution and climate change
Both ancillary benefits and trade offs of measurage to be identified. The impacts
and feasibility of the most promising measures havee analysed in depth. The terms
of reference of the contract is attached as Anntxthis report. This Summary Report
is based on four reports, which are attached agXemi, 22, 3* and 4.

The background of the service contract is the Thienttrategy on Air Pollution

(TSAP). In the TSAP, the European Commission oetlirthe strategic approach

towards cleaner air in Europe, and concluded amathgr that the emissions of

ammonia (NH) into the atmosphere have to decrease significafitd decrease the
emissions of NklIfrom agriculture, the following approaches werentified:

1) The National Emission Ceiling Directive (NEC) (20DR58/EC) will be reviewed in
2007 and emission reduction targets will be fixbdttare needed to meet the
environmental and health objectives of the Thenfatiategy on Air Pollution. In the
framework of the revision of the emission ceilinggler the NEC, integration of new
objectives for eutrophication, acidification and particulate matter are required.

2) A possible extension of the Integrated Preventind Bollution Control Directive
(IPPC) to include installations for intensive aatttaring and a possible revision of
the current thresholds for installations for theensive rearing of pigs and poultry.
The review of the IPPC is done parallel to the TatgerStrategy on Air Pollution.

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

! Annex 1: Velthof, G.L., D.A. Oudendag and O. Oen&@@7. Development and application of the Integrate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Contra@501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen

2 Annex 2. Oenema, O. and G.L. Velthof 2007. Analydilnternational and European Policy
Instruments: Pollution Swapping. Ammonia Servicenttact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen

% Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidiost Promising Measures. Ammonia
Service Contract 070501/2005/422822/MAR/C1, Tasklt&rra Report. Wageningen

4 Annex 4. Monteny, G.J., H.P Witzke and D.A. Oudsn@007. Impact assessment of a possible
modification of the IPPC Directive. Ammonia Servi€entract 070501/2005/422822/MAR/C1, Task 4.
Animal Science Group, Alterra Report. Wageningen.



During the preparation of the Thematic StrategyAarPollution, the desired integrated
approach was only partly taken into account, bexawstools were available to assess
for example the effect of measures taken to deerdfg emission on nitrate (N4D
losses to the aquatic environment. Also, no assassmvere available about the impact
of measures taken in the framework of the Nitrabesective to decrease nitrate
emissions to water, on the emissions ofsNhitrous oxide (NO) and methane (Cjito
the atmosphere. Further, the impact of the refofrth®@ Common Agricultural Policy
(CAP) on N use in agriculture and N emissions fragniculture were not addressed in
the preparation of the Thematic Strategy on AillR@n. Hence, further studies were
needed to be able to implement the integrated appreet out by the Thematic Strategy
on Air Pollution. The study reported here is atfistep towards implementing the
suggested integrated approach.

Nitrogen and agriculturein the European Union

Agriculture contributes on average about 80-90%h&ototal emissions of NHnto the
atmosphere in the 27 Member States of the Europeson (EU-27). Most of the NH
originates from animal manure in animal houses,urastorage systems and following
the application of animal manure to agriculturahda Mineral N fertilizers also
contribute to NH emissions. For accurate assessment of total éfikissions and NH
emissions abatement potentials, detailed informais needed about the effects of
agricultural practices and management on N inpots @utputs and N transformation
processes in agriculture.

Major sources of N in agriculture of the EU-aie shown in Table A. These sources
include mineral N fertilizers (about 10 Tg per yYeanimal manure (excreted about 10
Tg per year, of which 5 Tg is applied to agricudiuland and 3.5 Tg is dropped to to
land by grazing animals), biological Mixation (about 1 Tg per year) and atmospheric
N deposition (about 2 Tg). The N from animal mangrderived from animal feed and
can be considered as recycled N. Part of the eeatiidtis derived from imported animal
feed (about 7 Tg per year). The N from atmosphlrideposition can be considered
also as recycled N; about half is derived fromsNdthitted from agriculture and the
other half is largely derived from nitrogen oxid@$Ox) derived from combustion
sources.

Table A. Major sources of N in agriculture in thé Rlember States of the European
Union (EU-27) in 2000, in kton N (1 kton = 1 milickg 1 = Gg = 18 g). Source:
MITERRA-EUROPE.

N source Sub-total Total
kton N kton N

Applied N fertilizer 10748

Total amount of N excreted by domestic animals 7203

Animal manure N applied to agricultural land 4778

N excreted by animals during grazing 3560

Atmospheric N deposition 1977

Biological N fixation 823
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Livestock in EU-27 is dominated by cattle (bothrgaind beef), pigs and poultry. The
number of dairy cattle increased until the impletagan of the milk quota system in
the EU-15 in 1984, and decreased thereafter bytab¥uper year. Between 1961 and
2005, the numbers of pigs and poultry have incekdse 60 and 70%, respectively.
Political changes in central European countriestha early 1990s, the regional
incidences of animal diseases, and the implementaif governmental policies and
measures (Reform of the Common Agricultural Poliagd environmental directives
and regulations) have shaped these trends. ThHeatataunt of N excreted by livestock
in EU-27 was about 7-8 Tg in the early 1960s amdeased to 11 Tg in the late 1980s.
Thereafter, it tended to decrease again. Fertihzese was 4 Tg in 1960, peaked at 12
Tg in the late 1980s and was 10.7 Tg in 2000.

Only a fraction (on average 40-50%) of the N ingatfertilizers and animal manure to
agricultural land is utilized for crop productiofhe remainder is lost to the
environment. Emissions of N to the wider environtractur via various N species and
can lead to serious problems, including human healoblems and ecosystem
degradation. The volatilization of NHleaching of N@, and the emissions of di-
nitrogen (N), NoO and nitrogen oxide (NO) following nitrificationeditrification
reactions are the main N loss pathways from agdtoel About 80-90% of the NH
emissions, 50-60% of the,@ emissions and 40-60% of the N loading of surface
waters in the EU-27 originate from agriculture. Uiy A presents a notion of the
complexity of the N cycling and N transformatioropesses in agriculture. It shows
how N is cascading through agriculture and the remwnent, from the site of its
‘fixation’ (fertilizer industry, biological N fixation) via agriculture (where it
contributes to increased crop production) to therenment (atmosphere, groundwater
and surface waters, and terrestrial natural ecesyst where it contributes to a range
of ecological effects.

Atmospheric N, Nitrous Oxide || GHG balance

fixed to reactive (N,O)

e

@ Nitrogen oxides Ammonium nitrate
h (NO,) in rain (NH,NO,)

Ng

- i \ - Further emissio
Fertilizer of NO, & N,0
manufacture Ng (NHy) carrying on

Mﬂ % ’ the cascade

Crops for food &
animal feed

. Livestock farming Terrestrial Eutrophication
Nitrogen l & Soil Acidification
Cascade Leached Nitratd Aquatic Eutrophication

(NOy) Nitrate in
streamwaters

Figure A. The flow of nitrogen in agriculture acding to the ‘Nitrogen Cascade’.
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Developing a simple integrated approach: MI TERRA-Europe

The first task of the service contract dealt witb have developed and applied a
methodology allowing the assessment and quaniificabf the effects of various
policies and measures aiming at reducing the immddi losses from agriculture on
water and air pollution and climate changeThe methodology referred to is the
integrated assessment tool MITERRA-EUROPE, which been developed on the
basis of the existing instruments RAINS/GAINS antRRI.

The RAINS/GAINS model instrument (IIASAyww.iiasa.ac.at/rainy/is commonly
employed by European Commission to assess gassussi@ns into the atmosphere in
the EU, and has been used also during the preparatithe Thematic Strategy on Air
Pollution. Therefore, an intensive link and coopiera was developed during the
execution of the service contract between the atinso of the service contract and the
[IASA team working on RAINS/GAINS so as to achiegensistency in the use of
scenarios, emission factors and activity data. RB@NS/GAINS model has been a
cornerstone for MITERRA-EUROPE, and vice versa, FIRRA-EUROPE will be the
basis for the extension of RAINS/GAINS (so as ttowl RAINS/GAINS making
integrated assessments for agriculture in the futare). The model CAPRI (Common
Agricultural Policy Regionalised Impact; http://www.agp.uni-
bonn.de/agpo/rsrch/capri/capri_e.htimas been another cornerstone for MITERRA-
EUROPE. CAPRI is a regional economic optimizationdel, commonly employed by
European Commission to assess the effects of fample changes in the CAP and
WTO on agricultural production and economics.

MITERRA-EUROPE is a modelling tool for the assesstrad possible synergistic and
antagonistic effects of European and Internatigudicies and measures, including the
IPPC, NEC and Gothenborg Protocol (UNECE Ammoniat&iment Technologies),
the Nitrates Directive and Water Framework Diregtignd the possible measures of the
UNFCCC to decrease greenhouse gases from agrieulditithe scales of the EU-27,
Member States and regional levels (NUTS-2 and ditkulnerable Zones). Hence,
MITERRA-EUROPE can be used to fine-tune policy riagtents and measures aimed
at decreasing the emissions of N species from @guie. The results presented below
are based on model calculations by MITERRA-EURORHE @ part also by RAINS
and CAPRI. Results generated by MITERRA-EUROPEnaaide available through the
websitewww.scammonia.wur.nl

Assessment of synergies and antagonisms of emissions abatement measures

The implementation of single abatement technolofpesNH; emissions can lead to
slight increases in the leaching of N and the aeommssof NO, when no supplemental
measures are taken to correct for the increaseshi¢its of the animal manure (Figure
B; upper panel). However, when the last mentioneasure of the guidelines of the
UNECE Working Group on Ammonia Abatement Technadsgss taken into account,
the increased N leaching andONemissions will be prevented. This measure dedls w
‘Nitrogen management; balancing manure nutrientth vather fertilizers to crop
requirements’ and will lead to a correction in tb&l N application rate.

12



The effects of the implementation of N leachingtab@nt measures on N leaching and
on NH; and NO emissions are shown in the lower panel of Fiddir&ssentially all
measures taken to decrease N leaching have synefiects, i.e. the measures also
decrease the emissions of NHnd NO. Effects on Ch emissions are absent, and
therefore not shown. Balanced fertilization hasldrgest effects on N leaching losses
and also the largest synergistic effects.

change in emission, % compared with situation without measures B NH3 emission
ONO3 leaching
ON20 emission

30 ~

20 4

10 4

| [Hﬁfﬂy

-10 +
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-30 1

-40

Biofiltration Low NH3 Covered Stable Low nitrogen Incineration Urea NH3 package
application storage adaptation feed substitution
technique

Ammonia measures

change in emission, % compared with situation without measures

° == = O
] I
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Nitrate measures

Figure B. Potential effect of NHemissions abatement measures on changes in the
emissions of Ngland NO to the atmosphere and N leaching to groundwatst a

surface waters (upper panel), and potential eftédtl leaching abatement measures on
changes in the emissions of NEhd NO to the atmosphere and the N leaching to
groundwater and surface waters (lower panel), in-EUfor the year 2000. Results of
calculations with MITERRA-EUROPE
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Assessment of NEC and Nitrates Directive scenarios

Various scenarios have been examined in terms @sens of NH, N,O, NO and N

to the atmosphere, and leaching of N (mainly rét&tQs)) to groundwater and surface
waters. Also emissions of methane ({tdnd balances of phosphorus (P) have been
assessed. The scenarios have been defined by thepedn Commission, in
consultation with the IIASA team and the consortiufte scenarios related to the
National Emission Ceiling (NEC) Directive and thdrbtes Directive analyzed in task
1 of the service contract are listed in Table BfeRence year is 2000, the target year is
2020. It should be noted that scenarios are naligitens, but ‘narratives of alternative
future environments’. They are like hypotheses dfedent futures, designed to
highlight the risks and opportunities involved pesific developments.

Table B. Overview of the scenarios analyzed in Task

Scenarios Description

1. RAINS A 2000 National Projections baseline scien&or the revision of the NEC
Directive, 2000 (Amann M. et al., 2006)

2. RAINS A 2010 National Projections baseline scien#or the revision of the NEC
Directive, 2010 (Amann M. et al., 2006)

3. RAINS A 2020 National Projections baseline scien&or the revision of the NEC
Directive, 2020 (Amann M. et al., 2006)

4. RAINS optimized 2020 National Projections baseliscenario for the revision of the NEC

Directive, optimized to achieve the targets of Tiematic Strategy in
2020 (Amann M. et al., 2006)

5. ND partial 2000 National Projections baselinensgio for the revision of the NEC
Directive, 2000, including partial implementatiofitbe measures of
the Nitrates Directive (ND) in Nitrate Vulnerable@&s (Annex 1)

6. ND partial 2010 National Projections baselinenszio for the revision of the NEC
Directive, 2010, including partial implementatioh the measures of
the Nitrates Directive (ND) in Nitrate Vulnerablez&s (Annex 1)

7. ND full 2020 National Projections baseline se@ndor the revision of the NEC
Directive, 2020, including full (strict) implemeni@an of the measures
of the Nitrates Directive (ND) in Nitrate Vulneraafones (Annex 1).

8. WFD 2020 National Projections baseline scenégiothe revision of the NEC
Directive, 2020, including full (strict) implemenian of the measures
of the Nitrates Directive in Nitrate Vulnerable Zsnelus (strict)
equilibrium P fertilization on all agricultural ldnfollowing the Water
Framework Directive (WFD) (Annex 1).

Results of the scenarios are summarized in Tabkesd®D, and Figure C. The results of
the NEC Directive, Nitrates Directive and Water maeavork Directive scenario
analyses lead to the following conclusions:

» The NEC National Projection scenario (RAINS A 2020gnario leads to a ~10 %
decrease in NHemission in EU-27 in 2020 relative to the refeesryear 2000,
mainly due to a lower N fertilizer use and a lesgxX¢dretion (due to less domestic
animals). The leaching of N to groundwater andagfwaters decreases by ~9 %.
Differences between countries are large.

* The ‘optimized 2020 scenario’ defined to achieve tdrgets of the TSAP, lead to a
~21 % decrease in NHemission in EU-27 in 2020 relative to the refeeenyear
2000, mainly due to the implementation of ‘coskefive’ NH; emission abatement
measures. The leaching of N to groundwater andserfvaters decreases by 9%.
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The Nitrates Directive (ND) scenarios, especially implementation of the Nitrates
Directive (ND full 2020 scenario) and the WaterrReavork (WFD 2020 scenario),
have a strong effect on the N input via N fertitiamd animal manure, and hence on
total N losses. The ND full 2020 and the WFD 2028nsrios lead to a ~26 and 29
% decrease in N leaching in EU-27 in 2020 relativethe reference year 2000,
respectively. The NElemission decrease by 14 and 16% in the ND fulD2&d the
WFD 2020 scenarios, respectively.

Though effective in decreasing N leaching and gased (NH;, N.O and NQ)
emissions, the ND full 2020 and the WFD 2020 saesdrave significant effects for
agriculture. Strict implementation of the code obd@ Agricultural Practice and
balanced N fertilization according to the Nitrategective, and ‘equilibrium P
fertilization’ (in the WFD scenario) will decrea%ke room for N and P fertilizer use
and application of animal manure N and P’ in vasioggions in EU-27. Achieving a
strong decrease in the application of animal mamireand P will require a
combination of low-protein and low-P animal feedilag well as manure treatment
and disposal of the N and P outside agriculture.

The ND full 2020 and the WFD 2020 scenarios, asddfhere, greatly contribute to
achieving the targets of the Thematic Strategy onPAallution. As yet, the RAINS
optimized 2020 scenario developed to achieve th&PTtargets, did not include the
effects of the ND full 2020 and WFD 2020 scenaridkis suggests that new
optimizations runs may be needed, taking into agtthe measures of the Nitrates
Directive and the Water Framework Directive, todixe to calculate the most cost-
effective combination of measures.

Denitrification, with emissions of Nl N,O and NO as end-products, is the largest N
loss pathway in European agriculture, followed bydsNvolatilization, and N
leaching. Emissions of JO and NQ contribute little to the total N loss (but have a
significant environmental effect).

The NH; emission abatement measures of the UNECE Worknogiison Ammonia
Abatement Technologies are effective in decrealiHg emission but some of these
measures increase the emissions gD ldnd the leaching of N. The measures ‘low-
protein animal feeding’ and ‘N management’ have tnaential of inducing
synergistic effects, i.e., decreasing all N lossesultaneously. When the NH
emission abatement measures are implemented agatgd package and emphasis
is given to ‘overall N management’, the possibleagonistic effects may disappear.
The nitrate leaching abatement measures of thexthgrDirective are effective in
decreasing N leaching, but some have the potdntiacrease the emissions of jH
Assessments made by MITERRA-EUROPE indicate that mieasures of the
Nitrates Directive are effective in decreasing ldcleing and that the antagonistic
effects are relatively small. Overall, the nitrégaching abatement measures of the
Nitrates Directive (especially balanced fertilipat) have the potential of creating
synergistic effects.
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Table C. Summary of the calculated N\N¢inission in the scenarios explained in Table
B, in kton NH per year. Results are presented for agriculturd &or the total EU-25
and/or EU-27, using different modeling tools.

Model (literature source) RAINS(1) RAINS (1) RAINS (2) MITERRA (3) CAPRI (3)
Area EU 25 EU 27 EU 25 EU 27 EU 27
Sector Total Total Agriculture  Agriculture  Agriculture
Water Directives scenarios

Reference RAINS A 2000 3774 3976 3455 3488

ND partial 2000 3455

ND partial 2010 3086

ND partial 2020 3044
ND full 2020 2989 2983
Water framework D 2894

NEC national 2020 (RAINS A 2020) 3359 3600 3072 3132

(1) Klimont et al, 2007
(2) Amann et al, 2006
(3) this study

Table D. Summary of the calculated N leaching, simis of MO and CH, and the
phosphorus surplus in agriculture of the EU-27 lne scenarios explained in Table B,
in kton per year. Results of MITERRA-EUROPE.

Scenario N leaching, N,O, kton N CHy, kton  P-surplus,
kton N kton P,Os5
RAINS A 2000 2782 377 9848 3357
ND partial 2000 2575 368 9848 3336
RAINS A 2010 2595 382 9036 3115
ND partial 2010 2299 369 9036 3077
RAINS A 2020 2507 382 8840 2911
ND full 2020 1908 354 8840 2688
WED 2020 1830 346 8840 290

Assessment of most promising measures)
Task 3 of the service contract dealt with the idigattion and assessment of three ‘most
promising measures’ to decrease N emissions fromcudiyre. In order to be
considered as promising, the measures should pomdgo the following criteria:
() Co-beneficial effects for water, air, climate charagnd soil protection;
(i) Feasible in practice, notably from administratived aenforceability points of
view;
(i) Potentially acceptable by the farmers, notably ¥drat concerns costs and
additional efforts at farm level;
(iv) Compatible with the need for improved animal wedfar

Three (packages of) ‘most promising’ measures gmrelasing N emissions have been
identified and examined, namely (1) low-proteinnaai feeding (LNF), (2) balanced N
fertilization (Balfert), and (3) a combination ofalanced N fertilization and NH
emission abatement techniques (Optimal combinatiihthree packages of measures
combine a decrease of N input into agriculture wittreasing the N use efficiency. All
three packages of measures were ‘translated’ ggnagios, as indicated in Table E. For
the package of low-protein animal feeding, four-sabiants have been defined.

16



Table E. Overview of the scenarios analyzed in Bask

Scenarios Description
1. ND full 2020 National Projections baseline scenario for the siewi of the NEC
(Reference scenario) Directive, 2020, plus full (strict) implementatiarfi Nitrates Directive

in extended areas of Nitrate Vulnerable Zones (Arijex

2. LNF 10%, ‘all’ farms, 2020 ND full 2020 (see aled\plus low-protein animal feeding that leads to
a 10% decrease in N excretion, applied to ‘all-(®8D%) farms.

3. LNF 10%, IPPC farms, 2020 ND full 2020 (see abmhas low-protein animal feeding that leads to
a 10% decrease in N excretion, applied to IPPCdamty

4. LNF 20%, ‘all farms, 2020 ND full 2020 (see abpphis low-protein animal feeding that leads to
a 20% decrease in N excretion, applied to ‘all-(®8D%) farms

5. LNF 20%, IPPC farms, 2020 ND full 2020 (see abmhas low-protein animal feeding that leads to
a 20% decrease in N excretion, applied to IPPCdamty

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

7. Optimal Combination, 2020  Rains optimized 2028e(Table 2.6) plus Balfert 2020

Justification for lowering the protein level of aral feed was based on literature and
modelling studies. There is scope for decreasiegptiotein content of the animal feed
by on average 10 to 20% in practice, within a 1@®@oyears period, but the rate of
implementation of such was varied between MembateSt(range 50-100%). The
scenarios assessed in task 3 of the service comatrashown in Table E. Justification
for implementation of balance fertilization outsibi@rate Vulnerable Zones was also
based on literature and modelling studies. Juatiia for the optimal combination
scenario was based on a previous IIASA study. Hiereénce scenario for the most
promising measures is the ND full 2020 scenaridiceted in Table B. The target year
for all scenarios is 2020. Results of the scenartessummarized in Tables F, G and H,
and Figure B.

Implementation of low-protein animal feeding (LNH)as multiple beneficial
environmental effects. The analyses indicate thakeerease of 10% of the protein
content of the animal feed on ‘all’ farms will lomtne NH; emissions by 6% and the N
leaching and emissions oL@ by 4% relative to the ND full 2020 scenario. Beaging
the protein content of the animal feed by 20% wotudher decrease the NH
emissions by 10% and the N leaching and emissibNs® by 7%.

Table F. Summary of the calculated N¢ission in the scenarios explained in Table
D, in kton NH per year. Results are presented for agriculturéhefEU-27 only, using
the modeling tools MITERRA-EUROPE and CAPRI.

Model MITERRA CAPRI
Area EU 27 EU 27
Sector Agriculture  Agriculture
Most promising measures

ND full 2020 Reference 2989 2983
ND full 2020 + LNF 10% 2833 2810
ND full 2020 + LNF 10% IPPC 2959 2952
ND full 2020 + LNF 20% 2657 2575
ND full 2020 + LNF 20% IPPC 2925

ND full 2020 + Balfert 2873 2838
ND full 2020 + Optimal combination 2416 2363
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Table G. Summary of the calculated N leaching, gionis of MO and CH, and the
phosphorus surplus in agriculture of the EU-27 lie scenarios explained in Table B,
in kton per year. Results of MITERRA-EUROPE.

Scenario N leaching, N,O, kton N CHy, kton  P-surplus,
kton N kton P,Os5
ND full 2020 1907 354 8840 2688
ND full 2020 + LNF 10% alll 1838 341 8840 2708
ND full 2020 + LNF 10% IPPC 1893 350 8840 2660
ND full 2020 + LNF 20% alll 1769 328 8840 2731
ND full 2020 + LNF 20% IPPC 1878 347 8840 2669
ND full 2020 + Balfert 2020 1700 338 8840 2346
ND full 2020 + Optimal combination 1634 344 8844 2380

Table H. Summary of the changes in agriculturalome, and consumer and total
welfare in the EU-27, relative to the changes inssions of NH, N,O and CH and in
N leaching, for a selection of most promising scers. Results of CAPRI.

consumer total econ total CH4 total N2O

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

Full implementation of balanced fertilization (Batf 2020) in this study (removing
‘over-fertilization’) was equivalent to decreasitige N input via N fertilizer by on
average 9% and that via animal manure by up toréfative to the reference scenario
(ND full 2020). Balanced fertilization outside Nite Vulnerable Zones (Balfert 2020)
decreases the NHemissions by 4%, N leaching by 11% and the emissa NO by
4% relative to the ND full 2020 reference scenarowever, balanced fertilization as
applied in this study is not without cost for tlerer (Table H). Agricultural income
decreases by ~3 billion euro per year, becausbeofissumed cost to implement this
measure (demonstration, extension services, sdilcapp analyses, etc.). It may also
increase the risk of a decrease in crop yield.Heurtareas with high livestock density
will be forced to lower the N content of the animiadanure through further
implementation of low-protein animal feeding orrfears in these areas may have to
treat the manure, to be able to implement balarfedilization and to utilize the
nutrients in the animal manure efficiently. Thedraded N fertilization measure has
considerable perspectives for decreasing the Nirlgaof the environment, but when
applied too strict it can have considerable agrdncamd economic effects. Further
sensitivity analyses are needed here.
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Figure B. Summary of the gaseous N losses anddlilggalosses from agriculture in
the scenarios of taskl and 2, as described in BaBland E.
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Combined implementation of an optimal set of \#inission abatement measures and
balanced fertilization (‘Optimal Combination 202&3s the most ‘far-reaching’ effects.
It decreases the NHemission by another 19% relative to the ND fulkQQeference
scenario to reach a level of ~2416 ktondNkdm agriculture in EU-27 (Table F). This
level is below the target levels (~2450 kton for-B® and ~2650 kton for EU-27)
needed to achieve the objectives of the Thematatetty on Air Pollution in 2020. In
addition, the Optimal Combination 2020 scenarioréases mean N leaching by 14%
and mean pD emissions by 3% relative to the ND full 2020 refece scenario (Table
G). However, the Optimal Combination 2020 scenarimot without cost for the farmer
(Table H). The annual cost of the BlHmission abatement measures have been
estimated by IIASA at € 1.6 billion for the EU-2By addition to the cost already
associated with current legislation. Combinationttefse measures with Balfert 2020
decreases agricultural income to 10.8 billion eoeo year (Table H). Relatively large
amounts of manure N have to be ‘neutralized’ thhoagcombination of low-protein
animal feeding and manure treatment and manureosh$pin some regions, at
considerable additional costs.

For making more accurate assessments of the ptsspaclowering N excretion
through lowering of the protein content in the aalirfeed, it is recommended that a
thorough survey is being made of the animal feegiagtices and animal performances
in the EU-27. A uniform methodology must be applied estimating the regional
variation in N excretion by animals. Lowering N estwon through further lowering of
the protein content in the animal feed and thraugtroving the genetic potential of the
herd are key for areas with relatively high livestalensity.

There are also possible developments that may hadecrease in the protein content
of the animal feed. For example, the increasingatehfor biofuels will compete with
the demand for high-quality animal feed, becausgeths hardly land unused in the
world. Increasing the acreage of biofuels will &se the cost of animal feed (because
of competition) and will contribute an increasingpply of low-quality by-products
from the production of biodiesel and ethanol onrtiegket. These by-products (DDGS)
of the biofuel industry are poor in energy and richprotein and fiber (but have low-
quality protein). As a consequence, the proteintaxgdnof the animal feed and N
excretion may have the tendency to increase agaimei near future (and the emissions
of NHj3 likely too).

Increases in the interest in biofuel will also e&se the area of biofuel crops, such as
rapeseed, as is currently the case in a numbereaiidr States (e.g. Germany, Poland).
Increased areas of biofuel will likely also contrié to increases in total fertilizer N use.
This trend is opposite to the trend of decreasertlizer use in the ND full 2020 and
Balfert 2020 scenarios. In short, there is considier uncertainty about the future
developments in fertilizer use and the protein enhof the animal feed.

20



Assessment of | PPC scenarios

In task 4, an extensive inventory has been madkeohumber of farms and number of
animals falling under the regime of the IPPC DirextNext, an assessment has been
made of the effects of changes in the thresholtisesafor the number of animals for
IPPC farms, using four scenarios including the resfee scenario (Current threshold
and full implementation of the Nitrates Directiv8he threshold values are shown in
Table [; the calculated changes in Néiissions are shown in Table J.

The contribution of IPPC pig and poultry farms tleé total NH emissions is relatively
large, because of the large percentage of anir@@l$o(80%) that fall under the IPPC,
depending also on threshold. The results of theCIB&enarios indicate that lowering
the thresholds for poultry and pig farms and inglgccattle rearing under the IPPC has
the potential to decrease the Naimmonia emission by 26 to 113 kton per year. The
results also indicate that “low-Nkemission-manure-application” has to be included as
a Best Available Technique (BAT) in IPPC permitsitezrease the ‘Nkl trapping
efficiency’. The ‘NH; trapping efficiency’ of permits decreases when {RPC
thresholds are lowered. When “low- BHemission-manure-application” is not include
as BAT in the permit, the ‘N¥itrapping efficiency’ is in the range of 1800 to0B7kg
NH;3 per permit, depending on the choice of the thrigshd&Vhen “low-NH-emission-
manure-application” is included as BAT in the pdyrthe ‘NH; trapping efficiency’ is

in the range of 4000 to 8000 kg hhkber permit, depending on the choice of the
thresholds.

Table I. Thresholds values for the number of angniad IPPC farms in the four
scenarios; current IPPC and SCE1, SCE2 and SCE3.

Animal species Scenarios 2020

Current IPPC SCE1 SCE2 SCE3
Fattening pigs > 2000 > 2000 > 1750 > 1500
Sows > 750 > 750 > 675 > 600
Hens > 40000 > 27500 > 25000 > 20000
Broilers > 40000 > 37000 > 32000 > 27000
Dairy cows - > 450 > 400 > 350
Other cattle - > 1000 > 850 > 700

Table J. Summary of the changes in agriculturabme, and in consumer and total
welfare in the EU-27, relative to the changes inssions of NH, N,O and CH and in
N leaching for a selection of IPPC scenarios. Rssoll CAPRI.

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]
IPPC1 -240 -236 -532 -47 5 7 -1036
IPPC2 -392 -471 -980 -63 5 8 -5
IPPC2 + more LNA -482 -640 -1239 -107 5 12 -3
IPPC3 -558 -686 -1425 -85 4 9 -7
IPPC3 + more LNA -655 -877 -1712 -138 4 304 -5

abatement relative to welfare cost estimate
NH3 [g/ €] CH4 [g/ €] N20 [g/ €] leaching [g / €]
IPPC1 88 -10 -13 1947
IPPC2 65 -6 -8 5
IPPC2 + more LNA 86 -4 -10 3
IPPC3 60 3 -6 5
IPPC3 + more LNA 81 2 -177 3
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The effect of including the BAT for manure spreagitLow Nitrogen Application,
LNA) under the IPPC ranges from 44 - 61 kton, deloggnon the scenario. The lowest
value of this range (44 kton) is related to implaetimg LNA on installations already
falling under the current scope of the IPPC DirextiThe largest value (61 kton) is
observed for the IPPC3 scenario. The estimatedcteduof 44 — 61 kton is in good
agreement with the reductia@stimated with RAINS by IIASA (around 50 kton for
Scenario IPPC1).

A uniform base for poultry farms falling under tHePC can be derived from total N
excretion. Such base would give the following thadds for poultry farms: broilers:
40,000 (no change); laying hens: 30,000; ducksOa®}, and turkeys: 11,429. Using
these thresholds, around 900 extra poultry farmsldvéall under the IPPC, bringing
the total to 17,000 IPPC farms for all animal specilrhe additional emission reduction
is around 10 kton when LNA is included.

Recommendations to policy

* The measures dealing with N input control in thérddes Directive (Balanced N
fertilization) and the UNECE — CLRTAP and the IPB@ NEC Directives (protein
content of the animal, integrated N managementlshioe the guiding and overall
arching principles of measures aimed at to decreasssions of Ngland NO and
the leaching of N.

* The implementation and enforcement of the measafrése Nitrates Directive must
be jointly with those of Ammonia Abatement Techrpés of the UNECE -
CLRTAP and the IPPC and NEC Directives, so asrmuaivent pollution swapping.

e In addition to NH emission ceilings and limits, input limits for Nofn animal
manure and N@concentration in groundwater and surface watbesgetis scope for
formulating targets for N use efficiency for spesif farming systems. Such targets
for N use efficiency have the advantage of progdinmeasure for an integrated N
input control and for N losses to the environment.

* Providing incentives via Rural Development measucethe N use efficiency for
specified farming systems provides opportunitieséavarding those farmers that go
beyond certain standard criteria and thereby denrgaN losses in an integrated
way.

* Animal welfare regulations for animal housing slibble combined with NHand
N.O abatement measures andN€éaching abatement measures

* In addition to spatiakoningof areas with high nature values and/or vulnerable
NOjsleaching (within the context of the Nitrates Diligetand the Birds and Habitats
Directives), there is scope for spatdnningof N polluting agricultural activities in
areas that are less vulnerable. This can be relealan given the trends towards
conglomerating large, specialized and intensivengain areas with cost-specific
advantages.

* The role of the agro-complex (suppliers, farmerscessing industry and retailers)
has so far received little or no attention in dasmneg N losses from agriculture. This
is surprising, as the agro-complex and especialppkers, processing industry and
retailers play a dominant role in (the developmaitagriculture. It is suggested to
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explore the potentials of the agro-complex in inwong N use efficiency and
decreasing N losses from agriculture.
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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@ddsod and
feed production, though not equally on all contisgi®mil, 2000; 2001). This increased
food and feed production allowed the human poputato double and the number of
domestic animals to triple between 1960 and 200@edasts suggest further increases
in human population and animal numbers in the raoig80 to 50%, respectively,
suggesting the need for increasing amounts of @vailN (Bruinsma, 2003; Mosier et
al., 2004). Current global N fertilizer use is ab80 billion kg (80 Tg), but not more
than 50% of this N is utilized by the crop whileethremainder is dissipated into the
wider environment (Mosier et al., 2004). On averagemore than 30% of the amount
of N excreted by livestock (globally 100 - 130 Tey year) is utilized by the crop, while
the remainder is dissipated into the wider envirentn(Smil, 1999; Oenema and
Tamminga, 2005).

The 27 Member States of the European Union (EUdg@ about 4 Tg fertilizer N in
1960 and about 12 Tg in the late 1980s when fegtiluse peaked. In 2002, fertilizer
use in EU-27 was about 10.5 Tg (FAOstat, 2006). fot@®l amount of N excreted by
livestock in EU-27 was about 7-8 Tg in the ear6Q® and increased to 11 Tg in the
late 1980s. Thereafter, it tended to decrease agaabout 10.3 Tg in 2000. With a
human population (490 million in 2005) of less tha@% of the global human
population, EU-27 has a relatively large sharéhenuse of N fertilizer (13%) and in the
N excreted by animals (~10%). In addition, ther iaputs in EU-27 via biological N
fixation ~2.2 Tg), atmospheric deposition (~7.3 ,Tghd imported products (7.6 Tg)
(Van Egmond et al., 2002). Only a small part oftibtal N inputs is effectively utilized
and/or exported; the greater part is lost to thdewenvironment.

Emissions of N to the wider environment occur v@ious N species and can lead to

serious problems related to human health and emosysdegradation. The

volatilization of ammonia (Ngj, leaching of nitrate (N¢), and the emissions of di-

nitrogen (N), nitrous oxide (MNO) and nitrogen oxide (NO) following nitrification-

denitrification reactions are the main N loss patisvfrom agriculture. Apart fromJN

the N species mentioned are often termed “readliveas they are biologically, photo

chemically and/or radiatively active N compoundsli@vay (2003) and Galloway et

al. (2002) made an integral analysis of the causéect relationship between the

creation of reactive N and a sequence of enviromaheffects, the so-called nitrogen

cascade. Observed environmental and human heéditieefnclude (e.g., Galloway et

al., 2002; AEA Technology Environment, 2005):

* Decrease of human health, due toN&hd NQ induced formation of particle
matter (PM.s) and smog,

* Plant damage through Ntnd through NQinduced ozone formation;

» Decrease of species diversity of natural areas tduél enrichment through
atmospheric deposition of NHnd NQ;

» Acidification of soils because of deposition of N&hd NQ

» Pollution of ground water and drinking water duaivate leaching;

24



» Eutrophication of surface waters due to N enrichinégading to excess and
possibly toxic algal blooms and a decrease in feamna floristic species diversity;

* Global warming because of emission gf\and

» Stratospheric ozone destruction due N

About 90% of the NKlemissions, 60% of the ® emissions and 40 to 60% of the N
loading of surface waters in the EU-15 originatenfragriculture (EEA, 2002; EEA,
2005). Emissions of N from agriculture to the widmvironment are decreasing in
many Member States from about the 1990s onwardserhissions from other sources
(industry, households, and waste water treatmdraeg¢ seen a stronger decrease than
those from agriculture during the last decades (EF85).

Figure 1 presents a notion of the N cycling and rBingformation processes in
agriculture, according to the so-called ‘Nitrogesis€ade’. It emphasizes the net ‘linear’
flow of N from its site of fixation (fertilizer indstry, biological N fixation) via
agriculture (where it contributes to increased cpypduction) to the environment
(atmosphere, groundwater and surface waters, arebtieal natural ecosystems), where
it contributes to a range of ecological effectsshibws the many different and also
adverse effects of N lost from agriculture into émvironment.

Atmospheric N, Nitrous Oxide f| GHG balance

fixed to reactive (NZO)

it N
ﬁ Nitrogen oxides Ammonium nitrate
h N (NO) in rain (NH,NO,)
R
- i \ - Further emissio
Fertilizer of NOX_& N,O
manufacture Ng (NH,) carrying on
Mﬂ % ‘ the cascade

Crops for food &
animal feed

The A

. Livestock‘férﬁ]ing Terrestrial Eutrophication
Nitrogen l & Soil Acidification
Cascade Leached Nitrate Aquatic Eutrophication

(NO;) Nitrate in

streamwaters

Figure 1. The flow of nitrogen in agriculture acdamg to the ‘Nitrogen Cascade’ (after
Galloway et al., 2002).
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In response to the environmental side effects @& thcreasing N losses from
agriculture, especially during the period 1960-198€ries of environmental policies
and measures has been implemented in the Europdan (EU) from the early 1990s
onwards (e.g., Romstad et al., 1997; De Clercqlet2801). These policies and
measures specifically aim at decreasing the emmissad NH; to the atmosphere, the
leaching of N@ to groundwater and surface waters, and the emsb greenhouse
gases, notably XD, CH, and CQ to the atmosphere.

Currently, the use of N from animal manure andilieers in agriculture and the
emissions of N from agriculture to the environmarg regulated directly or indirectly
by four categories of EU policies and measures:
I. Air quality related Directives and climate chang®iqy (Thematic Strategy
on Air Pollution, NEC Directive, IPPC Directive, IAQuality Directive,
Kyoto Protocol);

il. Water Framework Directive, including the Nitratesirddtive and
Groundwater Directive;

iii. Common Agricultural Policy (CAP), and especiallye tiheform of CAP,
including Cross Compliance, Agri-Environmental aRdral Development
Regulations; and

V. Nature conservation legislation, the Birds and kkbiDirectives

Further, the Expert Group on Ammonia Abatementhef United Nations Economic
Committee for Europe (UNECE) promotes the use ef ‘thdvisory Code of Good
Agricultural Practice for Reducing Ammonia EmisstnThis UNECE Group works in
close collaboration with members participating INEP, which is the Co-operative
Programme for Monitoring and Evaluation of the Laagge Transmission of Air
Pollutants in Europe. The expert group aims at awimg the quality of ammonia
emission inventories, comparing national inven®ri@rojections and abatement
strategies, and has developed the Guidance Docuorentontrol Techniques for
Preventing and Abating Emissions of Ammonia
(http://www.unece.org/env/aa/welcome.htm

There is increasing awareness that the large nuofljmolicies and measures might not
be the most efficient way of decreasing N emissidviereover, there is increasing
awareness that measures aiming at decreasing tksi@ms of one N species or one N
loss pathway may increase the emission of anothspéties and/or another N loss
pathway, when the policies and measures are ndicisatly integrated. The
importance and relevance to consider the N cycla a®ole and in an integrated way
for policy development was recently highlighted ay through the Nanjing
declaration Ifttp://www.initrogen.org/nanjing_declaration.0.hjndn N management.
Such an integrated approach has to address alspiptros (P) and methane (gtnd
carbon dioxide (Cg emissions, because the cycling and transformatiércarbon (C)
and phosphorus (P) are intimately linked to nitrage

In its Thematic Strategy on Air Pollution, the Epean Commission outlined the
strategic approach towards cleaner air in EuropE(Q(C2005). To decrease the
emissions of NKlinto the air, the following approaches were ikt
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1) The National Emission Ceiling Directive (NEC) (200258/EC) will be reviewed
in 2007 and emission reduction targets will be ditkat are needed to meet the
environmental and health objectives of the Thenfatrategy on Air Pollution. In
the framework of the revision of the emission ogjéi under the NEC, integration
of new objectives for eutrophication, acidificatiand for particulate matter are
required. In response, new scenarios forzNdthission ceilings have been
developed by the end of 2006 (Amann et al., 20@886b) as well as new
guidelines for the national programs required urniderDirective.

2) In the context of the general review of the IntéggaPrevention and Pollution
Control Directive (IPPC), a possible extension bE tdirective to include
installations for intensive cattle rearing and agle revision of the current
thresholds for installations for the intensive negrof pigs and poultry. The
review of the IPPC is done parallel to the Them&tiategy on Air Pollution.
Evidently, this review will have consequences far Thematic Strategy.

3) In the context of the Rural Development Regulatmmthe period 2007-2013, the
Commission encourages Member States to make falbtishe measures related
to farm modernisation, meeting standards and agvo-anment to tackle Nk
emissions from agricultural sources.

During the preparation of the Thematic StrategyAorPollution, the desired integrated
approach was only partly taken into account, bexawstools were available to assess
for example the effect of measures taken to deerbig emission on nitrate losses to
the aquatic environment. Also, no assessments weadable about the impact of
measures taken in the framework of the Nitrategdive to decrease nitrate emissions
to water, on NH, N,O and CH emissions. It was felt that an integrated apprdadhe
N-cycle should also consider the obligations sétbyuthe Water Framework Directive
(2000/60/EEC) to achieve a good status for all wh{e2015. These obligations may
have as implication the need to decrease N angbirsnnto agriculture via fertilisers
and animal manure beyond the levels currently reduito be able to tackle water
pollution and euthrophication satisfactorily andaithieve good status of all water by
2015. Further, the impact of the reform of the Canmgricultural Policy (CAP) on N
use in agriculture and N emissions from agricultuwvere not addressed in the
preparation of the Thematic Strategy on Air Polinti Hence, further studies were
needed to be able to implement the integrated appreet out by the Thematic Strategy
on Air Pollution.

This Report summarizes the results of the AmmoreaviBe Contract “Integrated
measures in agriculture to reduce ammonia emissiaesued by the European
Commission, DG-Environment (Contract 070501/2008822/MAR/C1). This Final
Summary Report is based on four underlying rep@itsnexes 1, 2, 3 and 4). The
general objective of the Ammonia Service Contractto have defined the most
appropriate integrated and consistent actions tduee various environmental impacts
(notably water, air, climate change) from agricukll (see call for tender in Annex.5)
Specifically, the objective ist6é have developed and applied a methodology allpwin
the assessment and quantification of the costst@deffects of various policies and
measures aiming at reducing the impact of N logsa® agriculture on water air
pollution and climate chane The Ammonia Service Contract was signed on 21
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December 2005 (official starting date). The InteriRReport was submitted by 21
September 2006, and the draft Final Report by 2baky 2007. The draft final report
was discussed in Brussels on 14-15 February 20@Y tleereafter revised. The Final
Report was submitted by 21 March 2007, the reviSsadl Report by 31 May 2007.

This Final Summary Report is structured accordimghe five tasks of the Ammonia
Service Contract. Chapter 2 describes the developarel application of an integrated
approach for the assessment of policies and measnr&U-25+. It starts with a
summary of the modelling tool MITERRA-EUROPE thatasvdeveloped for the
purpose of this study and presents the resultstefrated assessments of four scenarios
(Task 1). Chapter 3 summarizes the main findingthefqualitative assessment of the
main International and European policy instrumehtg have an influence on the use
and emissions of N from agriculture. Emphasis ims tassessment has been on
synergistic and antagonistic effects, i.e., thaiteptial to influence the emissions of
other pollutants than the target pollutant of tlediqy instrument (Task 2). Chapter 4
describes the results of an in-depth assessmenbsif promising measures to decrease
the emissions of N from agriculture in an integdaég@proach. In this assessment, use
has been made of MITERRA-EUROPE, and the modeltom) CAPRI, which is
commonly used for assessing the effects of chaimgiee® Common Agricultural Policy
on agriculture in the EU-25+ by the University afri (Task 3). Chapter 5 summarizes
the results of an Impact assessment of possibléficattbns of threshold values for the
number of pigs and poultry per farm in the IntegdaPrevention and Pollution Control
Directive (IPCC Directive). It also discusses tHee@s of the possible inclusion of
cattle rearing under the IPPC, in terms of numlidaions and animals and in terms of
decreases in the emissions of );N,O and CH (Task 4), using MITERRA-EUROPE
and CAPRI. Chapter 6 briefly summarizes the intitwas with the stakeholders during
the execution of the Ammonia Service Contract (Sta@kder consultation, presentations
and workshops; Task 5). Finally, chapter 7 discsigbe overall conclusions of the
Ammonia Service Contract.

The RAINS/GAINS model instruments, developed by thternational Institute for
Applied Systems Analysis (IIASAyww.iiasa.ac.at/raingiare commonly employed by
European Commission (DG ENV) to assess gaseousiemssinto the atmosphere in
the EU, and the effects of various (policy) scersmon these emissions. As a result, an
intensive link and cooperation has been set-up dmtwhe consortium of the Ammonia
Service Contract and the IIASA team working on RAISAINS so as to achieve
consistency in the use of scenarios, emission ffacémd activity data between
RAINS/GAINS, MITERRA-EUROPE and CAPRI. Basicallyhet gaseous N emission
module of MITERRA-EUROPE is based on RAINS/GAINShile the integrated
approach implemented in MITERRA-EUROPE will be thesis for the extension of
RAINS/GAINS to allow integrated assessments by RH:BGIAINS. However, the
actual extension and implementation of new algor#hn RAINS/GAINS fall outside
the scope of the Ammonia Service Contract. A spessvice contract between
European Commission and IIASA covers the implentetaof the results of the
Ammonia Service Contract into RAINS/GAINS.
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2. Development and application of an integrated appach
2.1. Introduction

This chapter summarizes the results of task 1 ‘[dgweent and application of an
integrated approach’ of the Ammonia Service Conirélee aims of this task have been
described in the call for tender of the Ammoniavi&er Contract (see Annex 5), and can
be summarized as follows:
To develop a simple, integrated model (includintapgeters and data), which allows to
make bridges between on one hand the grid/counpgraach as developed in
RAINS/GAINS and on the other hand the differeniezasms defined in the nitrate
directive, and which has to be used subsequentihéassessment of
(i) the impact of measures/technologies aiming at rieguammonia emissions
as integrated in the RAINS/GAINS model on nitratéssions and,
(i) the effects of the EU Nitrate Directive at 3 levaismplementation on N4
N-O and CH emissions.
The simple, integrated model (including parametarsl data), has to be made
available to the European Commission.

In the call for tender of the Ammonia Service Cantr the European Commission
emphasized that the approaches and results of ANSRGAINS model from IIASA
must be taken as the starting point for the devety and application of the simple,
integrated model. This is so because the Commissasused the RAINS/GAINS
model as a basis for the Thematic Strategy on AlluRon, and the Commission will
use RAINS/GAINS again for the review of the NEC liogis. Therefore, it was
considered important to ensure a good understandmd) compatibility with the
RAINS/GAINS model and to use and build bridges lsmwthe information, results and
approaches of the RAINS/GAINS model and the sinmtiegrated model that needs to
be developed. This holds especially for the griditoy approach in RAINS/GAINS
and the linked models (such as the atmosphericitpoll dispersion model EMEP) and
on the other hand the different zones as defingldarNitrates Directive. In addition, all
the calculations have to be made at the EU-254 Evé have to be made for the same
years (2000, 2010 and 2020) as those used in theHSAINS model.

The first paragraph of this chapter describes thesldpment of the ‘simple integrated
model MITERRA-EUROPE, and compares the results 6TBBRRA-EUROPE with
those of RAINS/GAINS. Draft versions of MITERRA-EUWRE have been reviewed
and discussed intensively with the partners and@@ubactors of the consortium, and
have led to the inclusions of various improvememd feedbacks in the model, relative
to the versions presented in the Interim and DFafal Reports. These changes have
made the model more robust, but also less simpile.SEcond paragraph describes the
scenarios and the background of the scenariosefased in joint meetings in Brussels
with representatives of the European Commission #ued IASA-team. The third
paragraph presents results of the scenarios. Dadkground) information for this
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chapter can be found in Annexdf this Summary Report. MITERRA-EUROPE and its
databases and scenarios have been made availabbeigh the website
www.Sscammonia.wur.nl

2.2 Development and application of MITERRA-EUROPE

The model MITERRA-EUROPE is derived from the exigtimodels RAINS/GAINS
(see Amann 2006a; 2006bywww.iiasa.ac.at/rais and CAPRI {www.agp.uni-
bonn.de/agpo/rsrch/capri/capri_e.htnmsupplemented with additional modules and
databases. MITERRA-EUROPE has four modules, namely:

e an input module with activity data and emissiortdes,

* a module with (packages of) measures to mitigate éhission and N@leaching,

» a calculation module, and

e an output module.

The data-base is on regional level (NUTS-2 (Nonmncé of Territorial Units for
Statistics, http://ec.europa.eu/eurostat/ramon/nuts/introduactiegions_en.htrpl and
HMSUs (Homogenous Spatial Mapping Units)) and idekdata about land use, crop
types, crop yields for 2000, soil type, topograghuestock numbers, fertilizer N and P
use, etc. The emission factors for )HN,O, NOx and CH are derived from the
RAINS/GAINS model (Klimont and Brink, 2004), so sismaintain consistency in the
assessments of gaseous emissidie NO and CH emission factors are based on
IPCC (Mosier et al., 1998). Leaching fractions besed on an extensively literature
review and calculated by MITERRA-EUROPE as functmntopography, soil type,
land use and climate, as reported in Annex 1.

The following N leaching pathways in soils are adased:
* Leaching from stored manure
* Runoff from agricultural soils
» Leaching below rooting depth in agricultural sodssed into
o0 Leaching to larger surface water via subsurface flo
0 Leaching to deep groundwater + small surface waters
For the leaching from stored manure, a distincisomade between solid manure (dung,
with or without litter) and liquid manures (slursje and between sealed and unsealed
floors and between covered and uncovered stordggsresults in a total of 8 leaching
factors, ranging from 0-10% of the amount of N Ire tmanure. Surface runoff is
calculated from the applied amounts of fertilized ananure, a maximal surface runoff,
and a set of leaching factors.

I—Fsurface runoff— LFsurface runoff, max* fIu *MIN (f ps frc, fs)

In which

® Annex 1: Velthof, G.L., D.A. Oudendag and O. Oengéi@7. Development and application of the Integtate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Contra@501/2005/422822/MAR/C1, Task 1.
Alterra Report. Wageningen
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(@)

LFsurtace runofi= leaching fraction for runoff in % of the N apgdi via fertilizer and
manure (including grazing);

L Fsurface runoff, maxthe maximum leaching fraction for different slapasses;

fiu = reduction factor for land use or crop;

fo = reduction factor for precipitation;

fs =reduction factor for soil type;

fic =reduction factor for depth to rock;

O O O O0OO0o

Leaching below rooting depth in agricultural sedscalculated from the N surplus and
various correction factors. The leaching factiof,(In % of the corrected N surplus) is
calculated as:

LF = LFso|| typeY max* ﬂU * MIN (fp, fr, ft, fC)

The corrected N surplus is defined as
Total N input- total N output — NBHlemissiog,; — NbO emissiogy - surface runoff

where

» total N input = N input via fertilizer, manure,aging, atmospheric deposition,
and biological N fixation

» total N output = N removed via harvested crop

* NH3 emissiog,; = NHz emission from soil applied fertilizer, manure, and
grazing

* N0 emissiog, = NoO emission from soil applied fertilizer, manureagng,
atmospheric deposition and biological N fixation

» surface runoff = surface runoff of fertilizer anénure

Figure 2.1 provides an overview of the calculagwacedure in MITERRA-EUROPE.

The following calculations are carried out:

. The total N excretion is calculated for each NUT&¥r2a, using the number of
animals per animal category and the N excretion gr@mal category, and
summed for all animals and animal categories;

. Part of the N is excreted during grazing and pathe N is excreted in housing
systems and subsequently stored in manure stoyatgnss;

. Gaseous N losses (NHN,, N.O, NOy) from housing and storage systems are
calculated using housing system’ and manure stasggEm’ specific emission
factors;

. Leaching from manure storage is calculated usingwumea storage system’
specific leaching fractions;

. Corrections are made for manure that is treatedxported (and not used in
agriculture);

. Gaseous N losses (NH\,, N.O, NOx) from soils are calculated, using source-

specific emission factors (manure, grazing, fexdili atmospheric deposition,
biological N fixation, mineralization);

. Surface runoff from the different N sources in sas calculated with soil,
hydrology and topography specific surface runatfrons;
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The net N mineralization of drained peat soilsakcglated, i.e. mineralization
minus accumulation of N;

The N uptake by the crop is calculated, as functibi input via N fertilizer,
animal manure, crop residues, biological N fixatiatmospheric deposition, etc.
and climatic conditions;

The N removal via harvested crop and the amouritl ah crop residues are
calculated,;

The N surplus of the solil is calculated from th&ldN input, the N removal via
crops, and gaseous N losses and surface runaffthie different N sources of
soils (manure, grazing, fertilizer, atmosphericaion, biological N fixation);
The N surplus is divided in leaching below the nogtzone and denitrification,
using leaching fractions as function of soil typel @limate (leaching fraction =
1 — denitrification fraction).
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Figure 2.1. Calculation procedure of MITERRA-EURORIEows indicate N flows and
the partitioning of the N flows over various N spsemissions. The letter ‘F’ indicates
the emission factors for gaseous emission, therléttindicates the leaching fractions,
D the denitrification fraction, and R the runofaétion. Grey circles indicate the origin
(source) of information. The sources are RAINS, RIWBnd CAPRI Dynaspat. Service
contract means that the data/calculation is deriuethe current project (see Annex 1).
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The reference year is 2000. Measures that are mgrited will start from the situation
in 2000. MITERRA-EUROPE calculates emissions on ISt level, the level of
Nitrate Vulnerable Zones (NVZ), country level and-B5+ level. In total 27 countries
are included. Croatia and Turkey are not includestause the required activity data
and emission factors are only partly available. Eeer, good progress has been made
with collecting regional activity data in Turkeywart et al., 2007)

The calculated NElemissions with MITERRA-EUROPE are similar to thasdéculated
with RAINS. This holds for emissions from animal muge and fertilizers (Figures 2.2
and 2.3). However, the estimates of MITERRA-EURQGIPE slightly lower (on average
5%), because of a slight difference in the calooatprocedure. In MITERRA-
EUROPE, corrections are made for N losses via lagcforganic N, NH and NQ)
and denitrification (NQ, N>O, and N) from animal manure storage systems. As a
consequence, less manure N is applied to the sdihance less NHs emitted to the
atmosphere (when using equal emission factors)teliseample evidence in literature
for N losses via leaching and denitrification fraanimal manure storage systems,
suggesting that RAINS/GAINS should also make suclrections. For mineral N
fertilizer, the slight differences in NfHemission are due slight differences in the amount
of applied N fertilizer, because of different datarces (see AnneX)1

600 1 ammonia emission from manure, kton per year
H RAINS

OMITERRA-EUROPE

500 ~

400 ~

300 -

200 -

100 ~

0
AT BL BG CY CzZ DK ES EE FI FR DE GR HU IR IT LV LT LU MT NL PL PT RO SK SI SE UK

Country

Figure 2.2. Ammonia emission from manure (housst@yage, and soil) in 2000
calculated with MITERRA-EUROPE and RAINS.

® Annex 1: Velthof, G.L., D.A. Oudendag and O. Oen&@@7. Development and application of the Integrate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Contra@501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen
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160 1 ammonia emission from fertilizer, kton per year
B RAINS
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Country

Figure 2.3. Ammonia emission from mineral N fezéifiin 2000 calculated with
MITERRA-EUROPE and RAINS.

The calculated nitrate concentrations in the soilitson below the rooting zone have
been compared with maps showing nitrate conceatratin groundwater and surface
waters at monitoring stations in the EU-15 (Zwartak, 2006). Such comparison is
hampered by the fact that MITERRA-EUROPE does mabant (yet) for N removal
below the rooting zone in the soil, for N removal Surface waters, and for lateral
transport of groundwater and surface waters. Howehe comparisons indicate that
the patternsof the nitrate concentrations according to MITERRBROPE are rather
similar to those of the groundwater monitoringista in the EU-15.

Regional patterns and total amounts of the emissainN,O and CH also compare
reasonable well with literature data (e.g., Smithle 2004; Freibauer et al., 2003), but
further checks are needed. MITERRA-EUROPE can atsess various scenarios and
the affects of various emission abatement measanelsthe results of these assessments
compare well with the Nlemissions results generated by RAINS/GAINS.

Summarizingthe integrated approach of MITERRA-EUROPE allaegroducing the
NH3 emissions results generated by RAINS. It is alsle & calculate the effects of
measures and technologies that aim at reducing ésiissions on N leaching, as well
as the effects of measures that aim at reducingddhing on Nkl N,O and CH
emissions. The measures can be implemented at EUe2Bl, at country level and at
regional levels (NUTS-2 and/or Nitrate Vulnerablengs, NVZs), and the results can
be generated also at these different scales.ntgifunality is high and it is programmed
transparently and systematically according to 1&Ddards, but it is not as ‘simple’ as
initially suggested. It has become availablewvaw.scammonia.wur.nl
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2.3. Tracing uncertainties

MITERRA-EUROPE is derived from existing models (RS and CAPRI) and data
bases (Eurostat and FAO), supplemented with a nesthod to calculate N
transformations and loss pathways (mineralizatibenitrification, N uptake by the
crop, N leaching to groundwater, surface waterpfiyrand effects of measures on these
loss pathways. Moreover, a new method for theiligion of N fertilizer and manure
over crops has been developed. A large number taf staurces have been used and
combined, and various assumptions had to be made.

Crop yield, area and number of animals are derfvech data bases as Eurostat and
FAO. The major uncertainties here are the areastangields of grassland. Different
types of grassland use can be considered (intdpsiv@naged, extensively managed,
rough grazing, natural). These types of grasslarahgly differ in N input (fertilizer
and manure) and yield. The treatise of these gmgslin the databases affects the mean
estimated emissions per surface area (emissionshgesr per kif). For example,
considering rough grazing (very extensively managessland) as agricultural land,
will ‘dilute’ the N emission expressed per ha agltieral land. This is especially the
case for countries with a large area of rough ggzA considerable amount of time
was inv7ested to arrive at reasonable estimateleo&teas of grassland as discussed in
Annex I.

Crop yield and N content of the crop determine thefftake via harvested products
and thereby also the N surplus. It is well-knowatttihe N content is dependent on the
input of N, but this is mostly not included in mégléhat calculate N balances at country
level. In MITERRA-EUROPE a new approach has beetuded to account for the
effect of N input on the N content, but there isacl scope for improvement of this
approach. These data also affect the ‘balancedtMzation’ concept. The ‘balanced N
and P fertilization’ concepts in MITERRA-EUROPE drased on a straightforward
interpretation of the definition of ‘balanced fération, i.e.,

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

This concept was applied to all Member States égushe amount of ‘available N’
was derived from the total N inputs of all soureesl their availability fractions, while
corrections were made for ‘unavoidable N losseke Tptake efficiency for all crops
was set at 25%, i.e. we assumed that the rooteeafrbps were not able to take up 25%
of the calculated amount of available N. Sensiivdéinalyses were made, also to
differentiate among various crops, and it turnetitbat this uptake efficiency factor is a
sensitive factor. However, in this report only désare shown for an uptake efficiency
of 25%.

" Annex 1: Velthof, G.L., D.A. Oudendag and O. Oengéi@7. Development and application of the Integtate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Contra@501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen
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The calculation of emissions of NHN,O, NOx, and CH and the effects of NH
emission abatement measures on these emissionler@ved from the RAINS/GAINS
model. Data about number of animals and N excretioe also derived from
RAINS/GAINS. These data are mainly derived from sidtation of experts from
member states. This approach has the risk of intiod ‘personal bias’ and also
inconsistency in approaches and data between Mer8tees. Another point for
discussion is the calculation of Ni#missions as function of total N excretion, while
there is increasing empirical evidence that the Biission is related to the ammonium
content (“TAN”) and the pH of in the manure. Furthew protein animal feeding and
changing the ratio of easy-degradable carbohydtatdse crude protein content of the
animal feed affects the total N excretion but als® TAN content and the pH of the
animal manure. As a consequence, we believe tleaeffiects of low protein animal
feeding on NH emissions may be underestimated by MITERRA-EUROPE.

The leaching module of MITERRA-EUROPE is developedhe basis of desk studies,
data bases and expert knowledge. Data about smilepies, climate and crop were
derived from the CAPRI Dynaspat project. All maiechanisms that affect leaching (N
surplus, crop types, rainfall, soil types, slopeg @ancluded in the model. Leaching
fractions have been derived at HSMU level, butugrescaled and presented at NUTS |l
level only, because the N input via fertilizer amdnure is derived at NUTS-2 level.
The model considers only the processes on thesadihce and in the top soil. As a
consequence, the calculated leaching losses masepmsent the N concentrations in
surface waters and groundwater.

The implementation of the nitrate leaching abatdmmeerasures was derived from
information of Action Programmes of EU-15 Membeat8s as summarized by Zwart et
al. (2006). The measures and implementation of oreasin countries had to be
‘translated’ to input for MITERRA-EUROPE, by whigimplification had to be made.
However, it is uncertain how measures are realjyl@mented in practice. This suggests
that consultation with experts from the various NbemStates is needed to verify the
assumptions made in MITERRA-EUROPE.

Various preliminary assessments were made of satisg and uncertainties in
MITERRA-EUROPE that relate to assumptions and datarces. The main factors
have been identified. However, further sensitidtyd uncertainty analyses are needed,
using e.g., Monte Carlo simulations. This wouldwailidentifying the most sensitive
factors more precise and thereby would allow faogidurther improvements of the
model on these factors and assumptions. Monte Qadthods suppose that the
uncertainty of the model inputs, variables and p&tars can be characterized by their
distribution functions and their correlations. &, simulations can be carried out with
randomly selected set of values from the distrdngifunctions to assess the variance of
emission estimates (see Janssen et al., 1992; ibg &fral., 2003).

Summarizing the uncertainty in the emission estimates istivaly large. The
uncertainty in the animal numbers per Member State been estimated at 5 to 10%,
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while the uncertainty in the N excretion per anircategory per Member State is in the
range of 10-20%. The uncertainties in the emistotors for NH, and especially NO,
N2O and N and in the leaching factors for N and P are eaegel than the uncertainty
in the activity data (range 0-100%). The latter ertainties mainly relate to the poor
information about the actual manure managementastice (e.g., Menzi, 2002) and
farm management in practice, the complex biogeoat@®mrocesses involved and the
many emission controlling factors. The uncertagtie the final emission estimates
increase in the order: EU-27 < Member States < N@TSNitrate Vulnerable Zones
(NVZ). Hence, estimates are most accurate at th@ Elével and least accurate at level
of NVZ. The uncertainty at the NVZ level mainly ginates from the lack of suitable
activity data (number of animals, fertilizer uses, etc.). The uncertainty range in the
overall emission estimates can be assessed usimgeMzarlo simulations, but these
assessments have not been made yet, becausetwhéheonsuming calculations with
current model.
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2.4. Description of the scenarios

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

risks and opportunities involved in specific deysfents. Scenarios are not
predictions; instead, scenarios are an approabblppmanage the inherent uncertainties
by examining several alternatives of how the futoight unfold, and compare the

potential consequences of different future contéStearer, 2005).

Within the Ammonia Service Contract, various scesahave been examined in terms
of emissions of N (and CHand P) from agriculture in EU-27 to the environten
Basically, one main scenario (“National Projectiobaseline scenario for the revision
of the NEC Directive, Amann, et al., 2006b), andiaas sub-scenarios or variants
derived from the main scenario have been examiHegever, for reasons of clarity
and ease of writing, both the main scenario andtitrescenarios are termed ‘scenarios’
in this report.

The ‘National Projections baseline scenario’ isctiéed in detail by Amann et al.,
2006b). It is based on bilateral consultations wWitkmber States in 2006, agricultural
developments derived from CAPRI, fertilizer projent by European Fertilizer
Manufacturing Association (EFMA), and projectionsvdloped by the Food and
Agricultural Organization (FAO). For the EU-25 asvhole, these national projections
anticipate between 2000 and 2020 for cattle a X8epe decline in livestock numbers
(dairy cattle drops by about 18 percent and betfieday about 10 percent), for sheep a
reduction by 10 percent and a four to five pergeatease in the number of pigs and
poultry. While these national projections reflelae tlatest governmental views of the
individual Member States on the future agricultudavelopment, there is no guarantee
for Europe-wide consistency in terms of assumptmm&conomic development trends,
and national as well EU-wide agricultural policiéamann, et al., 2006b). This
‘National Projections baseline scenario’ for 20@2Q is abbreviated in this Report to
‘RAINS A 2000, ‘RAINS A 2010’ and ‘RAINS A 2020'.

In its Thematic Strategy on Air Pollution (CEC, 3)0the European Commission has
established environmental interim targets for thary2020 to guide the ambition level
of further measures to reduce the impacts of diufian in Europe. The choice of the
policy targets relied on the analyses conductecutite Clean Air For Europe (CAFE)
program. The targets have been expressed in ternetative improvements compared
to the situation as it has been assessed for tre2®0 (Table 2.1). These targets have
been used subsequently to identify cost-effectets sf emission abatement measures
that would meet these objectives in 2020, using NNRGAINS and the National
Projections baseline scenario. The National Prigestbaseline scenario (RAINS A
2020) with the cost-effective sets of emission alnt measures to meet the
objectives of the Thematic Strategy on Air Pollatim 2020 is abbreviated in this
Report as ‘RAINS optimized 2020°. Underpinning ftvis scenario is described in
Amann, et al. (2006b).
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Table 2.1. Environmental targets of the Thematiat&8gy on Air Pollution for the year
2020, expressed as percentage improvements relatitree situation in the year 2000
(after Amann et al., 2006b, p. 85).

Unit of the indicator Percentage
improvement
compared to the

situation in 2000

Life years lost from particulate matter (YOLLs) # of years of life lost 47 %
Area of forest ecosystems where acid deposition km’ 74 %
exceeds the critical loads for acidification

Area of freshwater ecosystems where acid deposition km’ 39 %
exceeds the critical loads for acidification

Ecosystems area where nitrogen deposition exceeds km’ 43 %
the critical loads for eutrophication

Premature mortality from ozone # of cases 10 %
Area of forest ecosystems where ozone km’ 15%

. .. ~ 1
concentrations exceed the critical levels for ozone”

Note: 1) This effect has not been explicitly modelled in RAINS. The environmental improvements resulting
from emission controls targeted at the other effect indicators have been determined in an ex-post analysis.

Table 2.2. The removal efficiencies for ammonia éach of the N emission
abatement option in RAINS (table 5.1 in Klimont &nk, 2004).

Removal efficiency [%0]

Abatement option Application areas Animal house  Storage Application  Grazing
Low nitrogen feed Dairy cows 15 15 15 20
(LNF) Pigs 20 20 20 n.a.

Laying hens 20 20 20 n.a.
Other poultry 10 10 10 n.a.
Biofiltration (BF)” Pigs, poultry 80 n.a. n.a. n.a.
Animal house Dairy cows 25 80 n.a. n.a.
adaptation (SA) Other cattle 25 80 n.a. na.
Pigs 40 80 n.a. n.a.
Laying hens 65 80 n.a. n.a.
Other poultry g5 80 n.a. n.a.

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

Low NH; application Dairy cows, other

(LNA_low/high) cattle, pigs, poultry, n.a. na. 20/80 na.
sheep [solid waste]
Dairy cows. other

cattle. pigs na. n.a. 40/80 na.
[liquid manure]
Urea substitution (SUB) Fertilizer use 80-93
Stripping/adsorption Industry 95
Manure incineration Other poultry ~60
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The NH; emission abatement options in RAINS are shownahld 2.2 (after Klimont
and Brink, 2004). There are 8 options and theiefficy of the options in decreasing the
NH3; emission ranges from 10 to 80%. For some counthasges to these efficiencies
are made as RAINS allows for country-specific rduunc efficiencies. These
efficiencies are then based on consultations wational experts during the work on the
scenarios for Gothenburg Protocol (UNECE workingugr on Ammonia Abatement
Technologies).

Table 2.3. Total ammonia (NH3) emissions in ktoktth = 1 Gg = 16 kg = 10 g)
from all sources per country in the reference y2800 (RAINS A 2000), and in the
year 2020 following the National Projections baseliscenario (RAINS A 2020), the
optimized scenario to meet the targets of the ThierB&rategy on Air Pollution for the
year 2020 (RAINS opt.2000), and the ‘maximum redacscenario’ (RAINS MRR
2020) (after Amann et al., 2006b).

Country RAINS A 2000 RAINS A 2020 RAINS opt. 2020 RAINS MRR 2020
Austria 60 59 44 37
Belgium 85 81 76 73
Cyprus 7 7 6 5
Czech Rep. 84 74 64 62
Denmark 90 74 52 43
Estonia 9 10 9 7
Finland 35 26 24 21
France 702 636 474 399
Germany 601 449 391 374
Greece 54 46 36 34
Hungary 77 83 62 54
Ireland 125 91 79 77
Italy 425 384 327 272
Latvia 13 14 9 9
Lithuania 37 39 28 25
Luxembourg 6 6 5 5
Malta 2 3 3 2
Netherlands 149 138 123 117
Poland 317 316 245 208
Portugal 76 68 52 43
Slovakia 31 30 27 18
Slovenia 20 20 14 14
Spain 390 364 270 219
Sweden 55 50 50 37
UK 328 265 225 210
Bulgaria 70 65 65 nd
Romania 151 145 145 nd
EU-25 3777 3332 2694 2364
EU-27 3999 3543 2905 2365
Agriculture EU-25 3455 3072 2452 2123

Table 2.3 presents the Ni#missions per country in the EU-27 as well assiina of
EU-25, from all sources in the reference year 2&00 in 2020 following the National
Projections baseline scenario, the optimized stet@ameet the targets of the Thematic
Strategy on Air Pollution for the year 2020 and theaximum reduction scenario’
according to the calculations of RANS/GAINS (Amagtnal., 2006b). The ‘maximum
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reduction scenario’ assumes the implementation IbfN&l; emissions abatement
measures according to RAINS. For the EU-253Mhhissions in 2020 have decreased
by 445 kton (1 kton = 1 Gg = 1&g = 10 g) relative to 2000 according to RAINS A
2020 and by 638 kton according to RAINS opt. 20P@e RAINS MRR 2020 gives a
maximum decrease of 938 kton relative to the refmzg/ear 2000. Total NdEmissions

in EU-25 in the year 2020 have to be in the rarfg&760 kton to achieve the objectives
of the Thematic Strategy on Air Pollution. For t8g-27, this will be about 2900 kton.
The contribution of agriculture in the EU-25 rangesm 90 to 92% of the total
emissions in the scenarios (Amann et al., 2006b).

It has been considered that the effects of thd) (faiplementation of the Nitrates

Directive and the Water Framework Directive havea been taken into account

(sufficiently) in the National Projections baseliseenario (RAINS A 2000-2020).

Therefore, another set of scenarios was develogechveonsider the implementation

of the Nitrates Directive (ND) and the Water Fraroeg Directive (WFD). The

measures of the Nitrate Directive were consideigalieable only to the areas where

action programs of the Nitrate Directive apply. $&are also called Nitrate Vulnerable

Zones (NVZs). The possible nitrate leaching abatemeeasures are derived from the

Nitrates Directive (Code of Good Agricultural Piaes) and are as follows:

» Balanced N fertilizer application based on soillgsia, expected N mineralisation,
weather conditions, and crop demand;

« Maximum manure N application standard of 170 kg & pa (except where a
derogation applies);

* No fertilizer and manure application in winter amelt periods;

« Limitation to fertilizer application on steeplyoging grounds;

* Manure storage with minimum risk on runoff and segn

» Appropriate fertilizer and manure application teiques, including split application
of nitrogen fertilizer,

* Prevention of leaching to water courses and ripaz@nes buffer zones;

e growing winter crops;

For implementation of the Water Framework DirectWVgFD) it is assumed that the

following measures apply:

e Full implementation of measures of the Nitrate Dinee in Nitrate Vulnerable
Zone;

* Equilibrium phosphorus (P) fertilization, to decseathe risk on P leaching to
surface water. Equilibrium P fertilization meanattR input via animal manure and
fertilizer = P output via harvested crops. This swra is applied to all agricultural
land in all Member States equally.

The decrease in N leaching following the implemgota of the nitrate leaching

abatement measures of the Nitrates Directive aaileded by MITERRA-EUROPE,

on the basis of solil, crop, climate and managemmemnditions. Hence, the decrease in N
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leaching is soil-, crop-, climate- and managemeetgic. The procedure for
calculating the decrease in N leaching is describefgtail in Annex 1

The measures of the Nitrates Directive are apphielg to all designated areas, where
Action Programs apply, because the measures ofNitr@ate Directive are only
mandatory here. Some Member States have desigpatedr whole of the territory as
Nitrate Vulnerable Zone (NVZ) and apply Action Praigns to these NVZs, while other
Member States have designated the whole territariynot as NVZs, and consider the
Action Program simply applicable to this territohg.this study, we simply assume that
all designated areas have Action Programs and ttietmeasures of the Nitrates
Directive are applicable to these areas. For reasdnsimplicity and to facilitate
reading, we simply abbreviate these areas as NWithin the EU-15, there are 34
different Action Programs for NVZs and these ActiBrograms are revised each four
years, depending on the M@oncentrations in groundwater and surface watadstlze
eutrophication status of surface waters.

Table 2.4. Surface areas of NVZ in Member StatethefEU-15 in 1999 and 2003, in
1000 knf. Source: JRC, copied from Zwart et al. (2006)

Member
State Total land area NVZ area
% of total

1999 2003 land area
AT 83.9 83.9 83.9 100.0
BE 30.5 1.8 7.2 23.6
DE 357.0 357.0 357.( 100.0
DK 43.1 43.1 43.1 100.0
EL 132.0 14.0 10.6
ES 506.0 26.0 55.4 10.9
FI 338.1 338.1 338.1 100.0
FR 544.0 197.9 239.7 441
IE 69.8 69.8 100.¢
IT 301.3 5.7 18.4 6.1
LU 2.6 2.6 2.6 100.(¢
NL 415 415 41.5 100.0
PT 91.9 0.2 0.3 0.3
SE 441.3 41.6 67.1 15.2
UK 244.0 5.8 79.9 32.7
EU 3227.0 1145.2 1418.0 43[9

An overview of the Action Programs for the repagtperiod 2000-2003 is presented by
Zwart et al. (2006). These Action Programs havenlstadied to estimate the decrease
in leaching in the reference year 2000, relativeah® National Projections baseline

8 Annex 1: Velthof, G.L., D.A. Oudendag and O. Oen&@@7. Development and application of the Integrate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Contra@501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen
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scenario (RAINS A 2000). This scenario is abbrexdads ND partial 2000. The surface
areas of the NVZs in 2000 are presented in Table Ror the year 2010, greater
compliance to the Nitrates Directive was assumeadilence a greater decreases in N
leaching losses (ND partial 2010), but the NVZ are@re considered to be similar to
those in 2000 (Table 2.4). For the year 2020, veiraed full implementation of the
Nitrates Directive (ND full 2020). Moreover, it wassumed that the area of NVZs had
been extended, on the basis of information obtafn@u Joint Research Centre JRC
(Table 2.5). In the ND full 2020 scenario a strinterpretation of balanced N
fertilization was assumed, i.e., input of availallérom all sources = N demand by the
crop for optimal growth. If the input of availableexceeds the N demand by the crop,
the N input via N fertilizers (according to the aatatistics) was lowered till input of
available N = N demand by the crop. In areas with Hivestock density, also some
manure N had to be removed to be able to satisty dbjective of balanced N
fertilization. It was assumed that the excess mamas processed and that the N and P
were removed to elsewhere, and/or that low-protaid low-phosphorus feeding of
livestock decreased the amounts of excreted N atodtfie level that all manure N and
P can be applied to land within the limits of balaa fertilization.

Table 2.5. Expected surface areas of NVZ in coestof the EU-27 in 2020, in % of
total Agricultural area. Source: JRC

Area NVZ, Area NVZ,
Country % Country %
Austria 100 Italy 27
Belgium 61 Lithuania 100
Bulgaria 0 Luxembourg 100
Cyprus ? Latvia 13
Czech 38 Malta ?
Germany 100 Netherlands 100
Denmark 100 Poland 2
Estonia 7 Portugal 10
Spain 21 Romania 0
Finland 100 Sweden 49
France 53 Slovenia 100
Greece 19 Slovakia 38
Hungary 45 United Kingdom 81
Ireland 99
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The Water Framework Directive (WFD) scenario (WFD2@) assumed full
implementation of the ND (in NVZs only) and equiliom P fertilization on all
agricultural land. To be able to achieve equilibrie? fertilization, the P input via P
fertilizer was decreased till P input via fertilizegnd animal manure = P demand by the
crop. In areas with high livestock density, alssmeamanure had to be removed to be
able to satisfy the objective of equilibrium P figration. It was assumed that the excess
manure was processed and that the N and P were/eenm elsewhere. An overview of
the scenarios analyzed in Task 1 of the Ammoniai&eContract in presented in Table
2.6.

Table 2.6 Overview of the scenarios analyzed irk Tasf the Ammonia Service
Contract

Scenarios Description

1. RAINS A 2000 National Projections baseline scien#or the revision of the NEC
Directive, 2000 (Amann M. et al., 2006)

2. RAINS A 2010 National Projections baseline scien&or the revision of the NEC
Directive, 2010 (Amann M. et al., 2006)

3. RAINS A 2020 National Projections baseline scien#or the revision of the NEC
Directive, 2020 (Amann M. et al., 2006)

4. RAINS optimized 2020 National Projections baseliscenario for the revision of the NEC

Directive, optimized to achieve the targets of Tiiematic Strategy in
2020 (Amann M. et al., 2006)

5. ND partial 2000 National Projections baselinenszio for the revision of the NEC
Directive, 2000, including partial implementatioh the measures in
Nitrate Vulnerable Zones (Annex 1)

6. ND partial 2010 National Projections baselinensgio for the revision of the NEC
Directive, 2010, including partial implementatioh the measures in
Nitrate Vulnerable Zones (Annex 1)

7. ND full 2020 National Projections baseline seendor the revision of the NEC
Directive, 2020, including full (strict) implemettian of the measures
in extended areas of Nitrate Vulnerable Zones (Arijex

8. WFD 2020 National Projections baseline scenfgiothe revision of the NEC
Directive, 2020, including full (strict) implemettian of the measures
in extended areas of Nitrate Vulnerable Zones #tr&ctf) equilibrium
P fertilization on all agricultural land (Annex 1).

45



2.5. Effects ofNH3; emission abatement measures on nitrate leaching

In the call for tender of the Ammonia Service Cantr the Commission asked for an
assessment of the effects of abatement technoldgiesammonia emissions, as
indicated in the UNECE Working Group guidelines d@ne RAINS/GAINS model, on
nitrate leaching. Results of this assessment aosvrshin Figure 2.4, while further
underpinning is provided in Chapter 3 and in Ang@&xClearly, the implementation of
single abatement technologies for ammonia emissiandead to slight increases in the
leaching of nitrate and the emissions eDO\Nwhen no supplemental measures are taken
to correct for the increased N contents of the ahimanure. However, when the last
(but not least) measure of the guidelines of theeGR Working Group on Ammonia
Abatement Technologies is taken into account, eeesed leaching of nitrate and the
emissions of MO will be prevented. This measure (number 8) deals ‘Nitrogen
management; balancing manure nutrients with otbdilizers to crop requirements’
and will lead to a correction in the applicatiotesaof animal manure and/or N fertilizer
use (see also Annex 2). This measure is formulatiakr general and not implemented
in RAINS/GAINS, and hence not shown in Figure 2.4.

change in emission, % compared with situation without measures B NH3 emission
ONO3 leaching
CON20 emission

30 1

20 A

10 4

A, R

-10 +

-20 4

-30 +

-40 -
Biofiltration Low NH3 Covered Stable Low nitrogen  Incineration Urea NH3 package
application storage adaptation feed substitution
technique

Ammonia measures

Figure 2.4. Potential effect of single measures ahd package of ammonia emission
abatement measures on changes in the emissionsipaihd NO to the atmosphere

and the leaching of nitrate to groundwater andface waters in EU-27 for the year
2000. Results of calculations with MITERRA-EUROS§®e (also text).

°® Annex 2. Oenema, O. and G.L. Velthof 2007. Analydilnternational and European Policy
Instruments: Pollution Swapping. Ammonia Servicentact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen
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As discussed further in Chapter 3, greater emphabisuld be given to this
measure/recommendation of the UNECE Working GronpAonmonia Abatement
Technologies (‘Nitrogen management; balancing mamutrients with other fertilizers
to crop requirements’) so as to prevent the paiuswapping to the leaching of nitrate
and the emissions of,.

2.6. Effects ofN leaching abatement measures on NfHmission

In the call for tender of the Ammonia Service Canty the Commission also asked for
an assessment of the effects of N leaching abatemeasures on N N,O and CH
emissions. Results of this assessment are showigure 2.5. All measures taken to
decrease N leaching have synergistic effects, the. measures also decrease the
emissions of Nkland/or NO. Effects on Chl emissions are absent, and therefore not
shown in Figure 2.5. Balanced fertilization has ldrgest effects on N leaching losses
and also the largest synergistic effects. The pgEkd measures is also highly effective
and has the potential of significant synergistidfeets. However, the calculated
synergistic effects of some N leaching abatemerstsoes on emissions of Nidnd/or
N.O may be somewhat too optimistic. This holds espgcias regards the ban on
manure spreading in autumn and winter.

0 change in emission, % compared with situation without measures

-10 4

-15 4

-20

-25 +

-30 1

B NH3 emission
ONO3 leaching
40 1 ON20 emission

-35 4
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Balanced Decreased Efficient application No winter Winter crops NO3 package
fertilization application on technique application
sloping soils

Nitrate measures

Figure 2.5. Potential effect of single measures aida package of N leaching
abatement measures on changes in the emissionsipaihd NO to the atmosphere
and the leaching of nitrate to groundwater andface waters in EU-27 for the year
2000. Results of calculations with MITERRA-EUROS®e (also text).

47



It has been observed in the UK (e.g. Williams et 2006) that a ban on manure
spreading in autumn and winter, to decrease N Iegclosses, may contribute to
increased emissions of NHbecause of the higher temperature and drier donditin
summer and spring compared to autumn and wintemost EU countries. In
MITERRA-EUROPE, emissions of NHare calculated following the procedure in
RAINS, and are calculated independent of tempegatund or rainfall. However, the
overall effects do agree with the qualitative assests made in Task 2 (Chapter 3).

2.7. Results of the ‘RAINS’ scenario analyses

The analysis presented in this paragraph expldnes effects of the ‘RAINS A’
(National Projections baseline scenario for thasiem of the NEC Directive; Amann,
et al., 2006b) and the ‘RAINS optimized 2020’ (@pized scenario to achieve in 2020
the environmental objectives of the Thematic S¢aten Air Pollution; Amann, et al.,
2006b) on the emissions of NHN,O, NOx and CH and the leaching of N (see Table
2.6). Figure 2.5 provides an overview of the charigehe emissions of NjAN,O and
NOx and the leaching of N in these scenarios. Decseaiselarger in the emissions of
NH; than the emissions of.® and NQ and the leaching of N.

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

Ototal leaching
M total N2O emission
Ototal NOx emission

2500 +

2000 +

1500 -

1000 -

500 -

RAINS A 2000 RAINS A 2010 RAINS A 2020 RAINS Optimised 2020

Figure 2.6. Gaseous N losses and N leaching logses agriculture in the RAINS A
2000, 2010 and 2020 scenarios and in the RAINSmupgd 2020 scenario. For
explanation of scenarios see Table 2.6 and pardytag.
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Total NH; emissions in EU-27 are 10 and 21% lower in the @820 than in 2000,
according to the RAINS A 2020 and RAINS optimize@2@ scenarios, respectively
(Table 2.7). The NEemissions levels for the RAINS A scenarios for @@nd 2020,
as calculated by MITERRA-EUROPE, compare well viite emission levels presented
in Table 2.3 (after Amann et al., 2006b). Howeuwbe estimated decrease in NH
emissions in the RAINS optimized 2020 relative ke tRAINS A 2000 scenario
according to MITERRA-EUROPE is less (~21%) than thercentage decrease
calculated by RAINS (~29%). The cause of this ddfee is related to the difference in
basic scenario. Amann et al. (2006b) used the @uidtegislation (CLE) scenario,
while the NEC-NAT scenario (RAINS A) was used iisthtudy. Further, the emission
reduction percentage of Amann et al. (2006b) referall NH3 sources, while only
agricultural sources are considered in our studierd are also differences between the
two studies in the relative emission decreasesMmmber States, suggesting in part
also different abatement strategies

Table 2.7. Ammonia emission in 2000 for EU-27 iankNH and the calculated
changes relative to 2000 for the RAINS A 2010 ad202scenario and the RAINS
optimized 2020 scenario. For explanation of scersrsee Table 2.6 and paragraph
2.4,

Country RAINS A 2000 RAINS A2010 RAINS A 2020 RAINS optimised 2020
kton NH3 % change compared to RAINS A 2000

EU-27 3488 -10 -10 -21
Austria 52 -3 1 -22
Belgium 77 0 -3 -8
Bulgaria 38 -14 -11 -11
Cyprus 5 -12 -11 -28
Czech. Rep 78 -8 -10 -16
Denmark 83 -11 -15 -37
Estonia 8 7 11 1
Finland 30 -13 -24 -31
France 618 -8 -8 -26
Germany 534 -19 -22 -25
Greece 48 -14 -16 -31
Hungary 70 -4 7 -11
Ireland 117 -19 -27 -36
Italy 376 -5 -6 -14
Latvia 11 11 12 -14
Lithuania 30 -1 6 -12
Luxembourg 3 -6 -9 -29
Malta 1 63 75 75
Netherlands 132 -18 -6 -14
Poland 278 1 1 -8
Portugal 53 -9 -10 -27
Romania 135 -4 -4 -4
Slovakia 27 -3 1 -6
Slovenia 18 5 5 -29
Spain 336 -11 -9 -23
Sweden 44 -7 -6 -7
United Kingdom 285 -19 -18 -26

49



Differences between Member States in the relatinaanges are large. For some Member
States (e.g. Malta), the results presented arel@tlikely because of inconsistency in
statistical data. For the other Member States,edsas in Nglemissions in the RAINS
optimized scenario range from ~0 (for Estonia) ¥863for Denmark. There is a high
covariance in the relative changes inJ\thissions between the scenarios.

The RAINS A and RAINS Optimized 2020 scenarios dlsad to a considerable
decrease (~ 10%) in the leaching of N to groundwartel surface waters (Table 2.8)
and in the emissions of GHTable 2.10), but to an increase in the emissans,O
(Table 2.9). The decreases in N leaching are maieligted to the decreases in N
fertilizer use and N excretion by animals (becafdewer animals). Note that the mean
decrease in N leaching for EU-27 is smaller in R&INS Optimized 2020 scenario
than in the RAINS 2020 scenario. The estimated nieareases in the emissions of
N2O in the RAINS optimized 2020 are related to thargjes in the animal manure
management (low-emission manure application teclas)y and suggest ‘pollution
swapping’ (see also Chapter 3).

Table 2.8. Total N leaching in 2000 for EU-27 iorktN and the calculated changes
relative to 2000 for the RAINS A 2010 and 2020 adenand the RAINS optimized
2020 scenario. For explanation of scenarios sedd al6 and paragraph 2.4.

Country RAINS A 2000  RAINS A 2010 RAINS A 2020 RAINS optimised 2020
kton N % change compared to RAINS A 2000

EU-27 2782 -7 -10 -9
Austria 26 -14 -11 -10
Belgium 76 -1 -4 -4
Bulgaria 50 -13 -19 -19
Cyprus 4 6 5 6
Czech. Rep 87 10 -1 0
Denmark 85 -19 -26 -23
Estonia 6 18 -9 -7
Finland 14 -16 -27 -27
France 555 -7 -9 -7
Germany 438 -8 -14 -13
Greece 34 -21 -22 -21
Hungary 77 23 24 25
Ireland 86 -34 -47 -46
Italy 198 1 -2 0
Latvia 9 26 8 9
Lithuania 27 17 -3 0
Luxembourg 5 -9 -13 -12
Malta 1 79 88 88
Netherlands 137 -25 -6 -13
Poland 229 4 -2 -2
Portugal 25 2 2 6
Romania 78 6 -4 -4
Slovakia 13 35 13 14
Slovenia 8 3 -7 -2
Spain 205 -7 -8 -5
Sweden 14 -10 -10 -10
United Kingdom 298 -19 -20 -20
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Again, differences between Member States in thative changes are large.
Changes in N@leaching in the RAINS optimized 2020 scenario eafrgm -46%
(for Ireland) to +25% for Hungary (please note tMlta is excluded in this
comparison). Clearly, there is a high covariancetha relative changes in
leaching between the scenarios; relative decrems®O; leaching in Ireland
were also large in the RAINS A 2010 and RAINS A @G&2enarios (Table 2.8),
and relative increases in N@aching in Hungary were also large in the RAINS
A 2010 and RAINS A 2020 scenarios.

Table 2.9. Nitrous oxide emission in 2000 for EUiB7kton NO-N and the
calculated changes relative to 2000 for the RAINEAO0 and 2020 scenario and
the RAINS optimized 2020 scenario. For explanatibscenarios see Table 2.6
and paragraph 2.4.

Country RAINS A 2000 ~ RAINS A 2010 RAINS A 2020 RAINS optimised 2020
kton N % change compared to RAINS A 2000

EU-27 377 2 1 8
Austria 5 -10 -11 5
Belgium 9 1 -1 3
Bulgaria 5 -6 0 0
Cyprus 0 29 32 44
Czech. Rep 8 18 22 27
Denmark 9 -2 -5 5
Estonia 1 15 14 20
Finland 5 -10 -21 -15
France 70 1 0 14
Germany 52 1 -3 -2
Greece 8 -10 -10 -3
Hungary 8 35 44 61
Ireland 16 -17 -24 -20
Italy 31 7 5 10
Latvia 1 18 18 39
Lithuania 3 12 18 31
Luxembourg 0 -6 -9 2
Malta 0 59 69 69
Netherlands 17 -11 1 -2
Poland 28 6 7 11
Portugal 5 16 16 39
Romania 12 14 20 20
Slovakia 2 29 32 37
Slovenia 1 1 0 20
Spain 33 5 5 19
Sweden 6 -2 -1 -1
United Kingdom 40 -6 -5 -1
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Table 2.10. Methane emission in 2000 for EU-27tamKCH,, and the calculated
changes relative to 2000 for the RAINS A 2010 @fDzZcenario and the RAINS
optimized 2020 scenario. For explanation of scermrsee Table 2.6 and
paragraph 2.4.

Country RAINS A 2000 RAINS A 2010 RAINS A 2020 RAINS optimised 2020
kton CH4 % change compared to RAINS A 2000

EU-27 9848 -8 -10 -10
Austria 181 -9 -10 -10
Belgium 249 -4 -9 -9
Bulgaria 89 -14 -14 -14
Cyprus 13 1 1 1
Czech. Rep 142 -7 -7 -7
Denmark 237 -3 -8 -8
Estonia 22 -1 -5 -5
Finland 90 -14 -36 -36
France 1558 -6 -6 -6
Germany 1372 -11 -17 -17
Greece 201 -2 -2 -1
Hungary 101 -5 8 8
Ireland 550 -17 -25 -26
Italy 986 -4 -7 -6
Latvia 30 0 -3 -3
Lithuania 81 -8 -10 -10
Luxembourg 13 -7 -15 -15
Malta 2 2 2 2
Netherlands 479 -12 -6 -6
Poland 517 -7 -10 -10
Portugal 176 9 3 3
Romania 339 -4 -4 -4
Slovakia 61 5 5 6
Slovenia 41 5 6 6
Spain 1028 -1 0 0
Sweden 142 -6 -6 -6
United Kingdom 1146 -23 -23 -23
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2.8. Results of ‘Nitrates Directive’ scenarios

In the call for tender of the Ammonia Service Cantr the Commission asked for an
assessment of three scenarios for the implementafithe Nitrates Directive, namely (i)

partial, (ii) full compliance, and (iii) reinforcedctions (to address phosphate pollution
through balanced fertilization, with reference te tWFD by 2015 for each Member

State). These scenarios have been described bnegflgragraph 2.4 and are summarized
in Table 2.6. Full description of these scenarind the underlying assumptions in the
assessments can be found in Ann&x 1

Table 2.11. Main N flows in agriculture in EU-27 2000, according to the ND partial
2000 scenario, and the calculated potential changdstive to 2000 for the ND partial
2010 scenario, the ND full 2020 scenario and theDAZB20 scenario.

ND partial ND patrtial
N source 2000 2010 ND full 2020 WED 2020
kton N % change compared to ND partial 2000

Total N excretion 10372 -5 -5 -5
Applied N fertilizer 10748 -7 -14 -14
Applied manure N 4778 -3 -9 -19

N excreted during grazing 3560 -8 -8 -8

N deposition 1977 -4 -4 -4
Biological N fixation 823 0 0 0

Measures of the Nitrates Directive focus on dednga®\ leaching, mainly through
improved management of N fertilizer and animal mianwarious good agricultural
practices have been defined. A prime measurelabed fertilization, i.e., N application
is adjusted to the N demand by the crop and thgen&t supply by soil and atmosphere.
As a consequence, N input via N fertilizer and adimanure may have to be adjusted in
some cases, depending on the degree of implen@ntdtideed, Tables 2.11 and 2.12
show that the Nitrates Directive scenarios havargel effect on the N input via fertilizer
and animal manure. It is assumed that this decneasganure N is brought about by a
combination of low-protein animal feeding and mantreatment (see below). The Water
Framework Directive (WFD 2020) has in addition y&aeffect on the input of P fertilizer
(Table 2.12).

Balanced N fertilization requires careful N managat The ‘balanced N fertilization’
concept in MITERRA-EUROPE is based on a straigitéod interpretation of the
definition of ‘balanced fertilization’, i.e., th@tal supply of plant-available N is equal to
the total N demand of the crop at ‘optimum’ croplglilevel. The N demand by the crop

10 Annex 1: Velthof, G.L., D.A. Oudendag and O. Oen&@87. Development and application of the Integtate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Qawt 70501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen



is derived from the total N yield (total amount Mfin harvested crop + crop residues)
times an efficiency factor. In formula:

2 (input available N from all sources)Z{Upeff * (N output via harvested crop + crop reget)}.

This concept was applied to all Member States égjuBlhe amount of ‘available N’ was
derived from the total N inputs of all sources,ngsN source specific correction factors
for the fraction of total N that is available dugirthe growing season. The uptake
efficiency factor ‘Upeff’ was set at 1.25 for altaps in all Member States, i.e. we
assumed that the roots of the crops were not aldeke up 25% of the available N. The
results of balanced fertilization assessments arng sensitive for Upeff. It may be argued
that an Upeff of 1.25 is too high for some cropevgr under optimal conditions, like
grassland in western Europe. For crops with a @walboting system and short growing
period (e.g. vegetables), an Upeff of 1.25 maydmeldow. We made various sensitivity
analyses, but have chose quit arbitrarily for afarm Upeff of 1.25. Clearly, further
studies are needed to provide a possible diffeagoti and underpinning for the Upeff
factor.

The N demand by the crop is derived from the cated N output via harvested crop +
crop residues, and these values are based on y@petcific yield data for the year 2000.
The yield data for most crops have been deriveoh ffddO data statistics. For grassland,
yields have been derived from various assessmerts Annex 1). We assumed that
yields in EU-15 remained constant and that yietdhe new Member States in 2020 have
increased on average by 15% relative to the yitltistics of 2000. Hence, the concept of
balanced fertilization has the target of ‘optimedbp yields (yields do not decrease). In
practice though, balanced N fertilization may irase the risk of a crop yield decrease.

Implementation of Good Agricultural Practice, indilng balanced N fertilization
according to the Nitrates Directive, in the ND fatienario suggests that the N fertilizer
input will decrease by 14% and that the N inputaiglied animal manure will decrease
by 9% relative to the reference year at EU-27 leVakre are however large differences
between Member States. Decreasing the N inputnirmaal manure N was assumed to be
realised through low-protein animal feeding (seeaj@ér 4) and/or manure treatment.
Differences in the relative amounts of manure N tiave to be removed differ greatly
between Member States (Table 2.13). Please ndtéhthaesults for Malta and Cyprus are
at odd, due to inconsistency in the statisticahdBecreases are relatively large for The
Netherlands and Belgium, which have a highly ligekt density. However, relative
decreases are also large for France, Portugal paid.S

1 Annex 1: Velthof, G.L., D.A. Oudendag and O. Oen&@87. Development and application of the Integtate
Nitrogen Model MITERRA-EUROPE. Ammonia Service Qawt 70501/2005/422822/MAR/C1, Task 1. Alterra
Report. Wageningen
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Table 2.12. Main P flows in agriculture in EU-27 2900 according to the ND patrtial
2000 scenario, and the calculated potential changdative to 2000 for the ND partial
2010 scenario, the ND full 2020 scenario and theDAZB20 scenario.

P source ND partial ND partial ND full WFD 2020
2000 2010 2020
kton P205 % change compared to ND partial 2000
Total P excretion 4248 -6 -7 -7
Applied P fertilizer 3476 0 0 -64
Applied manure P 2769 -6 -14 -24
P excreted during grazing 1441 -9 -11 -11

Table 2.13. Relative surpluses of manure N, in gart of the total N excretion per
Member State, in the ND partial 2010 and ND fulk@Gscenarios and the WFD 2020
scenario. These relative amounts of manure N hae ttreated and/or removed via low-
protein animal feeding (see text).

Surplus amount of manure N, %

Country ND partial 2010 ND full 2020 WFD 2020
Austria 0 -2 -2
Belgium 0 -21 -24
Bulgaria 0 0 0
Cyprus 0 0 -43
Czech. Rep 0 0 0
Denmark 0 -6 -6
Estonia 0 0 0
Finland -4 -10 -10
France -3 -13 -17
Germany -3 -7 -7
Greece -1 -4 -4
Hungary 0 0 0
Ireland 0 0 0
Italy 0 -1 -11
Latvia 0 0 0
Lithuania 0 0 0
Luxembourg 0 0 0
Malta 0 0 -69
Netherlands -8 -14 -24
Poland 0 0 -4
Portugal 0 0 -26
Romania 0 0 0
Slovakia 0 0 0
Slovenia -1 -8 -9
Spain 0 0 -20
Sweden 0 0 0
United Kingdom 0 0 0
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The WFD 2020 scenario project even further deceaséhe amount of manure N and P
to be applied to agricultural land (Tables 2.1122and 2.13). This is because the WFD
2020 scenario includes ‘equilibrium P fertilizatiom addition to balanced N fertilization.
The results indicate that applying this concept delcrease the fertilizer P input by 64%.
The input via applied animal manure will decreage~B4% (Table 2.12). Again, it is
assumed that this decrease in animal manure Pbevittalized through a combination of
low-P animal feeding and manure treatment.

The changes in N input and the application of Gagdcultural practices and balanced
fertilization have a large effect on the leachirigNofrom agriculture (Table 2.14). The
mean decrease in N leaching in the ND full and VéeBnarios is ~31%.

Table 2.14. Total N leaching losses from agricuwdttm groundwater and surface waters
in EU-27 according to the ND partial 2000 scenaiamd the calculated potential changes
relative to 2000 for the ND partial 2010 scenatioe ND full 2020 scenario and the WFD
2020 scenario.

Leaching pathway ND partial 2000  ND partial 2010 ND full 2020  WFD 2020
kton N % change compared to ND partial 2000
Manure storage 231 -9 -31 -31
Surface runoff 733 -5 -10 -13
Small surface water and
groundwater 1511 -13 -32 -36
Large surface water 103 -17 -36 -40
Total 2575 -11 -26 -29

The implementation of Good Agricultural Practicesd éalanced fertilization and the
decreases in N input via animal manure and fegtilim the ND full 2020 and WFD 2020
scenarios have also a strong effect on the emsxbMNH;, N,O, NOx and CH to the
atmosphere. Figure 2.7 provides an overview ottienges in the emissions of {0
and NQ and the total leaching of N in these scenarioxré&eses are equally large for
NH3; and NO emissions and the leaching of N. Decreases issoms and leaching are
large between ND partial 2000 and ND full 2020, bdnges ND full 2020 and WFD
2020 are small. The difference between the ND 200 and WFD 2020 scenarios is
mainly a difference in fertilizer P input (and notN input; see Table 2.12). Therefore, N
emissions do not change (much).
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Figure 2.7.Gaseous N losses and N leaching losses from agureulh the ND partial
2000 and 2010 scenarios, the ND full 2020 scenand in WFD 2020 scenario. For
explanation of scenarios see Table 2.6 and pardgiag.

The emissions of Ni N,O and NQ and the leaching of N are similar in the ND pértia
2000 scenario and in the RAINS A scenario (compables 2.7-2.9 with Table 2.15-
2.17). Hence, the reference ‘ND partial 2000’ irs tharagraph is similar to the reference
‘RAINS A 2000’ in paragraph 2.7. Emissions of Nk the ND full 2020 scenario are
14% lower compared to the reference year 2000, imartde WFD 2020 scenarios 16%.
This projected decrease is half of the calculattehse between RAINS optimized 2020
and RAINS A 2000 (Table 2.7). The RAINS optimize2PQ scenario is meant to achieve
the objectives of the Thematic Strategy on Air @wdin (TSAP) in 2020. The results of
the ND full 2020 scenario suggest that half of tdrgets of the TSAP for Ndmissions
may be achieved through full implementation of tiérates Directive. However, full
implementation of the ND with strict interpretatiofi Good Agricultural Practices and
balanced fertilization may have significant effeftis animal agriculture, as follows from
the changes in the applied amounts of animal maNwed P (Tables 2.11 and 2.12).
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Table 2.15. Ammonia emission in 2000 for EU-27 tonkNH;, according to the ND
partial 2000 scenario, and the calculated potentihhnges relative to 2000 for the ND
partial 2010 and ND full 2020 scenarios and the WEI20 scenario.

Country ND partial 2000 ND partial 2010  ND full 2020 WEFED 2020
kton NH3 % change compared to ND partial 2000

EU-27 3455 -11 -14 -16
Austria 51 -3 0 0
Belgium 76 0 -15 -17
Bulgaria 38 -14 -11 -11
Cyprus 5 -11 -10 -39
Czech. Rep 78 -9 -10 -10
Denmark 82 -11 -17 -17
Estonia 8 7 11 11
Finland 30 -15 -29 -29
France 607 -10 -16 -19
Germany 525 -20 -26 -26
Greece 47 -15 -19 -19
Hungary 71 -5 3 3
Ireland 114 -18 -27 -27
Italy 376 -5 -9 -14
Latvia 11 11 12 12
Lithuania 30 -2 6 6
Luxembourg 3 -6 -10 -10
Malta 1 63 75 -10
Netherlands 132 -20 -14 -20
Poland 278 1 1 0
Portugal 53 -8 -10 -26
Romania 135 -4 -4 -4
Slovakia 27 -3 1 1
Slovenia 18 4 0 -1
Spain 336 -10 -11 -20
Sweden 43 -7 -6 -6
United Kingdom 282 -19 -19 -19
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Table 2.16. Nitrogen leaching losses in 2000 forZUin kton N, according to the ND
partial 2000 scenario, and the calculated potentihhnges relative to 2000 for the ND
partial 2010 and ND full 2020 scenarios and the WEI20 scenario.

Country ND partial 2000 ND partial 2010  ND full 2020 WEFED 2020
kton N % change compared to ND partial 2000

EU-27 2575 -11 -26 -29
Austria 24 -27 -41 -41
Belgium 69 -5 -41 -44
Bulgaria 49 -13 -19 -19
Cyprus 4 6 5 -30
Czech. Rep 85 7 -10 -10
Denmark 65 -20 -37 -37
Estonia 5 21 -11 -11
Finland 10 -27 -51 -51
France 512 -12 -27 -30
Germany 367 -20 -42 -42
Greece 33 -23 -30 -30
Hungary 76 17 3 3
Ireland 79 -35 -57 -57
Italy 194 0 -18 -25
Latvia 9 29 8 8
Lithuania 26 15 -15 -15
Luxembourg 4 -15 -33 -33
Malta 1 79 88 -16
Netherlands 113 -35 -39 -49
Poland 227 4 -2 -4
Portugal 25 2 -4 -26
Romania 77 7 -4 -4
Slovakia 13 34 2 2
Slovenia 8 -10 -42 -43
Spain 202 -9 -17 -30
Sweden 13 -16 -29 -29
United Kingdom 284 -20 -36 -36

As expected, N leaching losses decrease greathlyeitND full 2020 and the WFD 2020
scenarios relative to the ND partial 2000 referepear (Table 2.16). Leaching losses
decrease on average at EU-27 level by 26 and 28%pectively, but there are large
differences between Member States. The decreaseé leaching in the ND full 2020
scenario is much stronger than the projected dser@a N leaching according to the
RAINS optimized 2020 scenario (Table 2.8), while tatter scenario had a much stronger
effect on decreasing NHemissions.

Emissions of NO (Table 2.17), CH(Table 2.18) and NQ(not shown) also decreased in
the ND full 2020 and the WFD 2020 scenarios retatiy the ND partial 2000 reference
scenario. Mean decreases at EU-27 level were inathge of 4 t010% for )0, CH, and
NOx.
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Table 2.17. Nitrous oxide emission in 2000 for EXJr2 kton NO-N, according to the ND
partial 2000 scenario, and the calculated potentihhnges relative to 2000 for the ND
partial 2010 and ND full 2020 scenarios and the WEI20 scenario.

Country ND partial 2000 ND partial 2010  ND full 2020 WEFED 2020
kton N % change compared to ND partial 2000

EU-27 368 0 -4 -6
Austria 5 -11 -14 -14
Belgium 9 0 -17 -19
Bulgaria 5 -6 0 0
Cyprus 0 29 32 0
Czech. Rep 8 17 19 19
Denmark 9 -1 -8 -8
Estonia 1 15 14 14
Finland 4 -14 -31 -31
France 67 -1 -7 -9
Germany 49 -2 -12 -12
Greece 8 -10 -13 -13
Hungary 8 32 34 34
Ireland 15 -17 -26 -26
Italy 31 7 1 -4
Latvia 1 18 18 18
Lithuania 3 12 16 16
Luxembourg 0 -8 -15 -15
Malta 0 59 69 -5
Netherlands 17 -16 -13 -20
Poland 28 6 6 5
Portugal 4 15 13 0
Romania 12 14 20 20
Slovakia 2 29 31 31
Slovenia 1 -4 -10 -10
Spain 33 4 2 -6
Sweden 5 -3 -5 -5
United Kingdom 40 -6 -9 -9

It must be noted that the measures of the Nitfatesctive are only taken in the so-called
Nitrate Vulnerable Zones (NVZ). In countries in wtionly part of the area is NVZ,
measures only affect the use of fertilizer and marand the related N emissions in these
NVZ. E.g. in Belgium, the amount of applied fesér in NVZ decreases with 35% in the
period 2000 — 2020 (after full ND implementatiomhereas in non-NVZ the applied
amount of N fertilizer decreases only by 11% (Veidtat al., 2007). It must be noted that
measures of ND may result in export of manure fMWMZ to non-NVZ. This decreases N
emissions in the NVZ, but may increase emissionadn-NVZ if the total amount of
applied N in the non-NVZ is not adjusted to the iaddal manure. This is also a
mechanism of pollution swapping: the emission inANdecreases but that in non-NVZ
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increases (see also Chapter 3). The risk of thie tgf pollution swapping can be
minimized when in the non-NVZ balanced N fertilipatis applied.

Table 2.18. Methane emission in 2000 for EU-27am KCH,, according to the ND partial
2000 scenario, and the calculated potential changdstive to 2000 for the ND partial
2010 and ND full 2020 scenarios and the WFD 202hado.

Country ND partial 2000 ND partial 2010  ND full 2020 WFED 2020
kton CH4 % change compared to ND partial 2000

EU-27 9848 -8 -10 -10
Austria 181 -9 -10 -10
Belgium 249 -4 -9 -9
Bulgaria 89 -14 -14 -14
Cyprus 13 1 1 1
Czech. Rep 142 -7 -7 -7
Denmark 237 -3 -8 -8
Estonia 22 -1 -5 -5
Finland 90 -14 -36 -36
France 1558 -6 -6 -6
Germany 1372 -11 -17 -17
Greece 201 -2 -2 -2
Hungary 101 -5 8 8
Ireland 550 -17 -25 -25
Italy 986 -4 -7 -7
Latvia 30 0 -3 -3
Lithuania 81 -8 -10 -10
Luxembourg 13 -7 -15 -15
Malta 2 2 2 2
Netherlands 479 -12 -6 -6
Poland 517 -7 -10 -10
Portugal 176 9 3 3
Romania 339 -4 -4 -4
Slovakia 61 5 5 5
Slovenia 41 5 6 6
Spain 1028 -1 0 0
Sweden 142 -6 -6 -6
United Kingdom 1146 -23 -23 -23

In the assessments of the effects of full implemgorh of the Nitrates Directive, it is
considered that some countries have a derogatioichvallows to apply more than 170 kg

N per ha as manure on grassland (see Annex of &elt?007). A derogation may have
effects on N emissions for countries and NUTS-2amreg with a high livestock density,
such as the Netherlands, Belgium, Denmark, Gernaard/ parts of France, Italy and
Spain. The Netherlands is a case in point in #spect as it has been granted a derogation
to apply 250 kg N from livestock manure on inteesgrassland-based cattle farms. To
estimate the possible effects of a derogation oisams, an analysis was made for the
Netherlands, by setting the maximum applicatiomahure at 170 kg N per ha (i.e. there
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is no derogation). In the current scenario withl fimhplementation of the Nitrates
Directive in 2020 with a derogation, the averagenana application (including manure
from grazing animals) in the Netherlands is 20M\kger ha agricultural land. Decreasing
this amount to 170 kg N per ha (through manuretrireat; i.e. the number of animals
does not change and the manure is still producetdndét applied to the soil) decreases
total NH; emissions in the Netherlands by about 5% compé&rethe ND full 2020
scenario. Decreasing the maximum manure applicatidivO kg N per ha by decreasing
the N excretion (through lowering of the numbernfmals) decreases the Blemission
by approximately 15%. The latter decrease is magiel because the Nigmission from
housing and storage has also decreased. The effeeleting the possibility of derogation
on N leaching and YD emission are smaller than the effects ons MRissions in the ND
full 2020 scenario because a strict implementadibbalanced fertilization was assumed.
This means that a decrease in applied manure rgednalanced by an increase in applied
fertilizer, to avoid sub optimal fertilization. Theaching of fertilizer N is somewhat lower
than that of manure N, because the N in fertillzzs a higher plant-availability efficiency
factor.

Figure 2.8 — 2.11 show for the reference year 200D partial 2000) the calculated

regional distributions in EU-27 of manure applioatirate, N surpluses, N leaching and
N2O emissions. These maps show similar patters ofrééspres through manure N
application and N surpluses, and N emissions t@tivironment.
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Manure application rate, kg N/ha

Figure 2.8. Regional distribution of manure apptioas at NUTS-2 level in 2000.
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Figure 2.9. Regional distribution of N surplused\&iTS-2 level in 2000.

63



Leaching below rooting zone, kg N/ha

Figure 2.10. Regional distribution of N leaching$es at NUTS-2 level in 2000.
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Figure 2.11. Regional distribution of nitrous oxidmissions at NUTS-2 level in 2000.
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2.9. Conclusions and recommendations

With MITERRA-EUROPE, possible synergistic and awiaigtic effects of the measures
of the UNECE Working Group on Ammonia Abatement Aredogies and of the Nitrates
Directive and Water Framework Directive can be sssé in an integrated manner.
Further, changes in the emissions of NN,O, NQ,, and CH to the atmosphere, and
leaching of N to groundwater and surface waterd,anthe P balance can be assessed on
the EU-27 level, country level, and regional legimbth NUTS-2 and Nitrate Vulnerable
Zones). The effects of policies and measures caguaatitatively assessed and both
ancillary benefits and trade offs of policies an@asures can be identified. Hence,
MITERRA-EUROPE can be used to fine-tune policy iastents and measures aimed at
decreasing the emissions of N species from aguilt

The results of the scenario analyses lead to flenimg conclusions:

» The NH; emission abatement measures of the UNECE Workirgiison Ammonia
Abatement Technologies are effective in decreablrg emission but some of these
measures increase the emissions gD Mnd the leaching of N. The measures ‘low-
protein animal feeding’ and ‘N management’ havepbtential of inducing synergistic
effects, i.e., decreasing all N losses simultanigoiWghen the NH emission abatement
measures are implemented as integrated packagenapldasis is given to ‘overall N
management’, the possible antagonistic effects disgppear (see also Chapter 3).

» The nitrate leaching abatement measures of theatd#rDirective are effective in
decreasing N leaching, but some have the potetwtiaicrease the emissions of pNH
according literature. Assessments made by MITERRREPE indicate indeed that
the measures of the Nitrates Directive are effectivdecreasing N leaching and that
the antagonistic effects are relatively small. @llerthe nitrate leaching abatement
measures of the Nitrates Directive (especially fizdad fertilization) have the potential
of creating synergistic effects.

* The RAINS A 2020 scenario leads to a ~10 % decragabiH; emission in EU-27 by
2020 relative to the reference year 2000, mainky ttua lower N fertilizer use and a
less N excretion (due to less domestic animalsg. [€aching of N to groundwater and
surface waters decreases by 9 %. Differences betementries are large.

» The RAINS optimized 2020 scenario lead to a ~21e4rehse in Nglemission in EU-
27 by 2020 relative to the reference year 2000nipaiue to the implementation of
‘cost-effective’ NH emission abatement measures. This decrease isthHassthe
decrease (-29%) calculated by RAINS for the same@atio (see Aman et al., 2006b),
because of differences in background scenario Batement strategies. The leaching
of N to groundwater and surface waters decreasé9¥y

* The Nitrates Directive scenarios, especially futhplementation of the Nitrates
Directive and the WFD scenario, have a strong etiadhe N input via N fertilizer and
animal manure, and hence on total N losses. Theflll2020 and the WFD 2020
scenarios lead to a decrease in N leaching in EGf220 and 29 % relative to the
reference year 2000, respectively. ThesNdhission decrease by 14 and 16% in the
ND full 2020 and the WFD 2020 scenarios, respelstive
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» Though effective in decreasing N leaching and gased (NH;, N,O and NQ)
emission, the ND full 2020 and the WFD 2020 scarzahave significant effects for
agriculture. Strict implementation of the code obd@ Agricultural Practice and
balanced N fertilization according to the NitratBsrective, and ‘equilibrium P
fertilization’ (in the WFD scenario) will stronglgecrease ‘the room for N and P
fertilizer use and application of animal manureridl &’ in various regions in EU-27.
Achieving a strong decrease in the applicationnidnal manure N and P will require a
combination of low-protein and low-P animal feediag well as manure treatment.

* The ND full 2020 and the WFD 2020 scenarios, afddfhere, greatly contribute to
achieving the targets of the Thematic Strategy eanP®llution. As yet, the RAINS
optimized 2020 scenario did not include the effetthhe ND full 2020 and WFD 2020
scenarios. This suggests that new optimizations nmay be needed, taking the
measures of the Nitrates Directive and the Watamiéwork Directive into account, to
be able to calculate the most cost-effective coatimn of measures. Note that the
additional costs of the RAINS optimized 2020 scenaelative to the RAINS 2020
scenario have been estimated at €1.6 billion par f@& agriculture, equivalent to 2.6
million euro per kton Nklper year (Amann et al., 2006).

» Denitrification, with emission of Nis the largest N loss pathway in European
agriculture, followed by NHl volatilization, and N leaching. Emissions ofON and
NOx contribute little to the total N loss (but havsignificant environmental effect).

» At the suggestions of the reviewers and the Comarissnew feedbacks were
incorporated in MITERRA-EUROPE (coupling N depasiti - NH; emissions;
coupling crop yield — N input; coupling N uptake Hye crop — N input). These
feedbacks have made the model more robust buthaise complex. Because of these
feedbacks, the antagonistic effects of some Biission abatement measures and of
some N leaching abatement measures reported heesenatler compared to the effects
reported in the draft final report (21 January 206i&sion).

The results of the assessments lead to the follpranommendations:

» The discrepancy between the results of RAINS andBRRA-EUROPE in the
assessment of the effects of the RAINS optimized028cenario demands further
study.

* The strong effects of the ND full 2020 and WFD 2020 N leaching, gaseous N
emissions and on crop yield and N off take demanithér study.

* Quantitative sensitivity analyses are needed tesasthe effects of major uncertainties
in the input and assumptions of MITERRA-EUROPE.
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3. Analysis of International and European Policy Iistruments

3.1. Introduction

This chapter summarizes the results of Task 2 ‘Ygialof International and European
policy instruments’ of the Ammonia Service Contralttis based on the underlying
Report in Annex 2. The aim of this task istd analyze the existing International and
European policy instruments aiming at reducing aioiss of ammonia, nitrous oxide and
methane to the atmosphere and nitrate to groundwaatd surface watefs Specifically,
the study addresses the possible synergies anogsibte antagonisms in these policies,
and provides suggestions and recommendations toeeas optimal coherence between
measures.

Currently, the use of animal manure and fertilizemgl the emissions of N species from
agriculture to the environment in the EU-27 areutated directly or indirectly by four
categories of EU policies and measures:
i.  Air quality related Directives and climate changdiqy (Thematic Strategy on
Air Pollution (TSAP), NEC Directive, IPPC Directiyéir Quality Directive,
Kyoto Protocol);
ii.  Water Framework Directive, including the Nitratesdative and Groundwater
Directive;
iii.  Agenda 2000 and the reform of CAP, including Cr&smpliance, Agri-
Environmental and Rural Development regulationsi; an
iv.  Nature conservation legislation, the Birds and kbiDirectives
The points of action of these instruments in admica are shown in Figure 3.1. Some of
the instruments also (mainly) address industnyffitrand shipping, like the Air quality
related Directives and climate change policy. Inridgjture, basically all instruments
address the primary producers (the farmers) andolaners. The suppliers, processing
industry, retailers and consumers are not addrelsgdtie policy instruments, although
they may notice the effects of the policies andsuess indirectly.

The following policy instruments have been assegseditatively:

- Ammonia abatement measures of UNECE-CLTRAP, IPRCNHEC Directives;

- Nitrate leaching abatement measures of the Nitbatective (and Groundwater

Directive and Water Framework Directive);

- Measures of the Birds and Habitats Directives;

- Cross-compliance measures;

- Measures of the Rural Development Regulation; and

- Measures to decrease@and CH emissions, according to the Kyoto Protocol.
This chapter summarizes the main findings of tleessments presented in Annex 2.

2 Annex 2. Oenema, O. and G.L. Velthof 2007. Anialgs$ International and European Policy

Instruments: Pollution Swapping. Ammonia Servicenttact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen.
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Thematic Strategy on Air Pollution
National Emission Ceiling Directive
Kyoto NH., | ZPP¢ -Directive

3 CLRTAP-Gothenborg Protocol

CAP reform + C.C.

“manure

Animal welfare
Nitrates Directive RU/‘;a/i/D;:e/ip ment
IPPC / CLRTAP on srraiegy
‘ Birds & Habitats
Directives
N & P surface water NO; in groundwater
Nitrates Directive Nitrates Directive
Water Framework Directive Water Framework Directive
Groundwater Directive

Figure 3.1. Overview of the EU policy instrumeniedly and indirectly acting on the use and
losses of N in agriculture. The emission of 3N&l regulated by the Thematic Strategy on Air
Pollution (TSAP), National Emission Ceilings Dirget (NEC), Convention on Long Range
Transport of Atmospheric Pollutants (CLRTAP), alnel integrated Program on Pollution Control
Directive (IPPC). Fertilizer N and animal manure @pplications and N losses to groundwater
and surface waters are regulated by the Nitratese@ives, Groundwater Directive, Water
Framework Directive, IPPC and CLRTAP. The CAP nefotogether with the Rural Development
Regulations, Agri-Environmental measures and Ci©@smpliance measures, and the Birds and
Habitats Directive and the Animal Welfare Directivell provide additional constraints to
agricultural activities, and/or contribute to thenfercement of the aforementioned policy
instruments, and hence on the cycling and loss of N

3.2. Definition and mechanisms of ‘pollution swappig’
Pollution swapping refers to a special side-eftéanvironmental policies and measures.
In this study® we defined two types of pollution swapping, i(@.the unwanted increase
of another pollutant, and (ii) the transfer of anigsion source to elsewhere. These two
types of pollution swapping are distinguished iis $tudy as:
« Type 1 swapping to other pollutants (i.e., decrgashe loss of one N species at
the expense of other N species);
« Type 2 swapping to other areas (i.e., transfertegpollution potential from one
area to another).

13 Annex 2. Oenema, O. and G.L. Velthof 2007. Anialgs$ International and European Policy
Instruments: Pollution Swapping. Ammonia Servicenttact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen
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Type 1 pollution swapping is generally seen asspoase to governmental policies and

measures that focus on one N loss form. Examptdgda:

- closed periods for spreading animal manure in aotand winter to minimize nitrate
leaching losses combined with spring and summelicgbion to growing crops may
exacerbate NElemissions because of higher temperature and lawoédence of
rainfall in summer compared to autumn and wintesdame Member States;

- incorporation of animal manure into the soil to miize NH; emissions may
exacerbate direct /D emissions, because the anoxic manure containgy eas
degradable organic matter which is fuel the ddyitrg micro-organisms in the soill;

- decreasing NH losses from manure storage will contribute to manwith a
relatively high N content, which increases the w$kitrate leaching and direct,®
emissions from soils following application (wher timount of applied manure is not
adjusted for the increased N content);

- restricted grazing and zero-grazing, to decredsataileaching from grazed pastures,
may result in increased emissions of \thd CH from housing and manure storage
systems emissions and following the applicatiomahure to land; and

- no-till or minimum tillage systems, to encouragebca sequestration in arable soils,
may exacerbate nitrous oxide emissions, becaustheofincreased wetness and
organic carbon content in the top soil during thengng season.

The possibilities for type 1 pollution swapping amet always fully recognized and
understood well, in part because of the narrowdazfuresearch and policies, especially in
the recent past, in part also because of the codbpleof the N cycling and
transformations in agricultural systems. The canfsg/pe 1 pollution swapping can be
most easily demonstrated via the so-called ‘holiaénpipe’ model (Figure 3.2). The ‘hole
in the pipe’ model symbolizes the leaky N cycleagricultural systems. There are inputs
of N into these systems via e.g. fertilizers, animznure, biological N fixation,
atmospheric depositions (left side of the grapld) tiere are outputs from the systems, via
harvested crop and livestock products. Within tlystesm (visualized by the pipe),
transformations and transfer processes take plabereby a range of N species may
escape (visualized via the holes in the pipe). Blarone or two of the holes in the pipe
usually leads to increased fluxes from other holedess the total input is decreased,
and/or the total output via crop and livestock pid is increased.

The reasoning given above does not preclude trertessthat leakages are (not) equally
damaging to the environment and or human healtle @ay argue that losses via NH

volatilization are more damaging to the environmeat mole of N than the leaching of
NO; to groundwater and surface waters, or vice véisavever, this is outside the scope
of this study. The only point to be made here & the ‘law of mass conservation’ simply
tells us that blocking one loss pathway will inGeaone or more other loss pathways,
unless the N input is decreased or the N output ugaful products is increased
proportionally. Note also that N may be stored (ierally) in the soil (in the pipe), and

thereby may contribute to a delay in swapping
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Figure 3.2. Nitrogen (N) emissions from agricultursystems to the air and water
environments, visualized by the ‘hole of the pimedel. Inputs of N via fertiliser and
animal manure, biological N fixation, and atmospbeateposition are positioned on the
left-hand side, and outputs via crop harvest amddtock products on the right-hand side.
Please note that the release of di-nitrogep) (il often considered to be a benign emission
relative to that of the other N species emissibns that the emission of,oes result in
the loss of N from the system to the environmeshhance to a lower N use efficiency.

Type 2 pollution swapping (swapping pollution tdhet areas) is sometimes also called
‘externalization’ of N losses (and possible othevieonmental side effects). It occurs for
example when policies limit the application of menwo agricultural land, and thereby
force intensive livestock farms to transfer theptus animal manure to arable farmers
elsewhere. By doing so, also the risks of N loss®$or example NHand NO emissions
are transferred to elsewhere. The transfer of neaand its emission potential is of course
beneficial for the area of concern, but the tomaissions of gaseous N emissions will not
decrease (they may even increase due to the imogebandling actions). Hence, the N
emission potential is simply transferred to othexaa. Transfer of manure N from areas
with high livestock density to areas with low litesk density can be effective if the
manure N can be utilized effectively and does mpknd thereby ‘save’ equal amounts of
N from fertilizer.

A variant of type 2 pollution swapping (swappingllption to other areas) may follow
from zoning restrictions within the framework oktNitrate Directive and especially the
Birds and Habitats Directives (Natura 2000 aredehing restrictions may expel farms
from the designated areas to outside these aréudls, tve total production capacity does
not diminish (as is the case when production riginid quota exist). In this case, the
decreased environmental pressure within the degdraaeas decreases at the expense of
increasing environmental pressures elsewhere. Ofsep this can be highly beneficial
when the vulnerability of the designated area icmhbigher than the area outside the
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designated area (the ‘pollutant’ may even beconmggbefor example when it contributes
to decreasing N shortages in some areas), bubtakdamission does not decrease; it is
simply transferred to other areas.

3.3. Categorization of measures according to thepollution swapping potential

The various measures of the policy instruments weategorized in six categories
according to their pollution swapping potential atiebir effectiveness in decreasing
emissions:

(i) Mitigation or abatement of N species emissidrsy., low-emission storage and
application of animal manure to decreaseshhissions; no manure application in winter
and the growth of cover crops to decrease nitestehing);

(i) Controlling N input(e.g., low-protein animal feeding, balanced fezdition;

(i) Extensification of agricultural production and erommental protectione.g., in

the framework of Rural Development Regulation 18905, axis 2, and the Birds and
Habitats Directives);

(iv) Regulations on animal welfarge.g., minimal limits for the space and bedding
material of animal housing systems, may effect ahifeed use efficiency and
emissions of Nkl N,O and CH);

(v) Improving the competitiveness of agricultural sest@.g., through modernization
of farm buildings, improving infrastructure; mayeft emissions of N N,O and CH

); and

(vi) Spatial zoninge.qg., restriction on farm activities near Nat@f90 areas and special
obligations (Action Program measures) in Nitratdriduable Zones).

On the basis of this categorization, a qualitaigsessment was made. No distinction has
been made between mandatory measures and (copetifis) voluntary measures. Also,

it was assumed that the measures were implememigdHence the issue of penetration,
adoption and feasibility of the measures in praciias not taken into account in this
assessment.

3.4. Qualitative assessment of policies and meassre

The results indicate that abatement measures faataileaching (in the framework of
Nitrates Directive) and ammonia emission (in therfework of UNECE-CLTRAP, and
the IPPC and NEC Directives) may both contributéyfme 1 ‘pollution swapping’. The
potential of ammonia emission abatement measuresritribute to pollution swapping
tends to be larger than that of the nitrate leaghinatement measures, when the measures
are assessed individually (Tables 3.1 and 3.2).é¥ew both policy instruments include
integral control measures. The ammonia abatemeasunes listed in Table 3.1 have
integral control measures in measures 1 (low-pnotgiimal feeding) and 8 (Nitrogen
management; balancing manure nutrients with otketilizers to crop requirements). The
nitrate leaching abatement measures listed in T&ldave integral control measures in
measure 8 (Rational fertilisation, e.g. split apglions, fertilisation limitations). These
integral control measures have the potential oatang synergistic effects. Hence, when
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the measures listed in Tables 3.1 and 3.2 are m®iéed jointly and in an integrated
way, the potential of pollutions swapping is minima

Substitution of urea fertilizers by ammonium- anttate-based fertilizers will decrease

NH3 emission but may increase®l emissions and N{eaching when the amount of N

fertilizer applied is not adjusted to the increasffdctiveness of ammonium- and nitrate-
based fertilizers relative to urea-based N fesriisz Incineration of poultry manure has the
advantage of generating heat and electricity froenrhanure, but by doing so some of the
nutrients in the manure are lost to the air (N,v@)ile some other nutrients (e.g. P, Ca,
Mg) are transformed into forms that are less adokesdo plant roots. Ashes of the

incinerated manure may also be dumped in landflig] thereby removing the residual
nutrients from cycling in the biosphere for sonmedi

Table 3.1. Assessment of possible pollution swappynBest Available Technique (BAT)
measures taken within the framework of the IPP@, ianthe Framework Advisory Code
as developed by the Working Group on Ammonia Alatewf the UNECE Convention
on Long Range Transboundary Air Pollution (CLRTAR),terms of increases (+),
decreases (-) or neutral (~) effects on ammonia sNHirect nitrous oxide (pD-d),
indirect nitrous oxide (BD-i), methane (Ck) and nitrogen oxides NPemissions to the
atmosphere and N leaching to groundwater and serfaaters.

Gaseous emission to the atmosphere  Leaching

BAT Measures NBl N,O-d NyO-i CH;s NOy N
1. Low Nitrogen Fodder (dietary - - - ~ - -
changes)

2. Stable Adaptation by improved - + —/+ ~ + +
design and construction of the floor

3. Covered Manure Storage - + —/+ ~ + +
4. Biofiltration (air purification) - - - ~ - -
5. Low Ammonia Application of - + —/+ ~ + +
Manure

6. Substitution of urea with ammonium — + —/+ ~ + +
nitrate

7. Incineration of poultry manure - - - ~ - -
8. Nitrogen management; balancing
manure nutrients with other fertilizers
to crop requirements

Volatilization of NH; occurs at an early stage in the sequence of pesdsllowing the
excretion of faeces and urine by animals and omaft@ication of urea and ammonium-
based fertilizers (Figure 3.3). The emission e®DNand the leaching of N{®ccur at later
stages. From this sequence of processes, it vatirbe clear that measures that effect the
emission of NH will change the total amount of N at an early stagd thereby likely
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have an effect on the emission ofNand the leaching of NQoo. Conversely, it is less
likely that measures that effect the leaching oM@l effect the emission of Nk

NHs N NO
Ammonia g NZO NZO A
volatilization [*, A A 7

Dung N -5 - RNy
Urine N T NH“ o NG :/NO3 N

Urea hydrolysis| i Denitrification

i | Mineralization : :
\ v v

Figure 3.3. Sequence of N transformation processed,the release and loss of various
N compounds from dung and urine. Note that thekapky the crop of NH and NQ' is
not included in this conceptual framework.

The sequence of processes shown in Figure 3.3iegpgtasome extent why the ammonia
abatement measures listed in Table 3.1 likely ledfext on nitrate leaching, and why the
nitrate leaching abatement measures listed in T&Relikely have little effect on
emission of NH, unless the total N input is controlled too. A @et reason that may
explain why the NH emission abatement measures likely have more teffiecNG;
leaching than the NfJeaching abatement measures have og &hission is the fact that
the NH; abatement measures are more focused on techrallogéasures and the NO
leaching abatement measures more on managerialmsa3he technological measures
to abate NH emission are focussed on preventing the escafélgemission (trapping),
while the managerial measures tend to focus onawipg N utilization, i.e., preventing
the leaching of N@ combined with balanced fertilization (finetunindg supply to
demand by the crop).

Table 3.2. Assessment of possibility of pollutieaming of measures taken within the
framework of the Nitrates Directive, in terms afri@ases (+), decreases (-) or neutral (~)
effects on ammonia (NN direct nitrous oxide (PD-d), indirect nitrous oxide (¥D-i),

methane (Cl) and nitrogen oxides NPemissions to the atmosphere and N leaching to
groundwater and surface waters.
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Gaseous emission to the atmosphere  Leaching

Measures NE N;O-d NyO-i CHs NO N
1. Prohibition of fertiliser application in ~ - — ~ — -
winter

2. Prohibition of organic fertiliser + - — + — -

application in winter

3. Restrictions for application on steeply ~ ~ ~ ~ ~ —
sloping ground

4. Restrictions for application on soaked, ~ — +/~ + - —
frozen or snow-covered soils

5. Restriction for application near water — — — ~ — —
courses (5-30 m)

6. Effluent storage ~ ~ ~ ~ ~ —
7. Manure storage (duration) (months)  + ~ + + ~ ~
8. Rational fertilisation (e.g. splitting, — — — ~ — —
fertilisation limitations)

9. Crop rotation, permanent crop
maintenance

10. Vegetation cover in rainy periods,
winter

11. Fertilisation plans, spreading records
12. Application limits for animal manure — — — ~ — —
(170 kg N/ha

13. Zero grazing*) + — +/— + — —
13. Other measures ? ? ? ? ? ?

l
l
l
l
l
|

l
+
l
l
+
|

l
l

*) Zero grazing is not a measure mentioned in theaddisr Directive, but is in part an effect of theratie
Directive, as well as the effect of technologicavelopments (e.g. milking robot).

Spatial zoning of Nitrate Vulnerable Zones in tloatext of the Nitrates Directive and of
Nature 2000 within the context of the Birds and ithb Directives may contribute to
type 2 pollution swapping. In general, these Divast have regional effects, i.e. within
and around the Nitrate Vulnerable Zones and Na20@0 areas. The management plan
measures of the Birds and Habitats Directives drel Action Plans of the Nitrates
Directive may contribute to decreasing emissionslid§, N,O and CH and to decreasing
NOs leaching as most of these measures put restrictmm agricultural activities.
However, some measures may contribute to increabiemgmissions of N§l N.O and
CH, and the leaching of N{elsewhee (type 2 pollution swapping), as some farming
activities may have to be transferred from arourel Natura 2000 areas and the Nitrate
Vulnerable Zones to elsewhere. There are no gasimétassessments available about the
scale and extent of this type of pollution swappifyg the area involved in Natura 2000 in
EU-25 is between 10 to 20%, the overall effectloasignificantly.

Cross Compliance is meant to ensure respect @titetory Management Requirements,

SMRs) and the maintenance of the land in Good Agtcal and Environmental
Condition (GAEC) in response to area payments. £amnpliance will improve the
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implementation of Directives and good land manageme&nsuring respect of the
‘Environmental’ Directives may amplify the singlffexts noted in Tables 3.1 and 3.2 but
likely will not have additional pollution effectEnsuring respect of the ‘Animal Welfare’
Directives may contribute to increased emissiondNHE, N,O and CH from animal
housing systems, because of the larger areas jmealeand because of the use of bedding
material (use of litter tend to increase the emissiof NH, N,O and CH from manure
management). Quantitative assessments of the £fiésuch measures for the EU-25 are
not available yet.

The assessment of thRural Development Regulation 1698/2005 suggests ftifia
regulation may have diverse effects on the emissimnNH;, NO and CH and the
leaching of N@Q, depending on the relative importance of the a¥é® term ‘axis’ is
defined in the Regulation as “a coherent group easares with specific goals resulting
directly from their implementation and contributit@y one or more of the objectives set
out in Article 4 of the Regulation”.

Axis 1 support will likely lead to decreasing enmss when the emphasis is on
modernization, farm advice, implementing new stadslaand respecting Community
standards for environmental protection. Converselhen the modernisation of
agricultural holdings improves the overall perforoa of the agricultural holding,
including the production potential, total emissionay increase, depending of course on
the type of modernization. Axis 2 support will leaddecreases in the emissions when the
emphasis is on extensification and decreases filiZer use and livestock density.
However, when the emphasis is on animal welfargo@tpn animal housing, gaseous
emissions will likely increase as the animal hogsiequirements for animal welfare lead
to increasing emissions of NHN,O and CH. Axis 3 support likely leads to a decrease in
emissions of Nkl N,O and CH and the leaching of NO

There are a large number of possible measuresrtagtdecrease the emissions GON
and CH from agriculture. A large number of these measurage been assessed and
discussed in Annex ¥.However, there is as yet no formal policy in EUiagture with
specific targets to decreaseONand CH emissions from agriculture.

3.5 Conclusions

* The NH; emission abatement measures of the UNECE — CLRA#Pthe IPPC and
NEC Directives do have the potential of type 1 widin swapping because of the
emphasis on technology and the early incidenceHy @&mission in the sequence of N
transformation processes. To minimize type 1 paliuswapping, the Nkemission
abatement measures have to be combined simultdpewith N management at

14 Annex 2. Oenema, O. and G.L. Velthof 2007. Analp$ International and European Policy
Instruments: Pollution Swapping. Ammonia Servicenttact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen.
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system level, or with the NQeaching abatement measures of the Nitrates Disgct
with a strong emphasis on N input control.

Greater emphasis on low-protein feeding within thentext of NH emission
abatement measures does have the potential ofgsstiereffects on decreasing the
emissions of Nsland NO and the leaching of NO

The NG leaching abatement measures of the Nitrates neebve the potential of
both synergistic and antagonistic effects on destingathe emission of NHand NO.
The synergistic effects seem to dominate, becatisheoemphasis on balanced N
fertilization and N input control. Type 1 polluti@wapping (increased NHmission)
may occur following the tendency in cattle farmsygstems to move to zero-grazing
systems (to circumvent the leaching of Nf@m animal droppings in pastures, but
NH3 emissions are larger from housing systems tham fyjcazing systems). Type 1
pollution swapping (increased NHmission) may also occur following a ban on the
application of animal manure off the growing seagbis ban contributes to a higher
utilization of nutrients from manure by the cropldn less N@leaching losses, but at
the same time may contribute to increased emissbmMéH; (and NO), because of
higher temperature and possible lower incidenamiofall during the growing season.
The pollution swapping potential of the B@aching abatement measures of the
Nitrates Directive can be minimized through jointplementation of Nkl emission
abatement measures of the UNECE — CLRTAP. Thiscatds again that NH
emission abatement measures have to be combinadtasieously with the N©
leaching abatement measures of the Nitrates Diee@ind vice versa to be able to
effectively and efficiently decrease N losses fragniculture.

Designation of Nitrate Vulnerable Zones and ardagpecial protection (Natura 2000)
within the context of the Birds and Habitats Direes do have the potential of type 2
pollution swapping, i.e., transferring the enviramtal pressures resulting from
agricultural activities from within and around tldesignated zones to elsewhere,
outside the designated zones. This type of pohusiapping can be circumvented or
minimized by simply stopping the agricultural protivity or by the implementation
of N loss abatement measures. However, transfetratgspots of N emissions (e.g.
intensive livestock operations) from areas seresitty N deposition to areas that are
much less sensitive to N deposition can greatlyadse the ecological impact of the
N losses, depending in part on the background demoand the critical load.

All measures that lead to increased N-use effigienidhe system level decrease the N
losses via the emission of MHand NO and the leaching of NOper unit of
agricultural produce, but not necessarily the eimiss per unit of surface area.
Decreasing the losses per unit of surface areairesguhat increases in N-use
efficiency are not counterbalanced by increasepragduction capacity, which may
occur in Member States following, for example, #imlishment of the milk quota
system.

Cross Compliance measures, introduced followingQA® reform, ensures respect in
practice of 19 Statutory Management RequirementdRS and Good Agricultural
and Environmental Condition (GAEC). Thereby, Cr@ssnpliance measures have the
potential to exacerbate synergistic and antagenestects on the abatement of N loss
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pathways. The SMRs include the Nitrates Directivel dhe Birds and Habitats
Directives, with their potentials of creating sygistic and antagonistic (type 1 and
type 2 pollution swapping) effects. The SMRs alsddude animal welfare regulations
which may contribute to an increase of the emissioNH; and NO and the leaching
of NOs; because of the regulations on the area and bedatterial of animal housing
systems, and the requirements on outside free-walkther, such animal welfare
regulations may increase the animal feed conversatin (more feed is needed to
produce 1 kg of animal produce) and thereby alsmease emissions.

The effects of the Rural Development Regulatiothenemission of Ngland NO and
the leaching of N@from agriculture are diverse and complex. Theyehiée potential
of decreasing N losses and of creating synerge$tects on the emission of Nknd
N2O and the leaching of N{QDdepending on the measures that are being supporte
Trends in agricultural development suggest thatenmlorestock will fall under the
regime of the IPPC Directive in near future, beeaakthe effects of up-scaling in
agriculture. This will make the impact of the IPBi@ective for agriculture larger and
calls for an increasing need of joint implementataf IPPC and Nitrates Directive
measures. However, if the obligations of the IPR€tao strict from a farmers’ point
of view, there is the possibility that farm sizellwemain just under the threshold
levels, depending also on the competitivess oklasgale farms.

3.6 Recommendations

The measures dealing with N input control in thdrddés Directive (Balanced N
fertilization) and the UNECE — CLRTAP and the IPBG@d NEC Directives (protein
content of the animal, integrated N managementplshbe the guiding and overall
arching principle of the Npand NO emission and Ngeaching control.

The implementation and enforcement of the measfrége Nitrates Directive must be
jointly with those of UNECE — CLRTAP and the IPP@daNEC Directives, so as to
circumvent type 1 pollution swapping.

In addition to NH emission ceilings and limits, input limits for Nol animal manure
and NQ concentration in groundwater and surface watengret is scope for
formulating targets for N use efficiency for speagif farming systems. Such targets for
N use efficiency have the advantage of providingemsure for an integrated N input
control and for the N loss to the environment.

There is scope for introducing effective and effitieconomic incentives to abate NH
and NO emissions and N{eaching simultaneously, provided that N inputtoolnis
the guiding and overall arching principle and ttiere is a well-balanced and joint
implementation.

Providing incentives via Rural Development measumeshe N use efficiency for
specified farming systems provides opportunitiesréwarding those farmers that go
beyond certain standard criteria and thereby deorgdN losses in an integrated way.
A tax on N fertilizer (or on fossil energy sourcesid / or on protein-rich animal feed
stuffs may also contribute to N input control andiricreasing N use efficiency, and
thereby on decreasing N losses in an integrated ttawever, a tax on N fertilizer
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and/or protein-rich animal feed will also penalfsemers that use N fertilizer and
protein-rich animal feed judiciously, and was tliere considered unfeasible in the
recent past. With a greater priority in EU poliay dimate change, fossil energy use
and N emission control, new perspectives may emerge

Animal welfare regulations for animal housing sltbbé combined with NiHand NO
abatement measures and )\N\é€aching abatement measures

In addition to spatiatoningof areas with high nature values and/or vulnerablHO;
leaching (within the context of the Nitrates Ditieget and the Birds and Habitats
Directives), there is scope for spatm&nningof N polluting agricultural activities in
areas that are less vulnerable. This can be releslan given the trends towards
conglomerating large, specialized and intensivengain areas with cost-specific
advantages (which do not have necessarily natuxeaycling specific advantages).
The role of the agro-complex (suppliers, farmerscpssing industry and retailers) has
so far received little or no attention in decregshh losses from agriculture. This is
surprising, as the agro-complex and especially Igengp processing industry and
retailers play a dominant role in (the developmeftagriculture. It is suggested to
explore the potentials of the agro-complex in inwing N use efficiency and
decreasing N losses from agriculture.

So far, the leakages of the N species from theshiolehe pipe have been considered
equally (damaging). We recommend examining the riiate ecological damage of
each of the N species involved so as to makingirgramong the N species.

So far, the conclusions and recommendations anerr#tteoretical; joint sessions with
farmers, advisers and policy makers should be argdrio bring the messages down to
earth and down to practice and policy.
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4. In-depth Assessment of the most Promising Meases

4.1. Introduction

This chapter summarizes the results of Task 3@fimmonia Service Contract. The aim
of this Task has been defined in the call for ter{dee Annex 5) a¢i) to identify a list of
most promising (package of) measures to decreaseehissions of ammonia, nitrous
oxide and methane to the atmosphere and nitraggdandwater and surface waters, (ii)
to select three (packages of) most promising measwafter a dialogue with the
Commission, and (iii) to make an in-depth assessmkthe cost and impact of these
(packages of) most promising measurdg”addition, the most effective European and/or
national instruments should be identified to impb@atthe most promising measures.

In order to be considered as promising, the (paekdgmeasure should correspond to the
following criteria, according to the call for temd@&nnex 5):

(v) Co-beneficial effects for water, air, climate charamnd soil protection;

(vi) Feasible notably from an administrative and enfabdéy point of view;

(vii) Potentially acceptable by the farmers notably fbatxconcerns costs and additional

efforts at farm level;

(viii) Compatibility with the need for improved animal vesk’.
The call for tender mentioned that “the list of inpsomising measures will include at
least adapted feeding strategies aiming at ensuhagsame 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”.

The results of this task have been reported in Ar8t& This chapter summarizes the
results, as follows. Paragraph 4.2 summarizes lplessieasures to decrease the emissions
of ammonia, nitrous oxide and methane to the athmrgpand nitrate to groundwater and
surface waters, and it provides a justification floe selected three packages of most
promising measures. Paragraph 4.3 discusses tmargie and assumptions in these
scenarios

5 Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidviost Promising Measures. Ammonia Service
Contract 070501/2005/422822/MAR/C1, Task 3. EureCBonn.
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4.2. Possible measures to decrease emissions fragni@ulture to the environment

A large number of technical, structural and manag@melated measures for mitigating
emissions of ammonia, nitrate, phosphorus, nitraxide, methane and carbon dioxide
from agricultural systems have been suggestedemature (e.g., Romstad et al., 1997;
Hatch et al., 2004; Kuczybski et al., 2005; Cuéieal., 2004; Mosier et al., 2004; Gairns
et al., 2006; Weiske et al., 2006; Soliva et @00&). Many of these measures have been
reviewed and qualitatively assessed in Task 2 and been summarized in Chapter 3 and
Annex 2° of this Report.

Measures for mitigating emissions of ammonia, tetrgphosphorus, nitrous oxide,
methane and carbon dioxide from agricultural systemist be considered from a whole-
farm perspective (Montenty et al., 2006; Weiskalgt2006; Petersen et al., 2007). This is
so, because farmers have to implement the measutieis a certain farm setting and
farm management. From a whole-farm perspectives @onvenient to distinguish three
categories of measures:

(i) management-related measures,

(i) technical and technological measures, and

(iii) structural measures.

Management-related measur@lude best management practices, i.e., improvirg
operational and tactical management of animal fegdiousing, manure, soils and crops.
These measures increased knowledge and experiéneeners and therefore require
training, advice and support by management todies& types of measures do comply
with the criteria of most promising measures intéédan paragraph 4.1.

Technical and technological measuredten require investments in ‘hardware’, in
machines, animal housing systems, manure storagiem@mure application techniques,
anaerobic digesters and manure treatment, anccraiblsers. These measures are often
costly and also require increased knowledge anckreeqce of farmers and therefore
require training, advice and support by managenteals. Some of these types of
measures may comply with the criteria of most psing measures indicated in paragraph
4.1, but quit a few are to costly.

Structural measuresire least defined. A distinction can be made betwkarge-scale
structural changes and changes in the structufarming systems. Large-scale structural
changes include for example (i) changes in nuntgpe, size of agricultural holdings and
in the type and total volume of agricultural protioic, (i) changes in the relative
importance of production factors and resources d(lalabor, capital, energy and
management); and (iii) changes in the organizadod vertical integration of food
producing and food processing chains. These largke-structural changes do not comply

6 Annex 2. Oenema, O. and G.L. Velthof 2007. Anialgs International and European Policy
Instruments: Pollution Swapping. Ammonia Servicenttact 070501/2005/422822/MAR/C1, Task 2.
Alterra Report. Wageningen.
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with the criteria of most promising measures intidan paragraph 4.1, and are therefore
not considered further. Farm-scale structural nresstelate to changing the structure of
the farm, for example from mixed to specializedrfeng systems, or from landless to
mixed livestock systems. It may also relate toteltisg and combining various crop and
animal production systems to integrated novel systthat have low resource utilization
and low emissions per unit of product produced. B\wv, such structural measures
(changes) require large capital investments (teeh@nd social) and do not comply with
the criteria of most promising measures indicateddragraph 4.1, and are therefore also
not considered further.

Summarizing, most promising measures as definethenAmmonia Service Contract
relate to management-related measures, and toitathand technological measures.
Further, most promising measures must focus ont iogutrol, to circumvent or minimize

the risk on pollution swapping (see Chapter 3).d¢eMN input control and management-
related and technical/technological measures fone huilding blocks of the most

promising measures for mitigating emissions of amiaonitrate, phosphorus, nitrous
oxide, methane and carbon dioxide from agricultayatems.

Major sources of N in agriculture of EU-27 are Ntifezers (about 10 Tg per year),
animal manure (produced about 9 Tg per year; applieagricultural land about 5 Tg per
year), biological M fixation (about 1 Tg per year) and atmosphericdgasition (about 2
Tg). The N from animal manure is derived from aririegeed and can be considered as
recycled N. Part of this recycled N is derived fronported animal feed. Van Egmond et
al., (2002) estimated the amount of N in importeoral feed in Europe at about 7 Tg per
year. The N from atmospheric N deposition can diesitlered also as recycled N; about
half is derived from Nk emitted from agriculture and the other half iggidy derived
from NOx derived from combustion sources. Summarizing,niagor sources of ‘new’ N
in agriculture of EU-27 are N fertilizers (~ 10 Ppgr year) and imported animal feed (~ 7
Tg per year). Hence, N input control as measurenfitigating emissions of ammonia,
nitrate, phosphorus, nitrous oxide, methane andoradioxide from agricultural systems,
should focus on N fertilizer input and N input @aimal feed. Lowering N input can only
be considered as ‘most promising measure’ if cnadg and animal performance is not
significantly decreased. Hence, lowering N inpubidy acceptable as most promising
measure if the N use efficiency within agricultisencreased proportionally to keep the
production level constant. Improving N use effiagns therefore another building block
of the most promising measures for mitigating eraiss of ammonia, nitrate, phosphorus,
nitrous oxide, methane and carbon dioxide fromcagfiral systems.

Improving nitrogen (N) use efficiency in agricukuris considered to be the most
promising and most integrated measure to decredssdds from agriculture (Mosier et
al., 2004; Hatch et al., 2004; Kuczybski et al.020Cuttle et al., 2004; Gairns et al.,
2006; Weiske et al., 2006; Soliva et al., 2006)proving N use efficiency means that
agriculture produce is made with less N (input) #rat N losses are decreased. Improving
N use efficiency often requires combination of as measures, including improved soil,
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crop and animal management, improved genetic pateof crops and animals, and
emission abatement measures. Such packages of neeaswe to be implemented jointly
with a decrease in N input and/or an increaseetdyand N off take. Such a strategy has
the potential of synergistic effects, i.e. decnegghe losses of all N species at acceptable
economic costs, with minimal risk of pollution svipgy (see Chapter 3).

Balanced N fertilization in crop production and kpnotein animal feeding in animal
production combined with low-emission storage, hiaigdand application techniques for
animal manure can be seen as the main vehiclempoove N use efficiency in EU
agriculture. Balanced N fertilization is a measafehe Nitrates Directive, though only
enforced in Nitrate Vulnerable Zones (NVZs). Howetbere is considerable discussion
about the interpretation of ‘balanced fertilizatiand there is delay in the implementation
of the Nitrates Directive (Zwart et al., 2007. As@sequence, ‘balanced N fertilization’
is not implemented in full in practice.

It this study, balanced N fertilization was implented in a uniform way to all agricultural

land in the EU-27, because of its synergistic é$fehrough decreasing nitrate leaching
and emissions of ammonia and nitrous oxide simatiasly. The Nitrates Directive in

combination with the Water Framework Directive ghd Groundwater Directive seem
the most likely policy instruments to implementdraded fertilization beyond NVZs.

Low-protein animal feeding in animal productioncemmon practice in some Member
States, but is in the EU-27 only implemented lggait large pig and poultry farms in the
EU-27 through the IPPC Directive (so-called IPP@nfs). Low-protein animal feeding is
also a measure of the Guidelines for ammonia alatemeveloped by the Working
Group on Ammonia Abatement of the UNECE Convention Long Range
Transboundary Air Pollution (CLRTAP). Improving tle#ficiency of N utilisation at the
animal level requires both genetic improvementhef herd, a better description of feed,
and higher quality feed with a proper balance ofnarmacids (and hence a low protein
content). The first limitation for animal produaticand an efficient utilization of feed
protein is an adequate supply and intake of feeuggnand amino acids in proper ratios.
Ensuring low-protein animal feeding in animal protion in practice may be achieved by
the IPPC Directive on IPPC farms but likely alsootigh the Nitrates Directive. This
Directive enforces a maximum application of N vidanaal manure of 170 kg per ha per
year, and thereby exerts influence on loweringNtexcretion per animal; the lower the N
excretion per animal, the more animals can be gepha agricultural land. Alternatively,
implementation of low-protein animal feeding in giee may be achieved through
communicative and persuasive instruments, as teeafdow-protein animal feeding is
relatively low (apart from the cost in training acabacity building)..

Low-emission storage, handling and application égpires for animal manure have been
discussed for over a century (e.g., Erisman, 2080) a large amount of convincing
experimental evidence has been collected abowftbetiveness of these techniques and
measures (e.g., Burton and Turner, 2003; Web eP@03; Kuczybski et al., 2005; Rotz,
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2004). In the EU-27, these techniques and measuesmplemented on large pig and
poultry farms in the EU-27 through the IPPC Direeti(so-called IPPC farms), and
described extensively in Reference Documents (EaopCommission, 2003). The
Guidelines for ammonia abatement developed by thmkingg Group on Ammonia
Abatement of the UNECE Convention on Long Rangen3laundary Air Pollution
(CLRTAP) also provides detailed instructions, aadiaus Member States do recommend
and/or enforce these techniques and measures ¢tiggraHowever, these measures and
techniques require capital investments and aresfitver rather costly. The measures will
decrease N losses from animal manure and haveotbatfl benefit of replacing fertilizer
N and thereby decreasing N losses associated witlerfNizer production and use.
Anaerobic digestion of the animal manure duringagie has the additional advantage of
producing CH to be used as biofuel. It encompasses the pergpeadf minimizing
emissions of odours, NHN,O and CH during storage, and minimizing emissions gON
following application to land. The effectiveness tbe manure as N fertilizer is also
increased following application of the digested ovento land, but the digested manure
has to be injected in the soil to minimize Nldsses following application (e.g., Burton
and Turner, 2003).

Summarizing the following set of measures have been seleatednost promising
measures for mitigating emissions of ammonia, t@frgphosphorus, nitrous oxide,
methane and carbon dioxide from agricultural systésee also Annex'5:

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

(i) Improving N use efficiency in crop production amavering N input in agriculture
through balanced N fertilization and improved camy soil management; and

(i) Combination of (i) and (ii) plus enforced implem&idn of technical measures to
decrease NElemissions.

4.3. Description of the scenarios

As indicated in Chapter 2.3, scenarios are naeatof alternative future environments, or
hypotheses of the future, specifically designedighlight the risks and opportunities.

The most promising measures discussed above hase desessed though ‘scenario
analyses’. It has been assumed that the most grgmimseasures are implemented in
practice by 2020, and the effects of the implenmt@naof the most promising measures
have been analyzed in terms on emission decreagstinents and income foregone. This
paragraph explains ‘the translation of the mosipsong measures in scenarios’. An
overview of the scenarios analysed in this tagkesented in Table 2.3.

I Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidviost Promising Measures. Ammonia Service
Contract 070501/2005/422822/MAR/C1, Task 3. EureCBobnn.
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The ND full 2020 scenario was used as referenceasicefor the analyses of the most
promising measures. This scenario has been deddrilaetail in paragraph 2.3. The ND
full 2020 scenario is based on tidational Projections” baseline scenario for theisin of
the NEC Directive, but in addition includasstrict interpretation of balanced N fertilizatiion
NVZs. This baseline was chose as reference at tlggestion of the European
Commission.

4.3.1. 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 dwed of lowering. Two lines of
reasoning have been applied in this study to aratvean estimate of the windows or
opportunity for decreasing the N excretion by ltee&k in EU-27. The first line of
reasoning is based on the current N excretion $euelthe RAINS database and the
theoretical/practical limits based on animal phixiy as indicated in literature. Taking
the mean N excretion values per animal type oRAENS database as point of departure
is based on the fact that RAINS is used as instnisnfor assessing current and future
gaseous N emissions in EU-27. The N excretion galnghe RAINS database are based
on country specific information provided by expedrd are regularly updated. As
indicated in Annex 3 to this report, the gap between the apparent rikearcretion per
animal type of the RAINS database and the curdeedretical/practical limits is rather
small. This suggest that the scope of loweringghaein content of the animal feed in
current practice is relatively small, in the rarmgd 0% to maximal 20% (Annex 3).

The second line of reasoning is based on statiiopirical data from practice. For

example, data presented in Figure 4.1 indicatesttigaN 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 #3sxcretion) ranged from 3 to 6 kg per year in
1999-2000. The scatter suggests that there magrhe srrors involved in the recording
of the data, but the variation also indicates thate is scope for (further) lowering of the
N and P excretion of fattening pigs on many farmsl® — 30 % (Hubeek and de Hoop
2004).

18 Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidviost Promising Measures. Ammonia Service
Contract 070501/2005/422822/MAR/C1, Task 3. EureCBonn
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Figure 4.1. Relationship between the mean excretfoN and P (in ROs) by fattening
pigs at farm level in 1999-2000, for specializettefiaing pig farms in The Netherlands
(Source FADN database, Hubeek and de Hoop, 2004).

A similar variation between Member States in meagxbletion of cattle, pigs and poultry
has been observed on the basis of data statidtitsecanimal feed imports, domestic
forage and fodder production, and the number ahals and their energy and protein
requirements derived from the CAPRI database. TRER} 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 4.2).

As yet, it remains unclear which line of reasongmgvides 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. Thelifies of reasoning was used in the
scenarios assessed by MITERRA-EUROPE (see Chaptda®ed on the desk study
presented in Annex 3, it was assumed that the Me@go of dairy cattle, other cattle,
pigs and poultry, as presented in the RAINS dawltas be decreased by on average
10% through a combination of low-protein animal dieg, and improved animal
management, improved genetic potential of the hendkless replacement calfle As a
way of sensitivity analysis, a variant with 20% kN excretion was included.

9 Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidviost Promising Measures. Ammonia Service
Contract 070501/2005/422822/MAR/C1, Task 3. EureCBonn
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Figure 4.2. Protein surplus and energy surplus mmaal production in European
countries according to the CAPRI database (Anrféx 3

As regards implementation of the low-protein aninfeéding, two variants were
considered, i.e., (i) on IPPC farms only, and ¢ ‘all’ farms in EU-27, but the
percentage implementation was different for différ®ember States (Table 4.1). These
percentages were based on the general idea thahdhagement of animal feeding is

more advanced in the EU-15 Member States thareiméfiv Member States.

20 Annex 3. Witzke, P. and O. Oenema, 2007. Assessofidviost Promising Measures. Ammonia Service

Contract 070501/2005/422822/MAR/C1, Task 3. EureCBonn
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Table 4.1. Level of implementation (level of peatein, in %) of ‘low-protein feeding’
for dairy cattle, other cattle, pigs and poultry #ach country included in the analysis for
the years 2000, 2010 and 2020. Note that the y6a0 has been used as reference year
(zero level implementation), though it is acknowkl that various farms have
implemented some level of low-protein feeding alye@ee also text).

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
CcY 0 0 0 0 25 13 25 25 75 38 75 75
cz 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
FI 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
SI 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

The second line of reasoning was used in the sosnassessed by CAPRI. Here, the
percentage decrease in N excretion was assess€dPRI, on the basis of the protein
excess in the animal feed per Member States. Hememstry-specific and animal-type-
specific assessments were made of the perspedtivéswering N excretion. However,
because inaccurate recordings of feed quantitiiserofficial data statistics might distort
the nutrient balancing in CAPRI, safeguards havenbéntroduced to prevent an
exaggerated assessment of the avoidable prote@s&xc
* In case that both an energy surplus and a protepius is estimated it is assumed
that the energy surplus is either indicative of egah waste in feed use of the
agricultural systems concerned (affecting both gyeand protein), which is
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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 wbimply 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 experimerguations and evidently
unrealistic for the vast majority of all farms.

Furthermore it is proposed that low protein feediegoromoted through a combination of
advisory services and financial incentives fromi-agwvironmental measures. A 100%
penetration will be difficult to achieve in this waTable 4.1 above assumed that the
knowledge level would develop sufficiently to acheethis in EU 15 countries but that in
other countries penetration would be smaller. Thergy surplus bars in Figure 4.2
support the assessment that surplus feeding mapestsignificant in current agriculture
of the New Member States. If surplus feeding isidicant there is also a large potential
to avoid this through simple measures which canimbglemented easily such as a
reasonable assessment of the farmers own fodderceHgenetration rates in New
Member States may be just as high as in EU15 desntPrevalence of inefficiency also
applies to non dairy cattle production such thatliapbility of low nitrogen feeding may
again be higher than indicated in Table 4.1 abbueificiency may be reduced. For this
analysis we have to acknowledge that future petetraates are quite uncertain. In the
CAPRI simulations we have used a uniform penetnatade of 75% for all countries and
activities therefore, which is about the averag2080 from Table 4.1, but gives a larger
weight to the nitrogen saving ‘potential’ as oppbs®the current ‘knowledge’ aspect. All
these considerations are built into the followiaglé (Table 4.2).

Table 4.2. Achievable decrease in protein supplgrimal feeding, as a function of the
initial protein surplus and the calculated energyus for the 10% reduction scenario

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

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

5.0% 0.0% 3.8% 7.5% 11.3% 18.9%

20.0% 0.0% 3.2% 6.5% 9.7% 16.1%

30.0% 0.0% 2.9% 5.9% 8.8% 14.7%

50.0% 0.0% 2.5% 5.0% 7.5% 12.5%

Table 4.2 is applied to all countries and animdivaes such that the differences in the
initial estimate of the protein surplus determihe percentage decrease applied. For the
typical case (see Figure 4.2) of a protein surpfi20% combined with an estimated
energy surplus of 5% we obtain a decrease of 7.3f6hmMs downscaled from the full
10% decrease due to the assumed 75% penetrateorFatthe 20% decrease scenario a
similar table has been used giving an effectivereise of about 13.5% for the typical
case (protein surplus = 20%, energy surplus = 5¥is acknowledges that penetration is
likely to be a bit smaller if the measure is mongbéious.
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4.3.2. Description of the economic cost analyses
The implementation of low-protein animal feedingyncause different types of cost:
» Additional feed cost for optimised low protein cooomd feeds apply mainly on
highly efficient farms.
» Additional costs for handling facilities related several 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#let 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). fer CAPRI simulations we had to
apply a workable hypothesis covering all countaesl animal activities. The first idea
underlying this hypothesis is that the costs aoeeasing if the relative decrease of the
protein surplus increases. This relative decreassgimply the ratio of the decrease in
protein supply from Table 4.2 to the initial pretesurplus. It is assumed that additional
costs go to infinity as the relative decrease aggtes one (because perfect efficiency is
unattainable) and that they are zero for a zerativel decrease. Furthermore the
additional cost is expressed as a mark up of Inided cost to incorporate differences
between animal types and countries. The free pdearnrethe approximating formula has
been chosen to give about 1.65 € per fattened pig7o€ per dairy cow in terms of
additional feed cost under typical circumstaiteghese costs are somewhat lower than
in the December simulations in RAINS (about 3.3u€d5er fattened pig, 55 € dairy cow)
in view of the ongoing downward revision in RAINBhis is supported by information
from German DVT representatives (FEFAC member) &odn Dutch feed experts
suggesting that the cost in RAINS may be somewkeggerated for current technologies
and prices.

For the strong reduction scenario the effectiveatt#tins 80% of the initial surplus which
would bring farmers closer to the technologicalnfrer (BAT). The additional costs
would strongly increase therefore and amount t€ B@r fattened pig or 160 € per cow.
Even though this strong decrease is unlikely tinfigemented in full it is nonetheless of
interest for a sensitivity analysis.

4.3.3. Description of the balanced fertilization scenario

The scope for improving N use efficiency in cropguction and lowering N input in
agriculture through balanced N fertilization waplexed 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 congemms literature about the definition of
‘balanced fertilization’. In this study, balancedrtilization was defined in its most
‘straight’ form:

21 The formula is: ¢ * relative cut / (1-relativettwhere ¢ = 0.05. For a relative cut of 40% athin

first line of Table 4.2, we obtain a percentageédase of feed cost of 3.3% or 1.65 € if feed 80 €
(typical for fattening of pigs) or 27 € if feed ¢ds 800 € (case of dairy cows).
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X (input of available N from all sources)X (N demand by the crop).

The procedure for assessing balanced fertilizates been described in detail in Chapter
2 and in Annex 1. The concept applied here is anid the concept described in Chapter
2; the only difference is that balanced fertilipatin the scenario ND full 2020 is applied
to NVZs only, while it is considered applicable @b agricultural land in the current
scenario (Balfert 2020). The assessment of balahtéertilization was made by both
MITERRA-EUROPE and CAPRI. Because MITERRA-EUROPH &APRI use slightly
different approaches and definitions for balancedeNilization, the results of both
models may be seen as sensitivity analyses too.

In the CAPRI model, balanced fertilization implibasically an 80% decrease of the
initial ‘overfertilisation’ (available N input / Mutput), taking into account that balanced
fertilisation is already part of action programs /Z. This is a somewhat simplified and
moderated version compared to the MITERRA-EUROHEutations. 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. Concealiy we should assess and value these
additional management efforts which are not feaditdwever. Instead, we assumed a flat
rate cost of 25 € per ha for a full elimination aferfertilisation (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 effevtaild be higher in the New Member
States. In view of transparency and lack of quame information we opted for the
uniform flat rate assumption.

4.3.4. Description of the optimal combination scenario

The combination of balanced fertilization with & sé low-emission manure techniques
for animal manure storage and application is cared to be the most optimal and far
reaching scenario. The concept of balanced N ifeatibn applied here is similar to that
described in chapter 4.3.2. Following consultatiwith the Commission, the National
Projections baseline scenario for the revision e NEC Directive, but optimized to
achieve the targets of the Thematic Strategy inD2BRAINS optimized 2020 scenario)
was chosen as feasible set of low-emission marterage and application techniques.
Hence, the ‘optimal combination scenario’ is a corabon of RAINS optimized 2020
and Balfert 2020 and is the most far-reaching stena

The cost data for the optimised 2020 scenariorara RAINS except for the case of low

nitrogen feeding and balanced fertilisation whehne tbove assumptions have been
applied in CAPRI.
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An overview of the scenarios analyzed in Task 3hef Ammonia Service Contract is
presented in Table 4.3.

Table 4.3. Overview of the scenarios analyzed skTaof the Ammonia Service Contract

Scenarios Description

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

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

2. LNF 10%, all farms, 2020 ND full 2020 (see aboplkeis 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 a)gsus low-protein animal feeding that leads to
a 10% decrease in N excretion, applied to IPPCSamty

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

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

7. Optimal Combination, 2020  Rains optimized 2028e(Table 2.6) plus Balfert 2020
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4.4. Results of the scenario analyses by MITERRA-EROPE.

A total of 6 scenarios and the reference scenaiidfull 2020) have been analysed in this
study (Table 4.3). Low-protein animal feeding h&sa on the N excretion and thereby
on the amount of N in animal manure. Balanced Mlifzation (Balfert 2020) may have
effect on the N fertilizer use and on the amounnahure N applied to agricultural land.

Table 4.4 shows the mean changes in the N inpuagriculture of the EU-27. The LNF

10%, 2020 scenario decreases the amount of N makmhanure applied to land at EU-27
level by 7%, when applied on all farms, and by 1¥%ew applied on IPPC farms only.

Doubling the target for low-protein animal feedihy 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 Combinati@A®scenario have a drastic effect on
the amount of manure N, especially in countriehwib or a small area of NVZ in 2020

(see Table 2.5). Fertilizer N input is not sigraintly affected by the LNF 10% and LNF

20% scenarios, but is greatly affected by the Bal2620 and the Optimal Combination

2020 scenarios. Again, the decreases are largesiuntries with no or a small area of
NVZ in 2020.

As discussed also in Chapter 2, the strict intégpien of balanced fertilization has large
influence on the N input via N fertilizer and animaanure N (Table 4.4). The decreases
in animal manure N in the Balfert 2020 scenaricmdbpertain to the manure from grazing
animals (N excretion by grazing animals does natrekse in the Balfert scenario). In
practice, decreasing the N input via fertilizer Ndaapplied animal manure N to grazed
grasslands, as in the Balfert 2020 scenario, Willy decrease the protein content of the
herbage. However, such a feedback is not yet iedud MITERRA-EUROPE. As a
result, the projected relative decreases of theuatsoof manure N in the Balfert and
Optimal Combination scenarios are likely too large.

The decrease in applied N via animal manure (Tdb¢ implicitly assumes that some
manure N has to be disposed elsewhere. As discagsedn Chapter 2, the decrease in
animal manure N brought about by balanced fertilmawill require a combination of
low-protein animal feeding and manure treatmenis Bouggest that full implementation
of ‘balanced N fertilization’, as defined here, Wiked at the same time implementation of
‘low-protein animal feeding’ to be able to decreése N excretion by the animals to the
level that the manure N can be ‘absorbed’.

The projected decreases in applied animal manuire the Optimal Combination 2020
scenarios are larger than the projected decreaststilizer N. This is opposite to the
changes projected for the ND full 2020 and WFD 26@6narios discussed in Chapter 2,
and the Balfert 202 scenario. The relative stroegyelase in manure N relative to fertilizer
N is in part related to the assumptions in MITERRBROPE, in part also to the fact that
NH3 emission abatement measures in the Optimal @atibn 2020 scenarios contribute
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to increased N contents of the animal manure. Asrsequence, less animal manure can
be applied within the concept of Balfert 2020 ia ptimal Combination 2020 scenario.

Evidently, the results of the Balfert 2020 and @@imal Combination scenarios are very
sensitive to the assumptions made in the calculadiothe N input. Some preliminary

sensitivity analyses have been made, but thereciea need for further exploring the
influence of assumptions and factors in these soEnanalyses.

Table 4.4. Main N flows in agriculture in EU-27 2920 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% LNF 10% 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

Because of the changes in the amounts of excret@dadNn the applications of manure N

and fertilizer N to agricultural land, leaching $es decrease significantly (Table 4.5).
Total decreases in leaching are largest in then@tCombination 2020 scenario. Note

that the LNF scenarios have a relative large imftgeon the leaching losses from manure
storage.

Table 4.5. Total N leaching losses from agriculttogroundwater 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 LNE@24 on all farms scenario, the LNF
10% on IPPC farms scenario, the LNF 20% on all fasnenario, the LNF 20% on IPPC
farms scenario, the Balfert 2020 scenario and thinoal 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

The decrease in N input via animal manure anditestiin the LNF, Balfert and Optimal
Combination 2020 scenarios have a strong effe¢che®missions of N N,O, NOy and

94



CH, to the atmosphere and the leaching of N to groateand surface waters. Figure
4.3 provides an overview of the changes in the gons of NH, N,O and NQ and the
leaching of N in these scenarios. Decreases inseons and leaching are large for the
scenarios LNF 20% on all farms 2020, Balfert 2020¢d Optimal Combination 2020.
Effects of the scenarios LNF 10% and LNF 20% ajpiptee IPPC farms in 2020 only are
relatively small.

3000 - N emission, kton per year W total NH3 emission
Ototal leaching
Wtotal N20O emission

Ototal NOx emission

2500 -

2000 ~

1500 -

1000 -

500 A

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

Figure 4.3.Gaseous N losses and N leaching losses from agsieuib the ND full 2020
reference scenario and the LNF, Balfert 2020 andif®@ combination 2020 scenarios.
For explanation of scenarios see Table 4.2 and gaxph 4.3.

In Task 3, the ND full 2020 scenario was chosethageference scenario. Emissions of
NH3 in the ND full 2020 scenario are 14% lower compai@ the reference year 2000
(Table 2.15). The estimated total BEimission from agriculture in this scenario are 298
kton per year in the EU-27 (Table 4.6), which isgbly ~300 kton NH per year above
the calculated emission level in the EU-27 (see Ariaal., 2006b) to achieve the targets
of the Thematic Strategy on Air Pollution for B{dee Table 2.3).

The LNF 10% 2020 scenario decreases the emissibiNHe at EU-27 level by 6%
relative to the ND full 2020 reference scenarioewlapplied on all farms, and by 1%
when applied on IPPC farms only. Doubling the tafge low-protein animal feeding to
20% decreases the emissions ofsNid 11% and 2%, when applied on all farms and IPPC
farms only, respectively (Table 4.6). Clearly, titejected 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&trategy on Air Pollution.
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The Balfert 2020 scenario and the Optimal Comboma2020 scenario also have large
effects on the emissions of Nirable 4.6) especially in countries with no omaadl area

of NVZ in 2020 (see Table 2.5). Balfert 2020 dese=athe emissions of NHy 4% and
the Optimal Combination 2020 scenarios by 19%. Ag#ie decreases are largest in
countries with no or a small area of NVZ in 2020

Table 4.6. Ammonia emission from agriculture in EUin kton NH, according to the
ND full 2020 scenario, and the calculated changdative to the ND full 2020 scenario
for the LNF 10% on all farms scenario, the LNF 10%IPPC farms scenario, the LNF
20% on all farms scenario, the LNF 20% on IPPC farsetenario, 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 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 N leaching losses decrease in all scenariosiiard in this task (Table 4.7). The
LNF 10% 2020 scenario decreases N leaching losdeg-27 level by 4% relative to the
ND full 2020 reference scenario, when applied draains, and by 1% when applied on
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IPPC farms only. Doubling the target for low-prot@nimal feeding to 20% decreases the
N leaching losses by 7% and 2%, when applied orfaaihs and IPPC farms only,
respectively. The Balfert 2020 scenario and thargtCombination 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 leachHosgses by 11% and the Optimal
Combination 2020 scenarios by 14% relative to #ierence scenario ND full 2020.

Table 4.7. Leaching losses of N from agricultur&27 in kton N, according to the ND
full 2020 scenario, and the calculated potentiabhipes relative to the ND full 2020
scenario for the LNF 10% on all farms scenario, thid¢F 10% on IPPC farms scenario,
the LNF 20% on all farms scenario, the LNF 20% BRC farms scenario, 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 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
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The NO emissions (Table 4.8) decrease also in all smaxamined in this task. The
LNF 10% 2020 scenario decreases the emissions@failEU-27 level by 4% relative to
the ND full 2020 reference scenario, when appliecalb farms, and by 1% when applied
on IPPC farms only. Doubling the target for low4gio 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 decrealsestnissions of Y0 by 4% and the
Optimal Combination 2020 scenarios by 3% relativehte reference scenario ND full
2020.

Table 4.8. Nitrous oxide emissions from agricultur&U-27 in kton BO-N, according to
the ND full 2020 scenario, and the calculated pb&rchanges relative to the ND full
2020 scenario for the LNF 10% on all farms scenatiee LNF 10% on IPPC farms
scenario, the LNF 20% on all farms scenario, thé=L20% on IPPC farms scenario, the
Balfert 2020 scenario and the optimal combinatioargrio.

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
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The CH, emissions from agriculture (not shown) were onlighély (changes < 1%)
affected in scenarios examined in this task. The-nresponse is related to the facts that
the number of (ruminant) animals do not changeha ELNF 2020, Balfert 2020and
Optimal Combination 2020 scenarios, relative thference scenario ND full 2020, and
that MITERRA-EUROPE does not account for possiffects of low-protein animal
feeding on CH emissions.

Table 4.9. Relative surpluses of manure N, in pat of the total N excretion per Member
State, in the ND partial 2010 and ND full 2020 séos and the WFD 2020 scenario.
These relative amounts of manure N have to be adeaand/or removed (see
text).

Surplus amount of manure N, %

Country ND full  LNF10% LNF 10% LNF20% LNF20% Balfert Optimal
Austria -2 -1 -2 -1 -2 -2 -1
Belgium -21 -18 -21 -16 -20 -21 -18
Bulgaria 0 0 0 0 0 0 0
Cyprus 0 0 0 0 0 -28 -28
Czech. Rep 0 0 0 0 0 0 0
Denmark -6 -2 -6 0 -5 -6 -4
Estonia 0 0 0 0 0 0 0
Finland -10 -9 -10 -9 -10 -10 -10
France -13 -12 -13 -9 -12 -18 -17
Germany -7 -6 -7 -5 -7 7 -6
Greece -4 -4 -4 -4 -4 13 -13
Hungary 0 0 0 0 0 0 0
Ireland 0 0 0 0 0 0 0
Italy -1 -1 -1 -1 -1 5 -5
Latvia 0 0 0 0 0 0 0
Lithuania 0 0 0 0 0 0 0
Luxembourg 0 0 0 0 0 0 0
Malta 0 0 0 0 0 41 -41
Netherlands -14 -13 -14 -12 -14 14 -13
Poland 0 0 0 0 0 1 -1
Portugal 0 0 0 0 0 -18 -18
Romania 0 0 0 0 0 0 0
Slovakia 0 0 0 0 0 0 0
Slovenia -8 -7 -8 -7 -8 -8 -9
Spain 0 0 0 0 0 -10 -10
Sweden 0 0 0 0 0 -2 -2
United Kingdom 0 0 0 0 0 0 0

As indicated before, strict implementation of th® Null 2020 and Balfert 2020 has
consequences for the amounts of animal manurectratbe disposed properly within
NVZs and outside the designated NVZs in MembereStaf the EU-27 (see also Table
4.4). The amounts of animal manure that can baegpdepend also on the types of crops
and on the N demand by the crops. Table 4.9 prevale overview of the relative
surpluses of manure N in the Member States in the E for the various scenarios. Note
that the surpluses are relative to the amounts ek&eted, which may differ between
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different scenarios. In the ND full scenario, risaly large relative surpluses are observed
for Belgium and the Netherlands, but also for Feakinland and Germany. The latter
countries have regionally surpluses of manure NatiRe manure surpluses decrease in
the LNF scenarios, because of less N in the anmature, relative to the reference
scenario ND full 2020. In the Balfert 2020 scenar@ative large surpluses emerge for
some Member States with no or small NVZs. Pleage tiat the results for Malta and

Cyprus are at odd, because of inconsistency istatestical data.

Summarizingthe results of the scenarios analysed in thiptehalearly 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 ¢f 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 eedn N losses via leaching and
denitrification than on N losses via the emissiohs\NHz, N,O and NQ. Low-protein
animal feeding has a rather steady and constasttesh all N loss pathways. It decreases
the amount of N in animal manure (Table 4.4).

Implementation of balanced N fertilization as definn this study decreases N fertilizer
use (Table 4.4), and in some areas also the amofiagplied manure N. As indicated

before, it is assumed that the decrease of appii@daure N is ‘treated and taken out of
agriculture’ or ‘not produced to low-protein aninfaéding’. Evidently, these assumptions
have large implications for agriculture. In gengfalering 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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4.5. Results of the scenario analyses by CAPRI

The scenarios indicated in Table 4.3 have also bakmlated 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 farenalexady 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 ingpata scenario are presented in one

table. The impacts will be given for:

e 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 fisetr, selected activity levels).

In the following discussion we focus on the impaefsthe most promising measures
relative to the ND full 2020 scenario and give fesin terms of absolute changes and
percentage changes as both can be interestingdiagesn the question.

The implementation obalanced fertilization (Balfert 2020) in the whole area has only
effects in areas not covered by NVZs. As a consacpithis is manly a regional extension
of the ND full 2020 scenario to additional areasefall the CAPRI simulation gives a

9% decrease in EU27 mineral fertilizer use compaoethe ND full reference situation.

Impacts on mineral fertiliser use in Member Statssl to be larger (i) the smaller the
initial NVZ share, (ii) the larger the initial overtilisation, and (iii) the smaller the share
of mineral fertiliser in total N supply Table (4)10

In terms of regional variation we have to admit tine data situation in Cyprus and Malta
is quite difficult and that the percentage declinés86% and 51% in Table 4.10 are
overstated. CAPRI does include some safeguardseirfarm of minimum requirements

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

Agricultural income is expected to decline by abb® or 3.1 billion €. Acknowledging

the uncertainties in these simulations this giwsaf Euro of income loss about 50 g less
leaching, 20 g less Nfemissions and 6 g less® emissions.
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Table 4.10: Simulation results of CAPRI for thersg® balanced 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€] [ktonN] [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 N2O
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 -5.4 225 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 -7.7
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 5.1 -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 11.5 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 45 -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 -2.4 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 etffem the scenario balanced fertilization
relative to the ND full 2020 reference is showrthe Figure 4.4. It is evident that the
percentage losses are lowest where NVZs were enfpbalanced fertilization already in
the reference situation (green = gains in incowssds increasing with red colour). Other
factors such as the economic weight of the croposeperate to modify these impacts
but appear to be less important than the initiaZ\sVare.
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Figure 4.4. Regional variation of percentage incaeffects for scenario BALFERT
relative to ND full 2020. (Bars illustrate the disiution)



Table 4.11 gives the changes of main componentsgo€ultural income for scenario
Balfert 2020.

Table 4.11. Contributions to agricultural incomecacding 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 ] [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 esemated 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 fegtgisare not directly affected and more
importantly because the fertiliser value and quargiven in Table 4.11 includes the
imputed valueplant available manuréboth on the input and output side). The increase
in ‘other input’ mainly derives from our assumptoan additional management effort
needed to bring about this change in agricultaahfng practice.
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The change in agricultural income is one componéttie total change in ‘economic
welfare’ (Table 4.12).

Table 4.12: Contributions to the change in convami economic welfare according to
CAPRI simulations for the scenario balanced feréition (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 ingwastd the budget are hardly affected
such that the total welfare effect is almost eqaahe impact on agriculture. Note that
the budget impacts do not include estimated forrédtpired additional efforts of the
public advisory system such that the above wekfast is underestimated to some extent.
However, note also that the benefits of this arfteiotscenarios in terms of reduced
emissions have not been monetised. Finally the ‘n@t direct cost shows that in this
scenario the total welfare effects are almost idahto the ‘net’ direct cost, i.e. the
additional costs for higher managerial effort niethe 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 pramote
through agri-environmental programs and additicadisory work. It is assumed that
farmers do not compensate the decrease in N supmsops, following the decrease in
the N content of the animal manure, through inedaspplication of mineral fertilizers.
Everything else equal, mineral N fertilizer use Vadobe more or less constant therefore
following implementation of low-protein animal faad.

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

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

This indirect effect from reduced demand for protech grass is the main reason why
mineral fertilizer use would actually decline sonhevin the low protein scenarios.
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Increased efficiency has also the effect that, antipular 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 théensive pigs and poultry sectors but also
the avoidance of ‘waste’ in some form on cattlenfer For those there would be an
increase in management efforts (included undeh#aling of ‘feed related’ cost) but at
the same time there would be some cost savingside 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@meothereas intensive livestock farming is
already operating closer to the technological limltese differences change the relative
profitability in the livestock sector. For a dediim 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% becthmseelative cut of the surplus is the
same (50%). However the efficiency gain would bin#ie cattle sector. As a
consequence we see in many countries a small serefibeef production and at the
same time a decline in pork production (Table 4.C)rrespondingly EU prices of beef
are slightly decreasing (-2.0% in LNF10 all) whilerk prices are increasing (+4.7%).

Total excretion is evidently decreasing in the LBifenarios 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 effectleaching is larger than according
to MITERRA-EUROPE, among other reasons because ralifertilizer is slightly
increasing on aggregate in MITERRA-EUROPE (+1%) mehe it is somewhat
decreasing in CAPRI (-2% on aggregate). Some @iffegs also stem from the definition
of leaching in the tables which does not include thnoff parts in CAPRI which are
included in Miterra-Europg@.

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 4.2) because these determine theveelait factors applied to each animal.
However changes in activity level may modify th&sst round’ effects. In the case of
the Czech Republic we see from Figure 4.2 thaséone activities there will not be any
surplus at all and thus not a cut in protein suppiich does not hold for the cattle
sector). If excretion is increasing here, thi®ésause 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 prodoctiontributes 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®&FILO 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 4.13. Simulation results of low nitrogen fagdLNF 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 -35 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 -04 -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 55 -6.6 -21.2
Lithuania -5.3 25 0.6 -0.4 -2.8 -7.9 -6.2 -0.3 -34 -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 11 -0.3 -2.9 -1.8 1.0 -1.2 -2.3
Slovakia -1.6 1.3 0.9 -04 -0.8 -6.8 -5.3 0.9 -2.5 -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 -04 -8.3 -17.6
Sweden -5.3 5.1 2.6 18 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




Figure 4.5 shows the regional distribution of ineoraffects against the ND full
reference. It is evident that agriculture rarelyngarom the LNF scenario. Exceptions
are possible if countries are little affected bgreasing feed and management cost but
benefit from the general price increase on meaketsr

164N < 1348 &= - 1043 W& = T a0 TR AT A38s-1.95 1.35=< 147

Figure 4.5. Regional variation of percentage incoaféects for scenario LNF10, all
farms, relative to ND full 2020. (Bars illustratieet distribution)
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Table 4.14 gives the changes of main componengg€ultural income from scenario
LNF10.

Table 4.14: Contributions to agricultural incomecacding to CAPRI simulations for the

low nitrogen reduction target of 10% in all farmdNF10, all) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unitvalue EAA Quantity

[million €] [€/1] [1000 {] [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 impacts usecdeed demand would be

reduced, at least in terms of quantities. As a eguence cereal prices decline by about
6% which contributes to the loss in agriculturatdme. On the input side we see a
decline in the demand for feedingstuff which impligome savings in cost. However,

feed quality and quality of management has to emeewhich is covered under ‘other

input’ giving on balance an increase in costs ticatjure.



The change in agricultural income is one compomérthe total change in ‘economic
welfare’ (Table 4.15)

Table 4.15: Contributions to the change in convamdi economic welfare according to
CAPRI simulations for the low nitrogen reductiongiet 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 havédoexpected as mentioned above. In
addition to the impacts on agriculture there i®sslin consumer welfare. Furthermore
the processing industry, in particular for procegf oilseeds would also be affected by
decreasing prices for protein rich feedstuffs. lotpeon the budget are moderate and
mainly derive from additional export subsidies oereals and meat. As under the
BALFERT scenario we have to note that the budggiaicts do not include estimates for
additional advisory efforts and at the same timeaaioof the public advisory system such
that the above welfare cost are underestimatedrite £xtent. However, note also that
the benefits of this and other scenarios in terfnseduced emissions have not been
monetised. Due to significant impacts on consunarg the processing industry the
overall welfare effects considerably exceed thd’ ‘dieect cost of low nitrogen feeding.
In the case of low nitrogen feeding these costsvaimly for higher quality of feed and
management but net of some savings in quantitiesaso mineral fertiliser.

Moving to the partial implementation of LNF for IBPfarms only (with extended
coverage according tdPPC2 2020 in section 5 of the main report) we find much
weaker impacts in general but basically a quitalampicture in qualitative terms (Table
4.16).

Table 4.16: Simulation results of low nitrogen fiegd(LNF 10% 2020, IPPC farms) vs.
ND full 2020
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Absolute change LNF10 IPPC2 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

[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 -04
Belgium -0.1 11 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 15 -0.1 -9.2 1.0 -2.9 -4.5 -0.5 -2.2 -1.8
Czech. Rep -0.6 1.3 2.2 0.1 -0.7 -04 -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 -0.4 -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 1.8 -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 15 -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 4.6 shows the regional distribution of ineoraffects against the ND full
reference. It is evident that the income lossesgnculture are much smaller if the
application is limited to IPPC farms only. Note tth@gional heterogeneity within
Member States is not due to different shares ofCIR&#ms on which we do not have
information. It is mainly driven by differences production structure and possibly
differences in the estimated initial protein sugplu

1.7 <-1.23 1.23 <M Q.71 =020 20 =03 031<083 0B3<138

Figure 4.6. Regional variation of percentage incoeffects for scenario LNF10 IPPC
farms only, relative to ND full 2020. (Bars illuate the distribution)
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Table 4.17 gives the changes of main componenggfultural income from scenario
LNF10, IPPC farms only.

Table 4.17: Contributions to agricultural incomecacding to CAPRI simulations for the

low nitrogen reduction target of 10% in IPPC farfh&NF10 IPPC) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unitvalue EAA Quantity

[million €] [€/1] [1000 {] [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 iiméted to IPPC farms. Meat prices
are only expected to increase by 1% rather thar@@.under ‘LNF10 all' and cereal
prices would only drop by 0.8% rather than 6% in2ZUOn the input side we see the
counteracting changes for feeding stuff and ‘othput’ which incorporates the ‘quality
mark up’.
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The change in agricultural income is one compomérthe total change in ‘economic
welfare’ (Table 4.18)

Table 4.18: Contributions to the change in convardi economic welfare according to
CAPRI simulations for the low nitrogen reductionget 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 thareubiF10 (all) as mentioned above.

Nonetheless there is a loss in consumer welfareaaluds in the processing industry.
Impacts on the budget are quite small, disregardxmgenditure 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 othetet participants and enforce
economic adjustments involving welfare cost. Noaktbs even the ‘net’ direct cost give
already a more encompassing cost indicator thanwudiyral income effects alone.

With a further implementation of LNF towards a 2Q&sget many effects discussed
earlier would be strengthened of course. HoweVesiet 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 consumerdafgye part of the additional cost of

the measures would thus be passed on to consuwibeseas the economic impacts of
this scenario are important this evidently holdsva8 for the environmental gains (Table

4.19).

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

from above. This is mainly because the CAPRI situta tend to cover the efficiency
gains in the non dairy cattle and sheep sectomgedisbut some adjustments of activity
levels also contribute to the differences.
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Table 4.19: Simulation results of low nitrogen fiegdLNF 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 1.1 -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 -2.5 -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 -1.5 -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 -7.7 -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 18.0 285 -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 -11 -4.7 -3.0 2.2 -2.3 -5.0
Slovakia 1.1 4.5 6.7 1.6 -1.9 -11.4 -8.7 0.9 -4.3 -12.4
Slovenia -34 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 -75 145 35 12.7 9.3 -17.1 -15.3 0.2 -6.6 -55
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 4.7 shows the regional distribution of ineoraffects against the ND full
reference. There is a great regional heterogenpéwtly due to different productions
structure and initial protein surplus. The reldvieigh loss in Finland is mainly a basis
effect: Compared to many other countries Finishcagiure is not very profitable, for
example measures in terms of agricultural inconhtive to total revenue (about 30%).
A certain squeeze from additional cost may caukege relative drop in income when

starting from a low level.
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Figure 4.7. Regional variation of percentage incoeféects for scenario LNF20 all
relative to ND full 2020.
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Table 4.20 gives the changes of main componenggfultural income from scenario
LNF20.

Table 4.20: Contributions to agricultural incomecacding to CAPRI simulations for the

low nitrogen reduction target of 20% in all farmd\F20) vs. ND full 2020
EAA value  Unit value EAA Quantity EAAvalue Unitvalue EAA Quantity

[million €] [€/1] [1000 {] [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 imphets LNF10. Especially meat
production decreases clearly (-4.6%). Price in@gdsom animal products compensate
for the decrease in quantity such that the totadpction value is increasing. Price
effects on cereals are strong as well. On the ispmle¢ we see a marked decline in the
demand for feeding stuff which implies again sona®irggs in cost. However, feed
guality and quality of management has to increalielwis covered under ‘other input’
giving on balance a sizeable increase in costgricwdture (+11.4%).



The change in agricultural income is one compomérthe total change in ‘economic
welfare’ (Table 4.21).

Table 4.21. Contributions to the change in conw@i economic 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 strongigan from LNF10. Agricultural
income has further decreased but consumers lossesihcreased more than fivefold.
Together with a stronger loss on other processilog (o less feed demand of oilcakes)
this would lead to a tripled reduction in conventibtotal welfare compared to LNF10.
The two caveats from above, ignorance of additiadthinistrative cost and lack of
monetised environmental benefits apply as usuahlliit may be seen again that ‘net’
direct costs as a simpler indicator of economidstal to capture the full size of welfare
cost but are nonetheless more inclusive than dgrraliincome effects.

The most ambitious package analysed by our modeitbimes balanced fertilization,
low nitrogen feeding (10% target for all farms) @ahd ammonia measures considered for
the Thematic Strategy Ofptimal combination). Excretion would decline by 8%
according to CAPRI but the key contribution wouldnme from a decline of mineral
fertilizer by 13% which is even larger than undalamced fertilization alone because the
effect of lower protein demand on grass producti®radded on top (Table 4.22).
Reduced nitrogen supply combines with targeted amenmeasures to reduce ammonia
emissions by 19%. Leaching would also be alleviatigdificantly by -26% (where the
difference to the lower leaching impact accordingdiTERRA-Europe is partly due to
the exclusion of runoff from the leaching resulGAPRI). Finally we have to repeat our
caveat on the data situation in Malta and Cyprughvbontributed to exaggerated effects
on mineral fertilizer in these countries.
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Table 4.22: Simulation results of a combined lotvogien feeding, balanced fertilization
and ammonia measures from TS explorations (optma@bination) 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 -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 N2O
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 7.4 -11.0
Belgium -2.7 99.6 -11 1.7 -22.2 -5.0 -8.5 -0.8 -3.4 -20.4
Bulgaria -7.5 107.8 -1.0 0.2 -22.3 5.1 -8.5 -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 -556.2
Czech. Rep -10.4 43.3 1.0 -0.7 -14.3 -1.1 -11.3 21 -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 -04 -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 -4.5 233.9 21 -85 -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 51 -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 -1.5 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 -85 -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 -4.3 121 -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 22.9 2.6 2.9 -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




Figure 4.8 shows the regional distribution of ineoraffects against the ND full
reference. It is evident that the income effecésaquite negative for most regions.
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Figure 4.8. Regional variation of percentage incomigects for scenario ‘Optimal
combination’ relative to ND full 2020. (Bars illuate the distribution)
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Table 4.23 gives the changes of main componentagatultural income from the
scenario ‘Optimal combination’.

Table 4.23. Contributions to agricultural incomecacding to CAPRI simulations for
combined low nitrogen feeding, balanced fertiliaatand ammonia measures from TS

explorations (optimal combination) 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 0.1%
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 theaats from scenarios LNF10 (all
farms) and BALFERT, but the ammonia measures dmutito the 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 ‘LNFI'Obait 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 wrenthan compensated by the additional
costs for ‘other input’.
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The change in agricultural income is one compomérthe total change in ‘economic
welfare’ (Table 4.24).

Table 4.24. Contributions to the change in conw@i economic welfare according to
CAPRI simulations for combined low N feeding, bah fertilization and ammonia

measures from TS explorations (optimal combinatisn)ND 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 §igamt of course. There is a loss in
consumer welfare and a sizeable loss to the primgesedustry, in particular for
processing of oilseeds. Impacts on the budget aderate. The two caveats from above,
ignorance of additional administrative cost andklatmonetised environmental benefits
apply as usual. As market impacts are smaller thader the LNF20 scenario (Table
4.21) the ‘net’ direct cost better reflects totalfare cost than above.

The key results from the CAPRI simulations are samimed in Table 4.25

Table 4.25: Simulation results of low nitrogen fieggd balanced fertilization and
‘optimal combination’ measures vs. ND full 202E027

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

122



With all caveats due to the significant uncertasitit 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 lossoi by consumers. Price increases of
10% and more have been projected under the ambitiatdant 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 additi@most in the livestock sector. With
greater substitutability the economic losses wolallll more on agriculture than on
consumers. When comparing the moderate (10%) gitlaltihe more ambitious objective
of a 20% reduction the simulation results conformnirntuition: 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 scenariosidaching and at lowest cost for
ammonia. Apparently the mix of ammonia targetingasuges selected for the RAINS
simulations was quite efficient in economic termbis should be the case as economic
efficiency was guiding the selection proceduretifier RAINS model.

The economic costs do not encompass estimate® adtiitional administrative cost in
EU and national administrations and advisory sei©n the other hand the term total
welfare cost should not be read as implying thataberall economic balance is negative:
As we have not tried to put monetary values orathetements achieved it is possible and
even likely that the overall balance would be pesit There economic welfare cost
indicated are meant in a quite narrow sense thexefod refer only to the conventional
welfare components.
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4.6. Discussion and conclusions

Implementation of low-protein animal feeding hasltple beneficial environmental
effects. Our analyses indicates that a decrea$8%fin the protein content of the animal
feed on all farms will lower the Ndmissions 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; Mfhissions by 11% and the N
leaching and emissions of,® by 7% relative to the ND full 2020 reference suem
Hence, the effects of the decreases in proteirecbiatre suggested to be linear.

Balanced N fertilization (Balfert 2020) also has liple beneficial environmental
effects. Full implementation of balanced fertilipat in this study (removing ‘over-
fertilization’) was equivalent to decreasing thendut via N fertilizer by on average 9%
and that via animal manure by up to 6% (see Tabklg 4delative to the ND full 2020
reference scenario. Balanced fertilization (Bal0R0) decreases the hlmissions by
4%, N leaching by 11% and the emissions eDNby 4% relative to the ND full 2020
reference scenario. However, balanced fertilizatisrapplied in this study is not without
cost for the farmer. It may increase the risk alexrease in crop yield. Furthermore,
areas with high livestock density may be forcedower the N content of the animal
manure through low-protein animal feeding or mayeht treat the manure, to be able to
implement balanced fertilization and to utilize thetrients in the animal manure
efficiently. The balanced N fertilization measurashconsiderable perspectives for
decreasing the N loading of the environment, buenvlpplied too strict it can have
considerable agronomic and economic effects. Fustesitivity analyses are needed.

Combined implementation of an optimal set of JNeimission abatement measures
(RAINS optimized 2020) and balanced fertilizatio®gtimal Combination 2020’) has
also large effects. It decreases thesNrhission by another 19% relative to the ND full
2020 reference scenario to a level of ~ 2350 ktéty Mom agriculture in EU-27. This
level is similar to (or less than) the target lsvet 2450 kton for EU-25 and ~2650 kton
for EU-27; Aman et al., 2006b) needed to achieeedthjectives of the Thematic Strategy
on Air Pollution in 2020. In addition, the Optim@bmbination 2020 scenario decreases
mean N leaching by 14% and meagONemissions by 3% relative to the ND full 2020
reference scenario. However, the Optimal Combina2@20 scenario is not without cost
for the farmer. The annual cost of the Neimission abatement measures have been
estimated at € 1.6 billion per year for the EU-4B5ddition to the cost already associated
with current legislation. Further, relatively largenounts of manure N have to be
‘neutralized’ through a combination of low-proteinimal feeding and manure treatment
and manure disposal in some regions, at consideealdlitional costs.

The results of the MITERRA-EUROPE and CAPRI simolas agree rather well.
Though the activity data are based on similar sesjr¢he modelling concepts are
different. CAPRI is an economic optimization modehile MITERRA-EUROPE largely
is an empirical factor model. Both models arrivéhat conclusion that the identified most
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promising measures can contribute greatly to theedese in the emissions of Kllend
N20O to the air and the leaching of N to groundwated surface waters. The small
differences between the MITERRA-EUROPE and CAPRiutations can be seen as a
contribution to sensitivity analyses.

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, with without additions of specific
amino acids and improved phase feeding;

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

* lowering the replacement rate of dairy cattle, @asing the growth rate of young
dairy stock and lowering the age of the young sttdikrst calving.

Considerable investments in demonstration, traifi@mgers and research are needed to

be able to achieve an overall lowering of the protontent of the animal feed by on

average 10-20%. The genetic improvements mentiabede would have to be on top of

the baseline increase in productivity. As it is leac whether such improvements will

come about it may be questioned whether the 20%edse is technically feasible on the

majority of farms.

In this study, it is assumed that lowering the Mretion by 10% through low-protein
animal feeding decreases the Neimissions proportionally (i.e., by 10%). However,
there is a considerable amount of empirical andrétecal evidence that lowering of the
N excretion by 10% through low-protein animal fegdidecreases the NHmissions
more than proportionally (Kulling et al., 2001; B)®Broderick, 2003; Flachowsky and
Lebzien, 2005; Jondreville and Dourmad, 2005; Maitebal., 2005; Misselbrook et al.,
2005; Velthof et al., 2005). In addition, the metimable energy and the cation
composition of the diets affect the pH of the uramal the animal manure and thereby the
NH3 emissions too. This suggests that more preciseardiet prescriptions and more
precise model formulation for assessing the effettiiet composition on Npemissions
are needed, to be able to fully capture the vaeaimc practice in the relationships
between animal feed composition, manure composai@hNH emissions.

In addition to diet composition, high-technologicaleasures, such as the use of
antibiotics, antimicrobial agents, and certain girowormones could be used to lower
NH3; emissions, but these measures are not considered thecause of animal welfare
reason (these measures do not satisfy the critefiomost promising’, as indicated in
the call for tender (Annex 5)).

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 amiacids), and on the other hand by
our limited knowledge of current practice. The eatrinformation in RAINS indicates

that (i) there is little variation in practice agards the mean N excretion of dairy cattle,
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other cattle, pigs and poultry among countries, @hdhat the N excretion of these main

livestock categories in the various countries is(a@cessively) high. Hence, on the basis
of the RAINS database, there is only limited scdpe decreasing N excretion. In

practice, there appears to be a large variatiowdsst farms in the N excretions of for

example dairy cattle, pigs and poultry, suggestomm for lowering N excretion on at

least some farms (e.g., Hubeek and De Hoop, 20043 variation between farms is

averaged out in the Member States means, andnibtislways clear how the Member

States arrived at these means. The RAINS dataidscate that there is very limited

scope for regional differentiation in the scope di@creasing N excretion (but there is
scope for regional differentiation in the levelimiplementation (see Table 4.1).

The suggested decrease of the N excretion by asibyatoughly 10-20% in the next 10
to 15 years will be achieved only with proper intbes, including

- training and advising farmers;

- demonstration trials and demonstration farms;

- covenants with animal feed industry and farmers;

- research for improving the requirement of animas &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 8ree, which states that the maximum
application rate of N via animal manure is 170 kgp& ha per year. This application
limit indirectly also limits livestock density and excretion rate of the livestock (the
lower the N excretion per animal, the more aninws be kept per unit agricultural
land). Evidently, this incentive is most applicalite countries and regions with a
relatively high livestock density.

For making more accurate assessments of the pitsspedowering N excretion through
further lowering of the protein content in the aainfieed, it is recommended that a
thorough survey is being made of the animal feegiragtices and animal performances
in the EU-27. A uniform methodology must be applied estimating the regional
variation in N excretion by animals. The curreneXretion values in RAINS are based
on estimates by country specialists, and it is emciwhether these estimates reflect
indeed the variation that occurs in practice. Thokds as well for the projected number
of animals for the next decades. More precise aséisnof the 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 efficiengycrop production by more efficient
use of animal manure and fertilizers and hence lmwear fertilizer N input. This holds
especially for the intensively managed crop produoctsystems (including forage
production) in many EU-15 Member States. Our edenmiadicates that N input in EU
agriculture can be decreased. Mosier et al (2004yested that increases in NUE of
about 10-30 relative to present levels appear gmsn many regions, through fine-
tuning of the N management. However, strict impletagon of balanced fertilization
has the risk of lowering crop yield and quality.cBase of the risks involved of balanced
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N fertilization, it would be worthwhile to explorde possibilities of using support to
those farmers that go beyond a less strict inteapo& of balanced fertilization via the
Rural Development Regulation. This has been armtiegh already in the CAPRI
simulations where the decrease of the overfertitinafactor has been large but less than
100% to acknowledge that farmers may be reluctantetiuce fertiliser input if the
decline of yields cannot be avoided anymore thraughe precise application.

There are various reports from EU Member Statesicatihg that significant
improvements have been made (and can be made ruith& use efficiency and in
decreasing N surpluses in agriculture through abtoation of measures. Denmark is a
typical example in this case. The N use efficientyDanish agriculture has increased
steadily during the last 10 to 20 years. The sucoéshe Danish case has been ascribed
to two factors, namely (i) mandatory fertilizer acxp rotation plans, with limits on the
amount of plant available N to be applied to defercrops, and (ii) the statutory norms
for the fraction of manure N assumed to be plaailalble. These two instruments have
been enforced stepwise between 1991 and 2004, awnd been designed in close
dialogue with farmers and farmers associations. Tégulations are supported by
extensive information materials, demonstrationgegion and education. Also, extensive
research programs have been supported (Dalgaad@).2Rather similar success stories
have been reported for the Netherlands (Van Grmsteal., 2005).

The lessons to be learned from the Danish cas®thd cases is that a steady lowering
of N surpluses and a steady increase of the Nffiseeacies can be made only following
the implementation of sound policies and measumekjding the training of farmers and
extension services, and supported by extensivaraserograms. 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 managemienbetter match the amount
and timing of applied N to crop N demand.
Prerequisites for implementing such practices aet they must be simple and user
friendly, involve little extra time, provide congsit gains in NUE and yield and are cost-
effective. Optimizing the timing, quantity and dedility of applied N is the key to
achieving a high NUEThey require suitable policies and significant lgagn
investments in research, extension and educatibe.pblicies and investments need to
be regional specific, because of the different aduiral practices and priorities in
different countries.

There are possible future developments which magéri 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 theofi®¥éo 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 wadrltad 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-prodiis5S) of the biofuel industry are
poor in energy and rich in protein and fiber (batvé low-quality protein), after the
energy has been distilled and removed. As a coesegy the protein content of the
animal feed may have the tendency to increase ag#ie near future, when these trends
become noticeable. Also, the increasing acreagbiaftiels will likely contribute to
intensification of agricultural production (on aaler area, because of the land used for
biofuel production). This further intensificationf ¢he agricultural production on a
smaller area may contribute to increased N emisspaTr unit of utilized agricultural
area, even though the total N emissions from afjual production may not increase
necessarily.

There are also possible developments which mayehitiet possible decrease in the total
N fertilizer application rate. The current intera@stbiofuel has increased the area of
rapeseed considerably in some countries (e.g. Gafmand this increase in area has
contributed to an increase in N fertilizer use. tikeer statistics experts from the
European Fertilizer Manufacturers Association (EBM¥pect a further increase in the
area of crops used for biofuels in EU-27 and a comntant increase in the sales of N
fertilizer in EU-27 for the next decade. Total Ntiiezer use in EU-27 increased till the
1980s. Thereafter, a few sudden drops occurred stabilized use in between these
sudden drops. The sudden drops coincided with @sangthe Common Agricultural
Policy and with the political changes in centraldpean countries, and not so much with
the implementation of environmental Directives. Tieetilizer statistics experts from
EFMA were somewhat surprised about the projectenledse in N fertilizer use in the
ND full 2020 and Balfert 2020 scenario’s; they extpinat the need for food and biofuel
will outbalance the effects of further implemeraatof the environmental policies.

12¢






5. Impact Assessment of a Possible Modification tifie IPPC Directive
5.1. Introduction

The Integrated Pollution Prevention and ControP@} Directive adopted in 1996, aims
at minimizing environmental pollution and nuisarficen large operations/installations in
the European Union. Under IPPC Directive, large gnig poultry farms with more than
2000 places for fattening pigs and/or more than 6@s and/or more than 40,000
chickens have to operate according to permit camditbased on BAT. BAT includes
measures to reduce Nlmissions. Newly built farms have to comply witiPIP since
October 2007 and the final deadline for full impkartation of the IPPC Directive to
existing installations is 30 October 2007.

Measures considered at EU level as BAT for the wisalctor are described in detail in
the “Reference Document on Best Available Techrsdoe Intensive Rearing of Poultry
and Pigs (July 2003)", also referred to as the BRIBEument. These include for
example BATs for covered storage of animal manumgroved housing systems, air
purification, manure handling and treatment, lowission manure application. These
documents also include estimates of the;Hidission factor per animal category (kg per
animal place and year), and assessments of th@mooaspects (costs/benefits), animal
welfare aspects. Though explicitly mentioned in 8REF (European Commission,
2003), spreading of animal manure to land is ngallg included under the IPPC
Directive, if this spreading is not carried outpst of an installation as defined in the
Directive. According to the definition, the termnstallation” means a "stationary
technical unit where one or more activities listednnex | of the Directivin this case,
intensive rearing of poultry or piggre carried out, and any other directly associated
activities which have a technical connection with &ctivities carried out on that site and
which could have an effect on emissions and palititi This is interpreted by the
European Commission that manure spreading woultedely covered only in cases
where the spreading is carried out on the sitehefinstallation and that a technical
connection (e.g. a pipe) is used. Some Member Stdte include spreading more
generally under the permit conditions of IPPC ilst®ns by applying a wider
interpretation of the IPPC Directive. As followssalfrom the analyses presented in
Chapter 2, 3 and 4, not ensuring the implementatioBAT for manure spreading on
IPPC farms would in part nullify the effect of otheabatement measures for NH
emissions applied on IPPC farms.

One of the proposed measures of the Thematic §yrate Air Pollution (CEC, 2005a) is
the assessment of the extension of the IPPC dieedt intensive cattle rearing
installations and a possible revision of the thoéd$ for intensive rearing installations of
pigs and poultry. The extension of the IPPC dikecto intensive cattle rearing and the
possible modification of thresholds values may haweplay an important role in
achieving the objectives of the Thematic Strategyo Pollution.
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This chapter summarizes the results of task 4eftmmonia Service Contract. The aim
of task 4 has been defined a%o0 assess the impacts of the extension of the IPPC
Directive to intensive cattle rearing installatioasd a possible revision of the thresholds
for intensive rearing installations of pigs and (ftoyi. Detailed results are presented in
Annex 43 This chapter summarizes the results of inversosied the assessments. We
begin with a short overview of the methodology &gpin this Task.

5.2. Methodology

The study comprised two phases:

1. Inventory of livestock farm structure data (farmesdistribution data) and broad
assessment of 3 potential lowered thresholds fgg pnd poultry rearing, and 3
possible thresholds for cattle rearing

2. In depth assessment of 1 selected lowered thredbolpgigs and poultry, and 1
possible new threshold for cattle rearing

In the assessment, notably of the phase 2, thexfwif issues are addressed:

- impact on ammonia and greenhouse gas emissiomg)(R&INS)

- impact on nitrate and nitrous oxide emissions @8MTERRA-EUROPE)

- impact on other pollutants and nuisance (e.g. gd@ing own assessment tools)

- impact on social and economic issues (using CAPRI)

The basis for the analyses performed under thik ©&@ashe information obtained from
EUROSTAT on farm size distribution (2003 censusjladince basic EUROSTAT farm
size categories do not specifically include thenfaizes that correspond with the IPPC
thresholds, additional work was carried out by EWH®@T to provide the proper
(requested) data. The results are summarized beldetails, e.g. the farm size
distribution for pig, poultry and cattle productjare presented in Annex 4.

Next, a broad inventory was made of the situatienMember State (EU-25) concerning
the relevant environmental legislation, and theepetion (implementation) of Best
Available Techniques (BATS), either as a consegeenicthe IPPC Directive and of
national environmental legislation (for farms notvered by the IPPCD or setting permit
conditions going beyond the requirements of theQRRrective), or both. These results
are described in the Background Report in Annexndthe description of BAT, the
RAINS abbreviations are used:

- SA = Stable Adaptation (implicitly including CS)

- CS = Covered Storage (low and high efficiency)

- LNA = Low Nitrogen (manure) Application (low andgh efficiency)

- LNF = Low Nitrogen (animal) Feed
This inventory has resulted in tables per MembeateStpresenting the estimated % of
animals that is kept on farms with one or moreh&f &bove mentioned NHemission
abatement (BAT) measures. The Background RepoméRAd) was presented during the

% Annex 4. Monteny, G.J., H.P Witzke and D.A. Ouden@007. Impact assessment of a possible
modification of the IPPC Directive. Ammonia Servicentract 070501/2005/422822/MAR/C1, Task 4.
Animal Science Group, Alterra Report. Wageningen.
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meeting of the national representatives in the IRE@sory Group (AG) for comments.
Comments were received, processed, and includégimput files for the 3 models used
(RAINS, MITERRA-EU, CAPRI).

When BATs were the result of national legislatitime % of animals kept on farms with
the techniques were estimated from the informaiathered from and provided by
Member States. When BAT was a result of impleméentadf the IPPC Directive, the
following was assumed (and submitted for consutaeto the MS representatives):

- SA and CS for pig and poultry farms

- CS for cattle farms
Both SA and CS, both with high efficiency emissi@ducing systems, for pig and
poultry farms were assumed to be fully implemeritedPPC farms in 2020. Although
the IPPC-Directive and therefore BAT, is not conspuy for the cattle sector, CS with
high efficiency was assumed to be implemented dtlectarms with animal numbers
above the selected thresholds.

Low Nitrogen Feed (LNF) was assumed to be impleggkrin 2020 in most MS,

especially for farms in MS who make no or limiteseuof low protein animal feed.
Experts interpretation was used, mainly based upational legislation and/or based
upon guidelines issues under the CLTRAP and/orcbapen the BREF-document).

During the study it became clear that LNA, althouigéing part of the CLTRAP
Ammonia Abatement guidelines and BREF, is not ater&eid being an integrated (legal)
part of permitting under the IPPC Directive in Blember States. Therefore, all IPPC
related scenarios were run with and without LNApast of IPPC permits. The results
provide information about the level of importandereluding LNA in the framework of
IPPC, and about the need to enforce applicatidhisfmeasure either under the IPPC or
in the framework of another Directive (e.g. Nitsaf@irective).

During the process of providing a basis for assgstie lowering of the IPPC thresholds
for intensive animal rearing (pigs and poultry) asutjgested new thresholds for cattle
husbandry, attempts were made to find a solid Hasisomparison of IPPC thresholds
for different species. The following options aredis

- Livestock Units

- N excretion

The analysis led to the conclusion that N excretimuld offer the most representative
basis for defining a new set of revised threshotdgerred to as IPPC1, IPPC2, and
IPPC3.

All data gathered are reported in the BackgroundoRe(Annex 4% and processed in
such a way that they can be used as direct inptitetanodels. The following scenarios
have been assessed:

- Situation in 2020, with the full implementation tbie Nitrates Directive (ND full

2 Annex 4. Monteny, G.J., H.P Witzke and D.A. Ouden@007. Impact assessment of a possible
modification of the IPPC Directive. Ammonia Servicentract 070501/2005/422822/MAR/C1, Task 4.
Animal Science Group, Alterra Report. Wageningen

132



2020) and also implementation of BATs on all IPR@nfs (2020_IPPC). This
scenario takes into account the implementation AT s a result of national
legislation. Developments in animal numbers areaioked from CAPRI.
Development of the farm size distribution is ndeia into account, since no data
could be found to support any assumption on this

- Situation in 2020, assuming 3 levels of IPPC thoédd) using the options for
inter-comparison of thresholds for various aninygles, and taking into account
the basic BAT penetration option (LNF/SA/CS); IPRGAPC2 and IPPC3

- Similar as above, but than taking into account iimplementation of LNA as a
part of the IPPC permitting; IPPC1+LNA, IPPC2+LNRPC3+LNA

- Al IPPC scenarios for 2020 assume full implemeatabf the Nitrates Directive
(ND full 2020)

The results of the analysis include developmernthefNH; emission per Member State,
the development of the number of IPPC farms (amohip®), and the permitting costs and
permitting efficiency associated. Furthermore, ithpact on the losses of other nitrogen
compounds, nitrate and nitrous oxide, and methangresented to assess the level of
trade off of pollutants. Finally, the social ancdbeomical impacts of lowering of IPPC
thresholds have been analysed, using the CAPRIInode
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5.3. Current farm size distribution and number of IPPC farms

Figures 5.1 — 5.4 summarize the farm size distiobutor EU-25 in 2003, for fattening
pigs, sows, laying hens, and broilers. The numbegsesent the total number of animals
and the total number of farms for various thresboldata used for this analysis were
provided by EUROSTAT.
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Figure 5.1. Number (and % of total) of pig farmslarumber of fattening pigs for three
thresholds (> 1000, > 1500 and > 2000 fatteningspper farm).
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Figure 5.2. Number (and % of total) of sow farmsd aamber of sows for four thresholds
(> 200, > 350, >550 and > 750 sows per farms).
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Figure 5.3. Number (and % of total) of laying hannfis and number of laying hens for
four thresholds (>10000, >20000, >30000 and >400@#hs per farm)
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Figure 5.4. Number (and % of total) of broiler fasmand number of broilers for four
thresholds (thresholds (>10000, >20000, >30000 a4@000 broilers per farm)
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Based on the 2003 farm size distribution data, fll®ewing numbers of farms and
animals (total and for “IPPC farms”) can be summetdti(Table 5.1)

Table 5.1. Number of farms and number of animalstr@se farms, covered by the
current IPPC thresholds, according to 2003 censatadNumbers between brackets
indicate the number of “IPPC farms” and “IPPC aninsd in percent of the total
number of farms and total number of animals, respely (source Eurostat, 2006).

Farms Animals (in million head)
Total IPPC Total IPPC
Fattening pigs 1927260 6040 (0.3%) 150.0 23.8 (16%)
Sows 769070 2360 (0.3%) 16.1 3.6 (22%)
Laying hens 3017570 2450 (0.1%) 460.8 270 (59%)
Broilers 1147190 5180 (0.5%) 839.3 539 (64%)

These data show that the total number of “IPPC $ar(m2,000 fattening pigs; >750
sows; >40,000 poultry) in the EU-25 is around 16,00his is less than 0.1% of the total
number of farms in the EU-25. On these farms, 16%etotal number of fattening pigs,
22% of the total number of sows, and around 60%®total number of poultry are kept.

5.4. Assessment of possible new IPPC thresholds

For the assessment of possible new IPPC threshaldg®mmon basis was sought to
compare the environmental impact of each animagmat. Two bases were selected:

- Live Stock Units (LSU)

- N excretion
In the discussion with the Commission represergatilN excretion was selected for use
in the further analysis, since N excretion is fouiadreflect the impact of animal
production on the environment (notably concernindastter than Livestock Units.

Table 5.2 summarizes the mean N excretions foouarfarm animals (source RAINS),
and converts the possible thresholds for fattemigg to other animals, using the N
excretion per animal as common basis.

Based on the N excretion, current IPPC threshaldgaittening pigs, sows and broilers
could be explained; only for laying hens the currewel of 40,000 is too high. If N
excretion is used as basis for possible thresHoldmtensive rearing of dairy cattle and
other cattle, thresholds would be around 220 ar@tsad per farm of dairy cattle and
other cattle respectively. When the N excretedrdugrazing (approximately 50% of the
total N excretion) is not taken into account, theesholds would become 450 and 1,000
head per farm, respectively.
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Table 5.2. Overview of mean N excretion per anigpEcies, in kg N per animal per
year, and possible “N excretion based thresholds” ¥arious animal species, derived
from the possible thresholds for fattening pigs.

Animal species Mean N Possible thresholds for farms (number animals gen},
excretion using the possible thresholds for fattening pigbass

Fattening pigs 11 2000 1750 1500 1250
Dairy cows 100.0 220 193 165 138
Other cows 45.0 489 428 367 306
Sows 28.0 786 688 589 491
11.0 2000 1750 1500 1250
Broilers 0.6 36667 32083 27500 22917
Laying hens 0.8 27500 24063 20625 17188
Sheep/goat 14.0 1571 1375 1179 982
Ducks 1.0 22000 19250 16500 13750
Horses 64.0 344 301 258 215
Rabbits 0.7 31429 27500 23571 19643
Turkeys 2.1 10476 9167 7857 6548




5.5. Analyses of the scenarios

In the selection of the various scenarios, N exmumetvas used as a basis for the
determination of the thresholds (equivalent N etions), as described above. The range
of lowered IPPC thresholds (see Table 5.3) is bagmsh a discussion, taking into
account the number of extra farms covered by theided thresholds and the expected
effectiveness of reduced emissions per extra faarmd (permit) covered. A revised
threshold for fattening pigs is taken as a basisesholds for other animal species are
expressed against these thresholds.

Scenario IPPC1 demonstrates the impact of lowettingsholds for the poultry sector
(especially for laying hens), and introduced thodds for cattle. In IPPC2 and IPPC3, a
further reduction of the thresholds for cattle gumlltry is taken, in combination with
reduced thresholds for pigs.

Table 5.3. Selected thresholds values for aninmaiké four scenarios; current IPPC and
IPPC1, IPPC2 and IPPC3.

Animal species Scenarios 2020

Current IPPC IPPC1 IPPC2 IPPC3
Fattening pigs > 2000 > 2000 > 1750 > 1500
Sows > 750 > 750 > 675 > 600
Hens > 40000 > 27500 > 25000 > 20000
Broilers > 40000 > 37000 > 32000 > 27000
Dairy cows - > 450 > 400 > 350
Other cattle - > 1000 > 850 > 700

Tables 5.4, 5.5, 5.6 and 5.7 present the % of dsimavered by each of the IPPC
scenarios. The exact percentage is taken up fashbids that correspond with
EUROSTAT farm size categories. In all other cagles,percentages are obtained from
creating sub-categories and interpolation. In ganarhen larger sub-categories are used,
the distribution of animal over the categories @4tinear (less animals are kept on
smaller farms); when smaller sub-categories werede@, the number of animals is
equally distributed over the sub-categories. A &dtount of the distribution of animals
over sub-categories is given in the Background Repmnex 4°.

% Annex 4. Monteny, G.J., H.P Witzke and D.A. Ouden@007. Impact assessment of a possible
modification of the IPPC Directive. Ammonia Servicentract 070501/2005/422822/MAR/C1, Task 4.
Animal Science Group, Alterra Report. Wageningen.
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Table 5.4. Total number (in thousands) and relativenber (in percent of total number)
of animals covered per Member State by the culfRC thresholds.

Fattening pigs on IPPC

Sows on IPPC sow

Laying hens on IPPC

Broilers on IPPC

farms with pigs farms hen farms broiler farms
Country Pigs % of total Sows % of total Hens % of total Broilers % of total
BE 451 6.9 22 3.4 6530 50.0 8290 45.6
Ccz 1137 324 179 45.6 9320 88.8 15640 85.8
DK 2382 18.4 344 245 2130 43.5 10870 89.0
DE 2479 9.3 359 13.7 37050 66.5 41020 72.7
EE 111 31.0 0 0.0 860 69.9 0 0.0
GR 177 16.3 17 12.5 2420 21.3 11780 45.9
ES 5017 23.7 1311 40.5 42480 71.4 50010 47.9
FR 1045 6.9 94 6.9 43560 59.0 48770 35.2
IE 725 42.3 88 50.9 630 29.9 6470 69.9
IT 3724 43.4 290 39.4 26270 74.2 89930 83.6
CcY 162 37.4 28 48.0 250 32.9 2650 73.4
LV 77 18.5 17 35.8 1670 65.5 0 0.0
LT 217 20.0 46 50.1 2170 54.0 1660 66.4
LU 0 0.0 0 0.0 0 0.0 0 0.0
HU 1504 32.7 156 42.7 4840 33.7 9540 72.0
MT 0 0.0 0 0.0 0 0.0 0 0.0
NL 1310 11.7 200 17.8 22750 61.6 33980 80.3
AT 0 0.0 0 0.0 740 12.2 1760 315
PL 811 4.4 102 5.3 21250 41.1 78670 63.8
PT 415 19.6 31 10.1 7940 68.9 8110 42.1
Sl 89 14.6 23 34.7 0 0.0 0 0.0
SK 413 28.3 48 32.0 3730 80.9 7260 88.6
Fl 23 17 17 9.7 540 12.6 4000 66.1
SE 238 12.5 53 26.1 2480 41.3 5520 93.4
UK 1295 25.7 177 30.8 30000 62.1 103420 91.2
EU25 23803 15.9 3602 22.3 269610 58.5 539350 64.3

Some 16% and 22% of respectively fatteners and sfaNsunder current IPPC
thresholds, whereas this is around 60% for thetposgkctor. Since current IPPC is not
applicable for cattle, 0% of the cattle herd in B®-fall under IPPC compliance.



Table 5.5. Percentage of animals covered per MerSiegte for revised IPPC thresholds
according to scenario ‘IPPC1’.

Fatteners Sows Hens Broilers  Dairy  Other cattle
>2,000 >750 >27,500 > 37,000 >450 > 1,000
% % % % % %
Belgium 6.9 3.4 67.0 48.6 1.2 0.7
Czech Rep. 32.4 45.6 90.6 86.6 77.8 6.5
Denmark 184 24.5 57.9 89.7 7.6 0.5
Germany 9.3 13.7 70.9 74.3 14.5 1.2
Estonia 31.0 0.0 72.4 0.0 49.8 4.3
Greece 16.3 12.5 24.0 47.7 0.6 0.3
Spain 23.7 40.5 78.1 50.7 5.2 1.2
France 6.9 6.9 68.0 37.7 0.9 0.2
Ireland 42.3 50.9 39.4 71.5 4.2 0.2
Italy 43.4 394 78.4 84.3 11.3 1.9
Cyprus 37.4 48.0 44.6 74.7 24.2 2.0
Latvia 18.5 35.8 65.5 0.0 9.4 1.0
Lithuania 20.0 50.1 54.7 70.4 6.7 1.0
Luxembourg 0.0 0.0 0.0 0.0 3.1 0.3
Hungary 32.7 42.7 36.3 73.3 63.1 55
Malta 0.0 0.0 5.2 3.4 0.0 0.0
Netherlands 11.7 17.8 71.0 81.5 1.7 2.2
Austria 0.0 0.0 20.8 34.9 0.0 0.0
Poland 4.4 5.3 46.3 65.4 3.5 0.5
Portugal 19.6 10.1 74.0 44.0 5.2 1.3
Slovenia 14.6 34.7 0.6 4.4 2.5 0.1
Slovakia 28.3 32.0 82.6 89.2 74.7 6.8
Finland 1.7 9.7 20.8 67.8 0.1 0.1
Sweden 12.5 26.1 56.0 93.8 5.6 0.3
United Kingdom 25.7 30.8 70.9 91.7 13.3 0.9
EU-25 15.9 22.3 65.4 65.9 9.7 0.9

Since no change in the IPPC thresholds for fateenad sows was taken as a basis for
scenario 1, the % of animals covered remains urggdhicompared to table 2. For the
poultry sector, the revised thresholds resultsninnarease in the % of animals that fall
under the IPPC to around 66%. Furthermore, theesigd thresholds for cattle result in
a coverage of 9.7% for dairy cows and 0.9% for otiagtle.
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Table 5.6. Percentage of animals covered per MerSiete for revised IPPC thresholds
according to scenario ‘IPPC2’
Fatteners Sows Hens Broilers Dairy Other cattle

>1750 >675 > 25000 >32000 >400 >850

% % % % % %

Belgium 12.3 5.3 69.1 53.6 1.8 2.2
Czech Rep. 38.9 475 91.0 87.9 80.5 19.5
Denmark 253 27.9 60.4 90.7 10.5 1.5
Germany 125 15.2 72.1 76.9 15.8 3.6
Estonia 37.3 4.1 72.4 0.0 52.5 12.8
Greece 20.1 13.7 24.7 50.6 1.1 1.0
Spain 28.3 426 79.4 55.4 6.0 3.7
France 12.3 9.1 69.6 41.8 14 0.7
Ireland 49.9 53.1 41.3 74.2 5.6 0.6
Italy 48.0 414 79.7 85.5 14.0 5.6
Cyprus 46.2 50.6 47.1 76.8 31.7 5.9
Latvia 21.7 36.6 65.5 0.0 10.2 2.9
Lithuania 23.1 50.6 54.7 77.0 7.1 3.1
Luxembourg 6.2 1.6 0.0 0.0 4.0 0.9
Hungary 36.3 43.8 36.8 75.3 65.0 16.4
Malta 5.0 0.0 10.5 9.0 0.0 0.0
Netherlands 16.1 21.2 73.1 83.4 24 6.6
Austria 04 0.2 22.5 40.5 0.0 0.0
Poland 5.3 5.5 47.4 68.0 3.8 1.5
Portugal 243 121 74.8 47.1 5.8 3.8
Slovenia 17.8 34.7 1.2 11.6 2.5 0.4
Slovakia 345 34.0 83.1 90.2 78.2 20.3
Finland 3.8 10.6 23.7 70.5 0.1 0.2
Sweden 172 27.9 58.5 94.3 7.1 0.9
United Kingdom 31.7 334 72.6 92.5 17.9 2.7
UE-25 20,1 24,2 66,8 68,5 11,1 2,8

In scenario 2, all thresholds are lowered, resgltman increased coverage of animals by
IPPC. The increase is the largest for fattening pigi%), and broilers (+3%).
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Table 5.7. Percentage of animals covered per MerSiege for revised IPPC thresholds

according to scenario ‘IPPC3.

Fatteners Sows Hens Broilers Dairy  Other cattle
>1500 >600 >20000 >27000 >350 >700
% % % % % %

Belgium 17.7 7.2 73.3 60.1 2.4 4.4
Czech Rep. 45.3 49.3 91.8 89.7 83.2 38.9
Denmark 32.2 31.3 65.5 92.1 134 3.0
Germany 15.7 16.8 74.5 80.3 17.1 7.3
Estonia 43.6 8.1 72.4 0.0 55.3 25.6
Greece 23.9 14.9 26.2 54.5 1.7 2.0
Spain 33.0 44.6 81.9 61.4 6.8 7.5
France 17.7 11.2 72.7 47.2 19 1.3
Ireland 57.5 55.2 45.2 77.8 7.1 1.2
Italy 52.6 43.4 82.3 87.1 16.6 11.3
Cyprus 55.1 53.2 52.2 79.5 39.1 11.7
Latvia 24.9 37.3 65.5 0.0 11.0 5.8
Lithuania 26.2 51.0 54.7 85.7 7.5 6.1
Luxembourg 124 3.1 0.0 0.0 4.9 19
Hungary 39.8 44.9 37.7 78.1 66.9 32.7
Malta 10.0 0.0 20.9 16.4 0.0 0.0
Netherlands 20.4 24.6 77.5 85.9 3.1 13.2
Austria 0.8 0.4 26.0 47.8 0.0 0.0
Poland 6.1 5.8 49.7 71.4 4.2 2.9
Portugal 29.0 141 76.2 51.0 6.5 7.7
Slovenia 20.9 34.7 2.4 211 2.5 0.9
Slovakia 40.7 36.0 83.9 91.5 81.7 40.5
Finland 5.8 11.5 29.5 74.0 0.2 0.5
Sweden 21.9 29.7 63.4 95.1 8.6 1.9
United Kingdom 37.8 36.1 76.0 93.6 22.5 5.3
EU-25 24.3 26.1 69.6 72.0 12.5 5.7

The most stringent IPPC thresholds in this studylte in a coverage of around 25% for
the pig sector, 70% for the poultry sector, 12,5%dairy cows, and nearly 6% for other

cattle.
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In table 5.8, the number of farms for each aningat@a covered by each scenario is
presented.

Table 5.8. Number of farms covered by various IRE€harios.

Laying Dairy Other
Scenarios Fatteners Sows hens Broilers cows cattle Total
Current IPPC 6040 2380 2450 5180 0 0 16050
IPPC1 6040 2380 3572 5862 7283 383 25520
IPPC2 8360 3238 3953 6998 9357 1149 33054
IPPC3 10680 4115 4716 8474 11430 2298 41714

Some 16,000 farms in the EU-25 have to comply WRRC under the current thresholds
(Table 5.8). Each scenario adds roughly 8,000 faonthat number. Assuming equal
costs for permitting in all sectors, the total sostould increase by 50% when the
scenario 1 thresholds would be implemented. Basetll® data, that indicate annual

costs of permitting of around 3,000 € per farm (t€a: around 3,000 - 4,000 € or 2,500
— 3,000 UK Pound per permit issued; Pellini and f4pr2002), the total amount of

money involved in permitting would be around 50l Euro per year, with a 50%

increase for each scenario. In scenario IPPC3, aidke permits would be issued for the
fattening pig and dairy cow sector, meaning thaséhsectors would be facing the
highest costs compared to other sectors.

Table 5.9. Summary of NKmission in 2020 for various scenarios, compacedurrent

IPPC thresholds (in 1,000,000 kg or kton §iH

Current IPPC1+ IPPC2+ IPPC3+
IPPC| IPPC1| IPPC2| IPPC3] LNA| LNA| LNA

Total NH3 emissions agriculture 2,800 2,771] 2,763 2,751| 2,726] 2,712 2,691

Difference with current IPPC
(kton) - 30 37 49 74 88 110
in % compared to current IPPC - 98,9 98,7 98,2 97,4 96,9 96,1

Table 5.10. Efficiency and additional efficiencypefrmitting under the various sets of
thresholds.

Current IPPC1| IPPC2| IPPC3
IPPC IPPC1 IPPC2 | IPPC3| +LNA| +LNA| +LNA
Permits (IPPC farms) 16,050  25,52033,054| 41,714] 25,520 33,054 41,714
Cumulative efficiency per permit
(1,000 kg/permit) - 3,1 2,2 1,9 7,8 5,2 4,3
Additional efficiency
(d_Emission/d_permit) - 31 1,0 1,4 7,8 19 2,2

The data in Table 5.9 show that a maximum reduabibd9 kton NH is realized for
scenario 3, where IPPC permits are issued for nd&;,000 farms (sum of farms with >
1,500 fattening pigs, >600 sows, >20,000 layingshes27,000 broilers, >350 dairy
cows, and >700 head of other cattle). The effigjgfi@ble 5.10) of the increased number
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of permits under scenario 3 when compared to thegulPPC situation is 1,900 kg NH
saved per permit (49 kton saved with the issuin@4000 permits). The permitting
efficiency (and additional efficiency) decreasehaprogressing scenarios. The additional
effect of lowering the thresholds from the valuedid/ for scenario IPPC2 to values in
scenario IPPC3 is 1,400 kg Mldxtra saved per permit (12 kton extra saved hyings
an extra number of 8,000 permits). As indicatedimfpermits for the intensive rearing
of pigs and poultry are assumed to include Stalblaptations and Covered Storage (high
efficiency).

When Low Nitrogen Application (high efficiency) &so included in the IPPC permits,
the reduction in Nklemission drastically increases when compared teculPPC, up
to 110 kton for scenario 3. The additional effectnzluding LNA ranges from 44 kton
for IPPC1 to 61 kton for IPPC3, and can be regaesesignificant.

The greater impact of including LNA is also refledtin the increased efficiency per
permit and the additional permitting efficiency. dpée this greater reduction, the NH
emissions from agriculture in 2020 due to lowerdR&C thresholds, inclusion of cattle,
and tightened LNA use, is reduced with nearly 4%npared to the ‘current’ IPPC
situation in 2020.

The development of NiHemissions in each EU-Member State (EU-25) is shbelow

in Figure 5.5. This figure shows that the Nemission in all 2020 scenarios will be
markedly lower for nearly all Member States whempared to the emission in 2000
(including the actual level of implementation oktNitrates Directive in both years).
This is caused by the lowered number of animalen{frCAPRI calculations), the
increased implementation of BAT following the IPBWrective, and a reduced use of
chemical fertilizers. Furthermore, the figure shaiat lowering of the IPPC thresholds
for intensive animal rearing, and the inclusionlPPC thresholds for cattle husbandry
has the greatest absolute impact onsNrhission in countries with the least national
environmental legislation concerning BAT to reduidds; emissions (See: Background
report per Member State), like Poland, Italy, CzRepublic, Hungary, Portugal, UK and
Spain. In a fair part of the other countries, nagioenvironmental legislation is assumed
to be implemented to such a level that loweringgholds has limited or no impact (e.g.
for Germany, Belgium, Sweden, Denmark, Netherlan@lsg remainder Member States
contribute little to the EU-27 NHemission, and lowering of the thresholds haslitti
no impact on NBemission.
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Figure 5.5. Ammonia emission in 2000 (scenario ®OD) and in 2020 (all other

scenarios) from agriculture (in kton) per Membemat8t for the various scenario’s,
compared to the ammonia emission in 2020 underréntr IPPC (note: the order of

scenarios in the legend is opposite to the ordghegraph; 2000+ND scenario has the
highest emission).
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Without ‘proper implementation’ of NHemissions abatement measures in housing
systems, manure storage systems and following dimiggaof animal manure to land,
increased emissions of nitrous oxide and in in@eastrate leaching may occur (See
Chapters 2 and 3). However, in the scenarios wéyset savings of NElin animal
manures following the implementation of hllmissions abatement measures are taken
into account via ‘integrated N management’ and dhaéd fertilization’ to minimize
pollution swapping.

As shown in Table 5.11, lowering of the threshadtightly increases the emissions of
nitrous oxide (NO) by 1.5 to 2.2% for the scenarios without LNAdamy 2.3 to 3.3%
for the LNA scenarios. These increases are dubedact that more animals fall under
the IPPC directive and consequently moresNdkept in the animal manure and applied
to the land. The lowered thresholds, however, apieehave little effect on the leaching
of nitrate (not shown). Obviously, the measureseurtde Nitrates Directive compensate
for leaching rather than for nitrous oxide formatiand emission. Lowering thresholds
appear to have no significant impact on the emmssfanethane.

Table 5.11. Overview of absolute and relative Ileve nitrous oxide (bO-N) and
methane (Cl for the various scenarios.

current IPPC1 IPPC2 IPPC3
IPPC IPPC1 IPPC2 IPPC3 +LNA +LNA +LNA
N2O-N
(kton) 329 334 335 337 337 338 340
CHa
(kton) 8,443 8,446 8,447 8,450 8,446 8,447 8,450
%N,0 101.5 101.8 102.2 102.3 102.7 103.3
%CH, 100.0 100.0 100.1 100.0 100.0 100.1
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5.6. Results of the IPPC scenario analyses by CAPRI
A selection of scenarios has been investigatedeptid with the CAPRI modelling
system. The selection includes the following scesar

* Current IPPC (reference situation ND Full);

* |IPPC1;

* IPPC2;

* |IPPC3;

o IPPC2+LNA,;

» IPPC3+LNA.
For this task, an increased IPPC coverage has treated as being equivalent to an
increased percentage of farms applyingsMirhission abatement measures, similar as in
the simulations with MITERRA-EUROPE. For the envingental impacts this is a gross
simplification because large farms may have a iigindr impact on local ecosystems than
captured by their share in the regional aggredaiethermore the national IPPC shares
have been applied to all NUTS2 regions in the Men8tates even though large farms
may be concentrated in some areas only (as rediBR& shares were unavailable).

In terms of economic impacts, the costs ofsMirhission abatement measures have been
applied according to the changed implementatiothe$e measures. Investment cost and
current cost of ammonia measures per unit werentdkem the RAINS database.
Additional administrative costs related to the piérprocedure have been assumed to
equal 2500 € per permit or 340 € per y&aFhe direct cost for ammonia measures per
animal have been increased in line with this tatabunt per farm (see Annex 4).

The additional costs of animal production in IPR@fs tend to decrease the profitability
and will slightly decrease the contribution of thdarms to aggregate production. Given
that IPPC farms cover a great share of total pricaluén the poultry sector these supply
reducing effects are most clear. In the first ecdanent scenario ‘IPPC1’, i.e. with a
moderately increased IPPC coverage, EU-27 produaifopoultry meat declines by
0.2% (Table 5.12). As a consequence there will dmaesincrease in producer prices
which is 0.5% at the EU level. These market eff@d$® affect pork but are only about
half as strong as on the poultry market. They helplimit the aggregate loss to
agriculture to 240 m €. The aggregate loss hidedlo@ations within agriculture.
Whereas the additional cost is born by IPPC farnig, dhe counteracting price increase
benefits all farms.

The first level of IPPC extension would reduce agate NH emissions by 47 ktons.
This is a larger impact than according to Mitertadpe simulations (28 ktons). The
differences is related to the CAPRI assumption tiNiE is a standard requirement for
IPPC farms by 2020 which goes beyond the cautiengtpation rates adopted in RAINS
and Miterra-Europe. Table 5.12 also reveals smmdgonistic effects on 4D emissions
which tend to increase slightly.

% The administrative cost per farm for permits baen converted into an annual amount with an

interest rate of 6% and an assumed life time fomfie of 10 years due to changes in the legal fraonk.
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Table 3.15: Simulation results of a moderate extensf IPPC coverage (IPPC1 2020)
vs. IPPCO in 2020

Absolute change IPPC1 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[m €] [m€][kton] [€/ton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -240 334 -19 6 -32 -23 -47 5 7 -3
Austria 2 2 0 5 0 0 0 0 0 0
Belgium -9 13 -5 6 0 0 -1 0 0 0
Bulgaria 22 -21 0 1 0 1 0 1 0 0
Cyprus -1 1 0 10 0 0 0 0 0 0
Czech. Rep -16 18 -2 5 -2 -1 -1 1 0 0
Denmark -3 9 -4 4 -1 -1 -2 0 1 0
Estonia -2 2 0 9 0 0 0 0 0 0
Finland 0 2 0 6 0 0 0 0 0 0
France -4 30 3 7 -3 0 -4 0 1 0
Germany -34 68 -3 5 -4 -5 -6 1 1 -1
Greece -3 3 -1 4 0 0 0 0 0 0
Hungary -29 25 -3 9 0 -2 -1 0 0 0
Ireland -24 17 -1 6 -2 0 -2 1 0 0
Italy -144 95 -5 8 -7 -7 -15 -1 2 0
Latvia 0 1 0 49 0 0 0 0 0 0
Lithuania -2 2 0 15 0 0 0 0 0 0
Malta 0 0 0 9 0 0 0 0 0 0
Netherlands 2 9 1 5 0 0 0 0 0 0
Poland -8 15 -1 6 -1 -1 -2 0 0 0
Portugal -3 6 -1 6 -1 0 -1 0 0 0
Romania 39 -28 1 2 -1 1 0 1 0 0
Slovakia -4 4 0 7 0 -1 -1 0 0 0
Slovenia -1 1 0 6 0 0 0 0 0 0
Spain -14 33 -3 6 -4 -2 -6 0 1 0
Sweden -2 5 0 5 0 0 0 0 0 0
United Kingdom -1 21 2 6 -4 -3 -4 1 0 -1

Percentage change IPPC1 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -0.1 1.6 -0.2 0.5 -0.3 -0.2 -1.6 0.1 0.9 -0.2
Austria 0.1 0.3 0.0 0.5 -0.2 0.0 -0.2 0.0 0.3 0.0
Belgium -0.3 4.2 -1.4 0.5 -0.2 -0.1 -1.1 0.0 22 0.1
Bulgaria 0.9 -6.4 0.3 0.1 -0.2 0.5 0.3 0.5 0.1 0.0
Cyprus -0.2 4.4 0.0 0.6 -0.5 -0.5 -2.6 0.0 1.1 -0.5
Czech. Rep -0.9 4.8 -0.6 0.6 -0.5 -0.8 -1.7 1.0 -0.1 -1.4
Denmark -0.1 1.7 -1.7 0.5 -0.9 -0.2 -3.9 0.0 2.4 -0.1
Estonia -0.9 8.3 0.6 0.6 -0.1 -2.2 -2.6 -0.1 -1.3 -1.9
Finland 0.0 0.3 0.1 0.5 -0.1 0.0 -0.7 0.0 0.5 0.0
France 0.0 0.7 0.2 0.5 -0.1 0.0 -0.8 0.0 0.6 0.0
Germany -0.2 1.7 -0.2 0.5 -0.2 -0.3 -1.4 0.0 0.7 -0.5
Greece 0.0 1.9 -0.6 0.5 -0.2 0.0 -1.4 0.0 0.7 0.1
Hungary -0.7 3.7 -0.7 0.6 0.0 -0.9 -1.8 -0.2 1.8 -0.5
Ireland -0.9 3.1 -0.5 0.5 -0.7 -0.1 -1.6 0.1 0.6 -0.3
Italy -0.4 4.8 -0.5 0.5 -0.9 -0.8 -4.4 -0.1 3.1 -0.1
Latvia -0.1 2.7 0.0 0.6 -0.3 -0.6 -0.6 0.0 -0.3 -1.0
Lithuania -0.3 18 0.3 0.6 -0.1 -0.4 -0.8 -0.1 0.0 -0.4
Malta 0.1 2.1 0.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Netherlands 0.0 0.4 0.2 0.5 -0.1 0.0 0.0 0.0 0.0 -0.1
Poland -0.1 6.9 -0.1 0.6 -0.1 -0.2 -0.8 -0.1 0.6 -0.1
Portugal -0.1 0.8 -0.4 0.5 -0.6 -0.2 -1.9 0.1 1.5 -0.2
Romania 0.7 -1.8 0.7 0.1 -0.2 0.5 0.3 0.4 0.1 0.0
Slovakia -0.6 3.2 0.2 0.6 -0.3 -2.5 -4.5 -0.1 -0.2 -1.7
Slovenia -0.2 2.0 0.6 0.6 -0.5 -0.1 -0.9 0.0 0.5 0.0
Spain 0.0 3.0 -0.2 0.5 -0.5 -0.1 -1.9 0.0 2.0 -0.1
Sweden -0.1 0.5 0.0 0.5 0.0 -0.2 -0.9 0.0 0.5 0.0
United Kingdom 0.0 1.0 0.1 0.5 -0.5 -0.3 -1.9 0.1 0.3 -0.6
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Fertilizer use is somewhat declining in the CAPRhudations because farmers are
assumed to maintain the desired ratio of crop abkal N supply to N demand. They
would thus adjust to lower NHosses with a decline of fertilizer applicationowkver
this adjustment does not completely eliminate th&agonistic effect on leaching, as a
part of the increased N from manure will be consdainavailable to crops.

The variation between countries in the IPPC scermas driven by the assumed changes
of penetration rates for NfHemission abatement measures which in turn maiefjve
from the country level farm structure informatiomdethe expected implementation. The
above average impact in Italy, for example, derifresn a significant application of
stable adaptation measures which are both costlyeffiective. The additional cost in
turn reinforces the savings in emissions througlr tbupply curbing impact. Excretion is
usually declining as a consequence of LNF buteffesct may be compensated to a large
extent by an expansion of animal production, if grece increases on EU markets
stimulate production more than the curbing effddtigher cost on IPPC farms.

Table 5.13. shows that the major contributionsggragate income are hardly affected by
scenario IPPCL1.



Table 5.13. Contributions to agricultural incomecacding to CAPRI simulations for a

moderate extension of IPPC coverage (IPPC1 2020PRCO in 2020

EAA value  Unit value EAA Quantity EAAvalue Unit value EAA Quantity
[million €] [€/1] [1000t]  [million €] [€/1] [1000 ]
European Union 27
Production value 427108 0.0%
Cereals 35589 105 339079 -0.1% -0.1% 0.0%
Other non fodder 157328 252 624671 0.0% 0.0% 0.0%
Fodder 18922 9 2141668 0.0% 0.0% -0.1%
Meat 74654 1629 45818 0.1% 0.2% -0.1%
Other Animal products 59486 273 217671 0.1% 0.1% 0.0%
Other output 81129 164 493456 0.0% 0.0% 0.0%
Inputs 262230 0.1%
Fertiliser 39252 819 47912 0.0% 0.0% 0.0%
Feedingstuff 71915 47 1543543 -0.3% -0.3% 0.0%
Other input 151063 283 532917 0.4% 0.3% 0.1%
European Union 15
Production value 371005 0.0%
Cereals 26426 110 239820 -0.1% -0.1% 0.0%
Other non fodder 140787 263 535176 0.0% 0.0% 0.0%
Fodder 15796 9 1764251 0.0% 0.0% 0.0%
Meat 64895 1695 38275 0.1% 0.2% -0.1%
Other Animal products 51308 278 184390 0.1% 0.1% 0.0%
Other output 71794 174 413408 0.0% 0.0% 0.0%
Inputs 225505 0.1%
Fertiliser 31791 850 37390 0.0% 0.0% 0.0%
Feedingstuff 62599 a7 1324382 -0.3% -0.2% 0.0%
Other input 131114 292 449002 0.4% 0.3% 0.1%
European Union 12
Production value 56102 0.0%
Cereals 9163 92 99259 -0.1% -0.1% 0.0%
Other non fodder 16541 185 89496 0.0% 0.0% 0.0%
Fodder 3126 8 377418 -0.1% 0.0% -0.1%
Meat 9759 1294 7543 0.2% 0.2% 0.0%
Other Animal products 8178 246 33281 0.1% 0.0% 0.0%
Other output 9335 117 80048 0.0% -0.1% 0.1%
Inputs 36725 0.1%
Fertiliser 7461 709 10523 0.0% 0.0% 0.0%
Feedingstuff 9316 43 219161 -0.4% -0.5% 0.0%
Other input 19948 238 83915 0.3% 0.2% 0.1%

15C



The change in agricultural income is one compomérthe total change in ‘economic
welfare’ (Table 5.14).

Table 5.14. Contributions to the change in conw@i economic welfare according to
CAPRI simulations for a moderate extension of IR®€erage (IPPC1 2020) vs. IPPCO
in 2020 [million €]

EU27 EU15 EU12

Total -532 -491 -41
Consumer money metric -236 -206 -30
Agricultural income -240 -239 -1
Premiums 0 0 0
Agricultural Output 89 68 21
Output crops -37 -30 -7
Output animals 126 98 28
Output rest 0 0 0
Agricultural Input 329 307 22
Crop specific Input -7 -6 -1
Animal specific Input -227 -183 -44
Other Input 564 496 67
‘Net' direct cost 334 313 21
Profit of dairies 1 1 0
Profit of other processing -48 -42 -6
Tariff revenues -4 -1 -3
FEOGA first pillar 4 3 0

The price increases reduce consumer welfare. Agbaine additional ‘net direct cost’ for
NH;3; emission abatement measures on IPPC farms (3394 m #us passed on to
consumers (aggregate loss: 236 m €) such thatuigrie is less affected (-240 m € ).
This ‘net direct cost’ is defined as in Annex 3t I$ the cost of additional quality of
management and feed plus costs of permits andfratyosavings on fertilizer cost or
feed quantities due to LNF". Note that the totalfare loss is somewhat larger than the
net direct cost but not very far away from thisgthtforward measure of economic cost.
Impacts on the processing industry and on the Hualgenegligible. Whereas the change
in our conventional welfare measure is clearly tiggat has to be mentioned that the
benefits of this and other scenarios in terms afuced emissions have not been
monetised. The estimated (partial) welfare loss aynterpreted as an estimate of the
cost to society to achieve the environmental imprognts in terms of reduced emissions
of NHs.

Moving to the strong extension of IPPC coveragel@s5.14-5.18) reinforces all effects
discussed so far without modification in basic tietaships.
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Table 5.15. Simulation results of a strong extem&ibIPPC coverage (IPPC2 2020) vs.
IPPCO in 2020

Absolute change IPPC2 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[m €] [m€][kton] [€/ton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -392 622 -28 10 -43 -41 -63 5 8 -5
Austria 4 5 0 8 0 0 0 0 0 0
Belgium -18 27 -6 9 0 -1 -1 0 0 0
Bulgaria 30 -26 0 2 -1 1 0 1 0 0
Cyprus -2 2 0 15 0 0 0 0 0 0
Czech. Rep -20 20 -2 7 -2 -1 -1 1 0 0
Denmark -13 19 -4 7 -1 -2 -3 0 0 0
Estonia -2 2 0 14 0 0 0 0 0 0
Finland 1 3 0 9 0 0 0 0 0 0
France -34 78 2 11 -5 -2 -8 0 1 0
Germany -66 120 -5 8 -5 -8 -9 0 1 -1
Greece -4 5 -1 7 0 0 -1 0 0 0
Hungary -39 36 -3 12 0 -2 -2 0 0 0
Ireland -31 28 -1 9 -3 0 -2 1 0 0
Italy -186 143 -4 12 -7 -11 -17 -2 2 0
Latvia -1 1 0 72 0 0 0 0 0 0
Lithuania -4 5 0 22 0 0 0 0 0 0
Malta 0 0 0 13 0 0 0 0 0 0
Netherlands -1 22 -1 7 0 -1 0 0 0 0
Poland -6 24 -1 9 -2 -1 -2 0 0 0
Portugal -5 12 -2 9 -1 -1 -1 0 0 0
Romania 53 -35 1 3 -1 2 0 2 0 0
Slovakia -5 6 0 10 0 -1 -1 0 0 0
Slovenia -4 4 0 9 0 0 0 0 0 0
Spain -35 75 -6 9 -5 -5 -8 0 2 0
Sweden -5 10 0 8 0 -1 -1 0 0 0
United Kingdom -1 39 4 9 -6 -5 -6 2 0 -1

Percentage change IPPC2 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -0.2 2.8 -0.2 0.8 -0.4 -0.4 -2.2 0.1 1.1 -0.4
Austria 0.1 0.7 -0.3 0.8 -0.4 0.1 -0.3 0.1 0.6 -0.2
Belgium -0.5 8.6 -1.8 0.8 -0.2 -0.3 -1.4 -0.1 24 -0.1
Bulgaria 11 -8.7 0.4 0.1 -0.4 0.7 0.3 0.7 0.2 0.0
Cyprus -0.5 7.8 0.0 0.9 -0.4 -1.0 -4.2 -0.3 1.1 -0.9
Czech. Rep -1.1 6.0 -0.6 0.9 -0.6 -1.1 24 1.0 -0.1 -1.6
Denmark -0.4 3.5 -1.8 0.8 -0.7 -0.6 -4.4 -0.1 2.2 -0.5
Estonia -0.8 9.5 0.8 0.9 -0.2 -2.4 -3.0 -0.1 -1.3 -1.9
Finland 0.1 0.4 0.2 0.8 -0.2 0.1 -0.9 0.1 0.7 0.0
France -0.1 1.8 0.1 0.8 -0.2 -0.1 -1.6 0.0 0.8 0.0
Germany -0.4 31 -0.3 0.8 -0.3 -0.6 -2.0 0.0 0.8 -0.7
Greece 0.0 3.3 -0.8 0.8 -0.2 0.0 -1.9 0.0 0.9 0.1
Hungary -1.0 5.3 -0.7 0.9 -0.1 -1.3 -2.7 -0.4 2.0 -0.7
Ireland -1.2 4.3 -0.5 0.8 -11 -0.1 -1.9 0.2 0.6 -0.5
Italy -0.5 6.7 -0.4 0.8 -1.0 -1.2 -5.1 -0.2 3.3 -0.5
Latvia -0.2 4.0 0.4 0.9 -0.4 -0.7 -0.7 0.0 -0.3 -1.2
Lithuania -0.7 35 0.4 0.9 -0.2 -0.5 -1.0 -0.1 0.0 -0.6
Malta 0.0 4.6 0.3 0.9 0.0 -0.4 0.0 0.0 0.0 -5.0
Netherlands 0.0 1.0 -0.1 0.8 -0.1 -0.3 -0.2 0.0 -0.2 -0.3
Poland -0.1 10.3 -0.1 0.9 -0.2 -0.2 -1.0 0.0 0.8 -0.1
Portugal -0.1 15 -0.5 0.8 -0.7 -0.4 -2.4 0.0 1.6 -0.4
Romania 1.0 -25 1.0 0.1 -0.3 0.8 0.5 0.6 0.1 0.0
Slovakia -0.8 4.1 0.3 0.9 -0.4 -2.9 -5.6 -0.2 0.0 -1.9
Slovenia -0.6 6.2 0.5 0.9 -0.7 -0.4 -2.1 -0.3 1.0 0.0
Spain -0.1 6.6 -0.4 0.8 -0.7 -0.4 -2.5 0.0 2.2 -0.5
Sweden -0.3 11 0.1 0.8 0.0 -0.4 -15 0.1 0.5 -0.3
United Kingdom 0.0 1.6 0.2 0.8 -0.8 -0.5 -2.6 0.2 0.3 -0.9
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Even for the strong expansion the aggregate inceifieets are rather moderate on the
sectoral level, in particular in percentage terfsdently this does not hold for the farms
affected.

Table 5.16. Contributions to agricultural incomecacding to CAPRI simulations for a

strong extension of IPPC coverage (IPPC2 2020)RBCO0 in 2020
EAA value  Unit value EAA Quantity EAA value Unit value EAA Quantity

[million €] [€/1] [1000 ] [million €] [€/1] [1000 t]
European Union 27
Production value 427108 0.1%
Cereals 35589 105 339079 -0.2% -0.2% 0.0%
Other non fodder 157328 252 624671 0.0% 0.0% 0.0%
Fodder 18922 9 2141668 -0.1% 0.0% -0.1%
Meat 74654 1629 45818 0.3% 0.4% -0.2%
Other Animal products 59486 273 217671 0.2% 0.2% 0.0%
Other output 81129 164 493456 0.0% 0.1% -0.1%
Inputs 262230 0.2%
Fertiliser 39252 819 47912 0.0% 0.0% 0.0%
Feedingstuff 71915 47 1543543 -0.5% -0.4% 0.0%
Other input 151063 283 532917 0.7% 0.6% 0.1%
European Union 15
Production value 371005 0.1%
Cereals 26426 110 239820 -0.2% -0.2% 0.0%
Other non fodder 140787 263 535176 0.0% 0.0% 0.0%
Fodder 15796 9 1764251 0.0% 0.1% -0.1%
Meat 64895 1695 38275 0.3% 0.4% -0.2%
Other Animal products 51308 278 184390 0.2% 0.2% 0.0%
Other output 71794 174 413408 0.0% 0.1% -0.1%
Inputs 225505 0.3%
Fertiliser 31791 850 37390 0.0% 0.0% 0.0%
Feedingstuff 62599 47 1324382 -0.5% -0.4% -0.1%
Other input 131114 292 449002 0.7% 0.6% 0.0%
European Union 12
Production value 56102 0.1%
Cereals 9163 92 99259 -0.2% -0.2% 0.0%
Other non fodder 16541 185 89496 0.0% 0.0% 0.0%
Fodder 3126 8 377418 -0.1% 0.0% -0.1%
Meat 9759 1294 7543 0.4% 0.4% 0.0%
Other Animal products 8178 246 33281 0.2% 0.1% 0.1%
Other output 9335 117 80048 0.0% -0.1% 0.1%
Inputs 36725 0.1%
Fertiliser 7461 709 10523 0.0% 0.0% 0.0%
Feedingstuff 9316 43 219161 -0.6% -0.6% 0.0%
Other input 19948 238 83915 0.5% 0.3% 0.2%

Finally we add the welfare effects of a strong esgien of IPPC coverage (Table 5.17).
The price increases reduce consumer welfare arglgraa significant part of the direct
cost for NH3 emission abatement measures on IPP@sfdao consumers such that
agriculture is less affected. Impacts on the preiogsindustry and on the budget are
negligible. As under scenario IPPC1 the changeuinconventional welfare measure is
clearly negative (-980 m €), indicating that redliegnissions of NH3 are not available
for free.
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Table 5.17. Contributions to the change in conw&i economic welfare according to
CAPRI simulations for a strong extension of IPP@earage (IPPC2 2020) vs. IPPCO in
2020 [million €]

EU27 EU15 EU12

Total -980 -907 -73
Consumer money metric -471 -410 -61
Agricultural income -392 -393 1
Premiums 0 0 0
Agricultural Output 251 207 43
Output crops -84 -67 -17
Output animals 335 274 61
Output rest 0 0 0
Agricultural Input 642 600 43
Crop specific Input -14 -12 -2
Animal specific Input -336 -281 -55
Other Input 992 892 100
‘Net' direct cost 622 584 39
Profit of dairies 2 2 0
Profit of other processing -114 -102 -12
Tariff revenues 1 1 0
FEOGA first pillar 7 7 0

At this point it will be illuminating to look at #hseparate contributions from LNF to the
impacts of the ‘strong’ extension of IPPC coverageler scenario IPPC2. For this
purpose it has been investigated what would beréelt if, contrary to the CAPRI
default assumption, LNF wouldot be mandatory for IPPC2 farms. Comparing this
scenario with the standard version of IPPC2 revéads partial contribution of LNF
according to our simulations (Table 5.18).

This partial LNF impact compares well with the ies@rom Annex 3 where it has been
investigated what would be the LNF impacts withéwtther ammonia measures on
IPPC2 farms. The presence or absence of standandomia measures modifies the
estimated contribution of LNF measures, but dogduralamentally change the picture:
On the EU27 level the agricultural income loss & 5n € (397 m € according to
Annex 3) and ammonia losses decline by 32 ktongn(@nnex 3), for example. This
consistency is reassuring. More importantly it aon$ that the contribution of LNF in
the CAPRI simulations of IPPC scenarios is sigaificand partly explains the stronger
impacts obtained compared to Miterra-Europe. Nog¢ the agricultural income loss due
to LNF on IPPC2 farms is larger than the additidnas when moving from the IPPC1
extension to IPPC2. Expressed differently the gaimcome would have been higher if
LNF were abolished on all IPPC2 farms rather thanieating both ammonia measures
and LNF on the additional farms coming under IPP@ia state of extension.
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Table 5.18: Simulation results of scenario IPPCRasg extension of IPPC coverage)

with LNF compared to IPPC2 without LNF in 2020
Absolute change IPPC2 without LNF vs. IPPC2 2020

agric 'net'dir poultry poultry mineral total NH3 total CH4 total N2O
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[m €] [m €] [kton] [€/ton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -541 1175 -83 30 -23 -108 -32 14 -6 -15
Austria 13 9 1 27 -1 0 0 0 0 0
Belgium -9 37 -4 29 0 -1 0 0 0 0
Bulgaria 9 -4 1 13 -1 0 0 0 0 0
Cyprus -3 3 0 42 0 -1 0 0 0 0
Czech. Rep -12 21 3 20 -2 0 0 1 0 -1
Denmark -11 15 -1 22 1 -6 -1 0 0 -1
Estonia -2 2 0 38 0 -1 0 0 0 0
Finland -3 11 -1 31 0 0 0 0 0 0
France 23 129 17 36 -4 -2 -1 2 0 -1
Germany -93 197 -16 25 -1 -17 -5 1 -1 -3
Greece -3 14 -2 21 -1 0 0 0 0 0
Hungary -39 53 -3 34 0 -4 -1 0 0 0
Ireland -40 45 -2 28 -4 0 0 3 0 0
Italy -133 175 -14 40 0 -19 -5 -1 -1 -2
Latvia -1 1 0 199 0 0 0 0 0 0
Lithuania -3 4 0 60 0 -1 0 0 0 0
Malta 0 0 0 37 0 0 0 0 0 0
Netherlands -25 48 -24 23 0 -6 -1 0 0 -1
Poland -12 48 3 24 -1 -6 -1 0 0 -1
Portugal -17 29 -3 29 0 -2 -1 0 0 0
Romania 19 -6 3 16 -1 1 0 1 0 0
Slovakia -2 5 0 28 0 -2 -1 0 0 0
Slovenia 3 2 2 26 0 0 0 0 0 0
Spain -122 202 -6 29 -3 -22 -7 1 -1 -2
Sweden -3 16 -2 25 1 -1 0 0 0 0
United Kingdom -74 119 -34 30 -6 -17 -6 5 -1 -3

Percentage change IPPC2 without LNF vs. IPPC2 2020

agric 'net'dir poultry poultry mineral total NH3 total CH4 total N2O
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -0,3 6,1 -0,6 25 -0,2 -11 -1.1 0,1 -0,8 -1,4
Austria 0,4 1,7 0,5 2,5 -0,8 0,2 0,1 0,2 -0,1 -0,4
Belgium -0,3 15,3 -1,4 2,5 -0,2 -0,4 -0,4 -0,1 -0,4 -0,6
Bulgaria 0,3 0,8 0,9 0,8 -0,4 0,2 0,1 0,1 -0,1 -0,2
Cyprus -0,8 20,3 -1,0 2,4 1,2 -3,0 -4,7 -0,5 -3,3 -2,3
Czech. Rep -0,7 5,2 1,2 2,4 -0,7 -0,4 -0,5 1,4 -0,6 -1,7
Denmark -0,4 5,6 -0,4 2,5 0,4 -1,8 -1,8 -0,2 -1,4 -2,5
Estonia -11 13,7 11 2,4 0,0 -3,0 -2,6 -0,2 -1,3 -2,6
Finland -0,2 1,6 -0,6 2,5 -0,2 -0,1 -0,1 0,1 -0,2 -0,5
France 0,1 34 0,8 2,5 -0,2 -0,1 -0,2 0,1 -0,2 -0,3
Germany -0,5 6,4 -0,9 2,5 -0,1 -1,2 -1,0 0,1 -0,9 -2,0
Greece 0,0 8,7 -1,4 2,5 -0,3 -0,1 -0,3 0,1 -0,2 -0,2
Hungary -1,0 8,2 -0,6 2,4 0,0 -2,3 -1,8 -0,1 -0,8 -1,6
Ireland -1,5 4,7 -1,4 2,5 -1,5 0,0 -0,3 0,6 -0,4 -1,2
Italy -0,4 75 -1,6 2,5 0,0 -2,2 -1,7 -0,1 -1,6 -2,6
Latvia -0,3 58 0,4 2,4 -0,6 -1,0 -1,0 0,1 -0,5 -1,7
Lithuania -0,5 5,0 0,9 2,4 -0,2 -1,0 -0,9 0,0 -0,2 -1,2
Malta 0,2 13,6 1,9 2,4 0,0 -0,4 0,0 -0,5 0,0 0,0
Netherlands -0,2 3,6 -4,0 2,5 0,2 -1,3 -1,4 0,0 -1,6 -1,3
Poland -0,1 26,8 0,2 2,4 -0,1 -1,0 -0,6 -0,1 -0,5 -1,0
Portugal -0,4 3,9 -1,0 2,5 -0,3 -1,1 -1,4 0,2 -1,1 -1,4
Romania 0,3 0,1 1,8 0,8 -0,2 0,3 0,2 0,2 0,0 -0,1
Slovakia -0,3 4,8 0,3 2,4 0,0 -4,4 -33 0,2 -1,6 -3,8
Slovenia 0,5 5,4 3,1 2,4 -0,3 0,0 0,2 -0,1 -0,5 -0,5
Spain -0,3 25,4 -0,4 2,5 -0,4 -1,6 -2,2 0,1 -1,5 -2,0
Sweden -0,2 2,2 -1,3 2,5 0,5 -1,0 -0,9 0,2 -0,6 -0,3
United Kingdom -0,7 5,8 -1,9 2,5 -0,7 -1,6 -2,8 0,4 -1,5 -2,2
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The contribution of LNF to the overall effects iarfpcularly interesting for the income
and welfare impacts (Table 5.19). It may be seat the ‘net direct cost’ are an
incomplete indicator of total welfare cost.

Table 5.19: Contributions to the change in conwvamdl economic welfare according to
CAPRI simulations for scenario IPPC2 (strong extemf IPPC coverage) with LNF
compared to IPPC2 without LNF in 2020 [million €]

EU27 EU15 EU12

Total -2284 -2025 -259
Consumer money metric -1324 -1158 -166
Agricultural income -564 -512 -53
Premiums 1 0 1
Agricultural Output 575 485 90
Output crops -234 -171 -62
Output animals 808 656 152
Output rest 0 0 0
Agricultural Input 1140 997 143
Crop specific Input -41 -35 -6
Animal specific Input -973 -856 -116
Other Input 2153 1888 265
‘Net' direct cost 1190 1054 136
Profit of dairies 9 7 1
Profit of other processing -381 -340 -42
Tariff revenues 17 16 1
FEOGA first pillar 41 40 1

For the strong expansion of IPPC coverage we hés@ iavestigated the additional
effect of mandatory additional low nitrogen applioa of manure (Table 5.20).

15¢



Table 5.20: Simulation results of scenario IPPCRasg extension of IPPC coverage)

with additional LNA compared to IPPC2 without adlatiial LNA in 2020
Absolute change IPPC2 + more LNA vs. IPPC2 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[m €] [m€][kton] [€/ton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -90 177 -15 4 -34 -1 -43 0 4 1
Austria 2 1 0 3 0 0 0 0 0 0
Belgium 4 2 1 4 0 0 0 0 0 0
Bulgaria 1 0 0 2 0 0 0 0 0 0
Cyprus -2 1 0 8 0 0 0 0 0 0
Czech. Rep -12 9 -4 4 -1 0 -1 0 0 0
Denmark 2 2 -1 3 -1 0 -1 0 0 0
Estonia -1 1 0 7 0 0 0 0 0 0
Finland 1 1 0 4 0 0 0 0 0 0
France -14 23 -5 5 -7 0 -10 0 1 0
Germany 28 3 6 3 1 1 2 0 0 0
Greece -2 2 -1 3 0 0 -1 0 0 0
Hungary -14 13 -4 7 -2 0 -3 0 0 0
Ireland -4 4 -1 4 -1 0 -1 0 0 0
Italy -6 14 -3 5 -3 0 -5 0 1 0
Latvia -1 1 0 38 0 0 0 0 0 0
Lithuania -2 2 0 11 0 0 0 0 0 0
Malta 0 0 0 7 0 0 0 0 0 0
Netherlands 6 4 2 3 0 0 0 0 0 0
Poland 6 7 1 5 -2 0 -2 0 0 0
Portugal -9 7 -1 4 -2 0 -2 0 0 0
Romania 2 0 0 2 0 0 0 0 0 0
Slovakia -7 5 -1 5 -1 0 -2 0 0 0
Slovenia 0 0 0 5 0 0 0 0 0 0
Spain -65 52 -8 4 -10 -1 -14 0 1 0
Sweden -2 2 -1 3 0 0 -1 0 0 0
United Kingdom 0 20 5 4 -2 0 -2 0 0 0

Percentage change IPPC2 + more LNA vs. IPPC2 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 0.0 0.6 -0.1 0.3 -0.3 0.0 -1.5 0.0 0.6 0.1
Austria 0.1 0.1 0.0 0.3 -0.4 0.0 -0.5 0.0 0.3 0.0
Belgium 0.1 0.0 0.2 0.3 0.0 0.1 0.1 0.0 0.1 0.0
Bulgaria 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Cyprus -0.4 3.4 -0.6 0.4 -2.4 -0.4 -8.8 -0.2 34 0.5
Czech. Rep -0.7 2.2 -1.7 0.4 -0.3 -0.2 -3.3 0.0 0.9 0.2
Denmark 0.1 0.3 -0.6 0.3 -0.3 0.0 -11 0.0 0.2 0.1
Estonia -0.7 4.1 0.3 0.4 -0.7 -0.3 -4.2 -0.2 1.4 0.0
Finland 0.0 0.1 0.2 0.3 -0.1 0.0 -0.3 0.0 0.2 0.0
France 0.0 0.5 -0.2 0.3 -0.3 0.0 -2.0 0.0 0.7 0.2
Germany 0.2 -0.1 0.3 0.3 0.1 0.1 0.5 0.0 -0.1 -0.1
Greece 0.0 1.3 -0.6 0.3 -0.2 -0.1 -2.3 0.0 0.5 0.2
Hungary -0.4 1.6 -0.7 0.4 -0.5 -0.1 -4.1 0.0 1.2 0.3
Ireland -0.2 0.9 -0.5 0.3 -0.2 0.0 -0.7 0.0 0.5 0.0
Italy 0.0 0.6 -0.3 0.3 -0.5 0.0 -15 0.0 0.9 0.2
Latvia -0.2 0.7 -0.4 0.4 -0.2 0.0 -1.2 0.0 0.3 0.0
Lithuania -0.3 14 0.1 0.4 -0.3 -0.2 -2.0 -0.1 0.5 0.1
Malta 0.2 0.0 0.7 0.4 0.0 0.4 0.0 0.0 0.0 0.0
Netherlands 0.1 0.0 0.3 0.3 -0.1 0.1 0.1 0.0 0.1 0.0
Poland 0.1 1.6 0.1 0.4 -0.2 0.1 -0.8 0.0 0.4 0.1
Portugal -0.2 0.9 -0.5 0.3 -1.5 -0.1 -4.4 0.0 1.8 0.3
Romania 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Slovakia -1.0 2.4 -0.7 0.4 -1.1 -0.6 -10.6 -0.4 3.0 0.8
Slovenia 0.1 0.6 0.6 0.4 -0.5 0.0 -0.7 0.0 0.5 0.5
Spain -0.2 3.8 -0.4 0.3 -1.3 -0.1 -4.6 0.0 1.8 0.3
Sweden -0.1 0.4 -0.9 0.3 -0.3 -0.1 -1.6 0.0 0.9 0.0
United Kingdom 0.0 0.4 0.3 0.3 -0.3 0.0 -1.1 0.0 0.3 0.1




Associated welfare and income effects are giverainle 5.21

Table 5.21: Contributions to the change in convamdi economic welfare according to
CAPRI simulations for scenario IPPC2 (strong extemsof IPPC coverage) with
additional LNA compared to IPPC2 without additiohNA in 2020 [million €]

EU27 EU15 EU12

Total -259 -205 -54
Consumer money metric -169 -144 -25
Agricultural income -90 -61 -30
Premiums 0 0 0
Agricultural Output 124 113 11
Output crops 4 3 0
Output animals 121 110 11
Output rest 0 0 0
Agricultural Input 215 173 41
Crop specific Input -1 0 0
Animal specific Input -5 4 -9
Other Input 221 170 51
‘Net' direct cost 177 138 40
Profit of dairies 0 0 0
Profit of other processing -2 -2 -1
Tariff revenues 1 0 1
FEOGA first pillar -1 -1 0

Finally we will look at the ‘very strong’ extensiaf IPPC coverage in scenario IPPC3
(Tables 5.22; 5.23).
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Table 5.22: Simulation results of a very strongeaston of IPPC coverage (IPPC3
2020) vs. IPPCO0 in 2020

Absolute change IPPC3 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[m €] [m€][kton] [€/ton] [kton N] [kton N] [kton N] [kton N] [kton N] [kton N]
EU27 -558 892 -37 13 -56 -63 -85 4 9 -7
Austria 7 7 -1 11 -1 0 0 0 0 0
Belgium -19 37 -7 12 0 -1 -1 0 0 0
Bulgaria 27 -23 0 4 -1 1 0 1 0 0
Cyprus -3 2 0 20 0 0 0 0 0 0
Czech. Rep -25 22 -2 10 -2 -2 -1 1 0 -1
Denmark -11 21 -4 9 -1 -3 -3 0 0 0
Estonia -3 3 0 18 0 -1 0 0 0 0
Finland 1 4 0 13 0 0 0 0 0 0
France -86 138 -1 15 -8 -6 -14 -3 1 0
Germany -70 150 -7 10 -7 -10 -12 0 1 -1
Greece -6 8 -2 9 -1 0 -1 0 0 0
Hungary -45 44 -4 16 -1 -3 -2 0 0 0
Ireland -38 38 -1 11 -4 0 -2 2 0 0
Italy -253 198 -2 16 -9 -16 -22 -2 2 -1
Latvia -1 1 0 94 0 0 0 0 0 0
Lithuania -5 5 0 28 0 0 0 0 0 0
Malta 0 0 0 17 0 0 0 0 0 0
Netherlands 1 32 -1 10 0 -2 0 0 0 0
Poland -5 32 -2 11 -2 -1 -3 0 1 0
Portugal -7 18 -2 12 -1 -2 -2 0 0 0
Romania 43 -28 2 5 -1 2 0 2 0 0
Slovakia -6 7 0 13 -1 -2 -1 0 0 0
Slovenia -3 4 0 12 0 0 -1 0 0 0
Spain -46 106 -11 12 -7 -9 -10 1 2 -1
Sweden -5 13 0 10 0 -1 -1 0 0 0
United Kingdom 2 53 6 12 -9 -6 -7 4 0 -2

Percentage change IPPC3 vs. IPPCO 2020

agric 'net' dir  poultry  poultry mineral total NH3 total CH4 total N20
income cost meat prd price fertiliser excretion loss emisions emisions leaching
[%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
EU27 -0.3 4.0 -0.3 1.1 -0.5 -0.6 -2.9 0.0 1.3 -0.6
Austria 0.2 1.0 -0.6 1.0 -0.7 0.1 -0.5 0.1 0.9 -0.2
Belgium -0.5 11.6 -2.2 1.0 -0.3 -0.4 -1.6 0.0 2.6 -0.3
Bulgaria 1.0 -6.6 0.4 0.3 -0.4 0.6 0.3 0.6 0.1 -0.1
Cyprus -0.8 114 0.0 1.1 -0.4 -1.7 -6.3 -0.5 1.1 -0.9
Czech. Rep -1.4 7.3 -0.6 1.1 -0.7 -1.4 -3.4 11 0.0 -1.7
Denmark -0.4 4.2 -1.7 1.0 -0.6 -1.0 -4.9 -0.2 2.1 -1.0
Estonia -1.3 13.3 1.1 1.1 -0.2 -3.0 -4.1 -0.4 -1.3 -2.3
Finland 0.1 0.7 0.1 1.0 -0.3 0.1 -1.3 0.1 0.9 0.0
France -0.3 3.4 0.0 1.0 -0.4 -0.4 -2.9 -0.1 1.2 0.0
Germany -0.4 4.1 -04 1.0 -0.4 -0.7 -2.5 0.0 1.1 -0.9
Greece -0.1 4.9 -1.2 1.0 -0.3 -0.1 -2.5 0.1 1.1 0.1
Hungary -1.2 6.6 -0.7 1.1 -0.1 -1.6 -3.4 -0.5 2.2 -0.9
Ireland -1.5 5.3 -0.6 1.0 -15 -0.1 -2.2 0.4 0.7 -0.7
Italy -0.7 9.3 -0.3 1.0 -1.2 -1.8 -6.5 -0.3 3.6 -0.9
Latvia -0.3 4.7 0.4 11 -0.5 -0.7 -0.7 0.2 -0.3 -1.3
Lithuania -0.7 4.1 0.4 1.1 -0.2 -0.7 -1.5 -0.2 0.1 -0.8
Malta -0.2 6.8 0.3 1.1 0.0 -0.9 -1.3 0.0 0.0 -5.0
Netherlands 0.0 15 -0.1 1.0 -0.1 -0.4 -0.4 0.0 -0.4 -0.6
Poland -0.1 13.6 -0.1 1.1 -0.2 -0.2 -1.2 0.0 1.0 -0.2
Portugal -0.2 2.2 -0.8 1.0 -0.9 -0.7 -3.1 0.0 1.6 -0.7
Romania 0.8 -1.7 1.0 0.3 -0.3 0.7 0.4 0.5 0.1 0.0
Slovakia -0.9 4.9 0.4 1.1 -0.5 -3.5 -6.9 -0.3 0.0 -2.3
Slovenia -0.5 6.5 0.5 11 -1.4 -0.4 -3.1 -0.1 1.9 0.0
Spain -0.1 9.7 -0.6 1.0 -0.9 -0.7 -3.3 0.0 2.6 -0.9
Sweden -0.4 1.4 0.2 1.0 0.0 -0.5 -2.0 0.1 0.6 -0.3
United Kingdom 0.0 2.2 0.3 1.0 -1.1 -0.6 -3.5 0.3 0.3 -1.3




24T = -1 BE -1 BS «-135 105 < 054 =054 < -0.03 003« 058 058 < L19

Figure 5.6. Regional variation of percentage incogftects for scenario IPPC3 2020
relative to IPPCO in 2020.

In the case of the IPPC3 2020 scenario we mightt fahel non-negligible differences
between regions (Figure 5.6). In general we seeetyen with a very strong extension of
IPPC coverage the aggregate income effects ardlyiseay small and sometimes even
positive. This does not hold where the positive astpfrom small increases in meat
prices is insufficient to compensate for the insee@ costs and loss in meat output and
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where the animal sector contributes significandlyverall agricultural output. Gains are
possible if the increase in farms covered undeCliEPsmall (FI, UK, evidently in BG +
RO, where IPPC coverage is unknown).

Table 5.23: Contributions to agricultural incomecaeding to CAPRI simulations for a

very strong extension of IPPC coverage (IPPC3 2@20)JPPCO0 in 2020
EAA value  Unit value EAA Quantity EAA value Unit value EAA Quantity

[million €] [€/1] [1000t]  [million €] [€/1] [1000 ]
European Union 27
Production value 427108 0.1%
Cereals 35589 105 339079 -0.4% -0.4% 0.0%
Other non fodder 157328 252 624671 0.0% 0.0% 0.0%
Fodder 18922 9 2141668 -0.1% 0.0% -0.1%
Meat 74654 1629 45818 0.4% 0.7% -0.2%
Other Animal products 59486 273 217671 0.2% 0.2% 0.0%
Other output 81129 164 493456 0.1% 0.2% -0.1%
Inputs 262230 0.4%
Fertiliser 39252 819 47912 -0.1% 0.0% -0.1%
Feedingstuff 71915 47 1543543 -0.7% -0.6% -0.1%
Other input 151063 283 532917 1.0% 0.9% 0.1%
European Union 15
Production value 371005 0.1%
Cereals 26426 110 239820 -0.4% -0.3% 0.0%
Other non fodder 140787 263 535176 0.0% 0.0% 0.0%
Fodder 15796 9 1764251 -0.1% 0.1% -0.1%
Meat 64895 1695 38275 0.4% 0.7% -0.3%
Other Animal products 51308 278 184390 0.2% 0.2% 0.0%
Other output 71794 174 413408 0.1% 0.2% -0.2%
Inputs 225505 0.4%
Fertiliser 31791 850 37390 -0.1% 0.0% -0.1%
Feedingstuff 62599 47 1324382 -0.7% -0.6% -0.1%
Other input 131114 292 449002 1.0% 0.9% 0.1%
European Union 12
Production value 56102 0.1%
Cereals 9163 92 99259 -0.4% -0.4% 0.0%
Other non fodder 16541 185 89496 0.0% 0.0% 0.0%
Fodder 3126 8 377418 -0.1% 0.0% -0.2%
Meat 9759 1294 7543 0.6% 0.7% -0.1%
Other Animal products 8178 246 33281 0.2% 0.2% 0.1%
Other output 9335 117 80048 0.1% 0.0% 0.0%
Inputs 36725 0.2%
Fertiliser 7461 709 10523 0.0% 0.0% -0.1%
Feedingstuff 9316 43 219161 -0.9% -0.9% 0.0%
Other input 19948 238 83915 0.8% 0.6% 0.2%

Finally we add the welfare effects of the very sgy@xtension of IPPC coverage (Tables
5.24. The price increases reduce consumer welfadegpass on a significant part of the
net direct cost for Nklemission abatement measures on IPPC farms to menswsuch
that agriculture is less affected. Impacts on tlee@ssing industry and on the budget are
negligible. The change in our conventional welfareasure is negative (- 1425 m €),
indicating that reduced emissions of NH3 are costly
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Table 5.24: Contributions to the change in convamdi economic welfare according to
CAPRI simulations for a very strong extension d?@Pcoverage (IPPC3 2020) vs. ND
Full 2020 [million €]

EU27 EU15 EU12

Total -1425 -1293 -132
Consumer money metric -686 -599 -87
Agricultural income -558 -532 -27
Premiums -2 -2 1
Agricultural Output 374 327 47
Output crops -136 -102 -34
Output animals 509 429 80
Output rest 0 0 0
Agricultural Input 930 856 74
Crop specific Input -21 -18 -3
Animal specific Input -485 -406 -80
Other Input 1437 1280 157
‘Net' direct cost 892 822 70
Profit of dairies 4 3 0
Profit of other processing -178 -161 -17
Tariff revenues 4 4 0
FEOGA first pillar 9 9 1

The key results from the CAPRI simulations areextd again in Table 5.25 including
also a sensitivity analysis on additional LNA measuustarting from scenario IPPC3

Table 5.25: Simulation results of increase coverafiarms by IPPC

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]

IPPC1 -240 -236 -532 -47 5 7 -1036
IPPC2 -392 -471 -980 -63 5 8 -5
IPPC2 + more LNA -482 -640 -1239 -107 5 12 3
IPPC3 -558 -686 -1425 -85 4 9 -7
IPPC3 + more LNA -655 -877 -1712 -138 4 304 5

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

IPPC1 88 10 13 1947
IPPC2 65 -6 -8 5
IPPC2 + more LNA 86 -4 -10 3
IPPC3 60 -3 -6 5
IPPC3 + more LNA 81 -2 -177 3
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5.7. Discussion

Task 4 consisted of a wide variety of activitiesthma focus on the collection of data
needed for the assessment of lowering the IPPGhblé for intensive animal rearing,
and the inclusion of thresholds for cattle husbgndr

Data collection and analyses

Statistical data were obtained from EUROSTAT anedufiroughout the study to assure
a uniform basis for the calculations. However, dgrthe study the MS were invited to
submit MS specific information. This showed thaterth are differences between
EUROSTAT and MS data on farm size distribution, tluenber of IPPC farms and the
number of permits issued. For future work, a maskdsand consolidated basis for
statistical information must be found to make th&come of these type of studies
recognizable for MS representatives. Statisticahages within the MS should, therefore,
have to work more closely together with more genagencies like EUROSTAT. As
regards the number of IPPC farms and permits, nmétion derived directly from
Member States representatives is supposed to benelable than data from other, more
general sources.

Information on the environmental legislation per M&s gathered to the extent possible.
Especially in the perspective of penetration oftBeilable Techniques there appeared
to be a gap between the advisors’ perception arel ghrception of the MS
representatives. Their information was used to awprthe table with inputs on % of
penetration of BAT. Nevertheless, a more detaitegtmtory of the BAT penetration in
the coming years, based upon current and develdpgiglation, is advised to improve
the validity of projections.

Effects of threshold modifications on emissions

Revised IPPC thresholds for intensive animal regand new thresholds for cattle were
chosen on the basis of criteria concerning maxinpenmitting efficiency and restricted
increase in number of permits. The scenarios chappeared to have a relatively small
effect on the total NEHlemissions, whereas also the adverse effects a@r ethissions
(pollution swapping effects) were limited. Limitgabllution swapping was mainly a
results of the formulation of the scenarios; theskided measures to reduce all N losses
to the environment, such as balanced fertilizatfoll, implementation of the Nitrates
Directive and low nitrogen feeding. Key issue appdahe inclusion of ‘low emission
application of animal manure’. This measure is mowlegally regarded as an element of
the IPPC permit in many MS, although it is a pdrtthee BAT-Reference Document
under the IPPC Directive. A maximum reduction a&f H; emissions with 106 kton can
be achieved in 2020, when lowering the threshotisirftensive animal rearing and
thresholds for cattle husbandry include provisiams “low emission application of
animal manure’. Therefore, it is recommended tosmer strengthening of the EU
legislation concerning ‘low emissions applicatioh animal manure’, either in the
framework of the IPPC Directive, or under any otbaective (e.g. Nitrates Directive).
Next to ‘low nitrogen animal feeding’, low emissiomanure application is the most cost-
effective way to abate Ng-€missions.
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Reduction of the total NfHHemissions by 106 kton in 2020, due to a more geénih IPPC
Directive, can not be considered as ‘a substargduction’. Quite some efforts and costs
are needed in terms of numbers of permits and asimative costs for this extra
permitting to achieve the reduction. When the omtemf the calculations for 2000 and
2020 are compared, much more effect is seen frorora strict application of the current
IPPC Directive (including low emission applicatiohanimal manure and low nitrogen
feeding) than from lowering thresholds. Especialliien considering the difference
between European and MS related interpretatiorh@fIPPC Directive, more effort is
needed to improve compliance on MS level with fABC Directive as it is.

Autonomous developments and full implementation tleé Nitrates Directive will
decrease the total NHmissions by 616 kton in 2020 relative to thenezfee year 2000.
This decrease is much larger than the additionphonhof lowered IPPC thresholds (28-
106 kton). Including Low Nitrogen Application asBest Available Technique in the
IPPC permits significantly contributes to decregdimtal NH; emissions.

The efficiency of permits is strongly reduced whEPC thresholds are lowered.
Cumulative efficiency, expressed in kg Bbaved per permit, is reduced from 3,000 to
1,800 for IPPC1 and IPPC3, respectively. This iskedly higher for the LNA scenarios
(7,600 and 4,200 kg, respectively). The additicflitiency (extra NH saved per extra
permit issued) is around 1,200 kg and 2,400 kgvittout and with LNA, respectively.

The trade off of losses following from lowered IPB®esholds for nitrate leaching and
methane emissions are small, especially when cardp@arthe 2000+ND scenario. The
scenarios where LNA is considered, slightly incesligO emissions (3.7% maximum).

I mpact Assessment

As to the Impact Assessment for the Commission, ftlewing options have been
considered:

1. Inclusion of BAT for manure spreading

2. Inclusion of different threshold for poultry spes

3. Extending the scope of the IPPC Directive

A brief analysis of options 1 and 2 are presentddv.

As can be concluded from Table 3.10 in the Anneporeto Task #', the impact of
including BAT for ‘low-emission manure spreading’o(v Nitrogen Application, LNA)
ranges from 44 - 61 kton, depending on the scendhese figures are obtained by
deducting the emission reductions for each scemnatio and without LNA. The largest
impact of LNA is observed for the IPPC3 scenarexause of the large number of farms
under IPPC in this scenario. The range indicatad good accordance with the figures
presented by IIASA in their final report (around&0n for Scenario IPPC1).

2 Annex 4. Monteny, G.J., H.P Witzke and D.A. Oudzn@007. Impact assessment of a possible
modification of the IPPC Directive. Ammonia Servicentract 070501/2005/422822/MAR/C1, Task 4.
Animal Science Group, Alterra Report. Wageningen
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Following option 2, a revised threshold for poul{fgr various poultry species) can be
made using the information of Table 4.4 in the Anmeport to Task 4. Based upon
uniform N-excretion factors per animal species, ftleowing poultry thresholds would
hold:

- broilers: 40,000 (no change)

- laying hens: 30,000

- ducks: 24,000

- turkeys: 11,429

For laying hens, the threshold would be in betwienthreshold for the basic scenario
and Scenario IPPC1 (see table 4.4 in the Annexrtrépd ask 4). No information could
be gathered for the number of duck and turkey fakves estimate that around 900 extra
poultry farms would fall under the IPPC, bringidgettotal to 17,000 IPPC farms for all
animal species. Since the emission reduction fen&aso IPPC1 is 30 kton (Table 3.10
in the Annex report), as a result from lowered shidds for poultry and cattle, the
lowering of poultry thresholds only will result Bn emission reduction of less than 10
kton. The costs (compliance costs and investmestsgwill also be limited compared to
the costs for Scenario IPPC1 (see e.g. Table 8.fvei Annex report).

Economic assessments

It is evident that additional IPPC coverage wilhiewe improvements on NHemissions

at moderate cost whereas progress on leaching wwmailchinimal. Including LNA as
BAT on the IPPC farms clearly increase the effestass of Nglemissions abatement in
terms of total emission avoided and also in terfreffaciency (higher yield in abatement
per € of welfare loss). Again it has to be noteal h great part of the economic loss is
born by consumers. Price increases of 1% for medémulPPC3 may appear negligible
but they sum up to significant economic cost. b kmbe acknowledged that these price
increases are part of the uncertainties. Among rothBuences they hinge on the
unknown degree of consumer preferences for EU pediumeat which determine the
amount of pass through of additional cost in theediock sector. With greater
substitutability the economic losses would fall ;on agriculture than on consumers.

Deciding on the optimal level involves some comgams of inputs and outputs. A
welfare theoretic perspective suggests to comperedtio of avoided NElemissions to
the cost of NH emission abatement measures in terms of conventivalfare loss.
Under this criterion it is clearly recommendable pmmote the application of LNA
measures. The stronger extensions of IPPC covevidgeut LNA measures appears to
be less favourable, but the differences are guitalls Considering that there are many
uncertainties in a model based analysis like tiis it fair to state that all levels of
IPPC extension have similar yields in terms of amma@batement. The decision needs
to be made on other grounds therefore, for examplihe required total abatement while
minimizing interference with the private sector.

Uncertaintiesin economic modeling
There are a number of uncertainties surroundingqi@o@c modeling analyses. These
uncertainties can be categorized in 4 categorgefllows:
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1. Simplifications:

Profit maximising farmers seem to contradict obsdnnefficiency

Ignorance of heterogeneity of farmers, consumecstions (within NUTS2)

Limited choice space for farmers: no endogenousita@ogy choice,

Lack of detail in policy representation: IPPC tezhtas a certain percentage of
NUTS2 without local relevance

2. Data and parameters

Initial CAPRI nitrogen surplus in crop sector amdfeeding depends on statistical
data with gaps and errors

Different conceivable data sources (e.g. animakst@s. animal production)
Uncertain parameters: elasticities, emission fagtexpert coefficients (grass yields
and losses, average nutrient availability from mmandeaching fractions, crop
residues)

3. Future developments

Future of milk quotas (maintained in simulatiorfgjure WTO agreement
Boom in energy crops

Farm structure and penetration rates ammonia mesasur

Catching up in New MS, accession of more counfifésestern Balkan, Turkey?)
Future macro development (GDP, inflation, exchatages)

4. Implementation

Will the measures be sufficiently monitored if theg not in the farmers interest?
Will farmers counteract in unforeseen ways?
Will Member State implement the measures as plaondgU level?
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6. Stakeholder consultations, presentations and wkshops

6.1. Introduction

In the call for tender of the Ammonia Service Cantr the European Commission
emphasized the need for appropriate stakeholdesuttation, and for presenting the
results in relevant working groups, notably under tPPC Directive, Nitrates Directive,
and NEC Directive. Further, a number of presentation specialised working groups
were foreseen as well as regular meetings withegggutatives of the Commission. These
activities were indicated in Task 5. The aim o§ttask has been defined as:

“To consult stakeholders about relevant issuesefdontract and to present and discuss
results”.

This chapter provides a summary of the activiteesied out under this task.

6.2. Meetings with the European Commission

The kick-off meeting of Ammonia Service ContractS@) was held in Brussels on"26
January 2006. During this meeting the draft Inaep&Report of the ASC was discussed.
On the basis of this discussion, a revised IncapReport was submitted by the™2af
February 2006.

The first progress meeting of the ASC was held biviay 2007. During this meeting the
progress in each task was discussed. The taskespetially the scenario’s that needed
to be analysed were specified further.

The Interim Report was submitted on 21 Septemb8620he second progress meeting
of the ASC was held on 11 October 2006. During méting the draft Interim Report of
the ASC was discussed. Based on the discussiomggdhie second progress meeting, a
revised Interim Report was submitted by 27 Noven2€6.

The draft Final Report was submitted on 21 Jan@a@7.The third progress meeting of
the ASC was held on 14 February 2007. During thegting the draft Final Report of the
ASC was discussed. Based on the discussions diminthird progress meeting, a Final
Report was submitted by 21 March 2007. This Finapdtt was discussed during a
fourth meeting on 17 April 2007. A revised Finald®e was submitted by 31 May 2007.

Detailed minutes have been made of all meetingth(daft and after review, revised
minutes). In addition to these formal meetings, atous bilateral meetings have been
held to discuss specific organisational aspects spatific activities related to tasks,
notably in relation to the activities in task 4 (tre possible modification of the IPPC
Directive), but also in relation to tasks 1, 2 &d

In addition, various bilateral meetings have beatd hwith representatives of the
Commission.
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6.3. Presentations in working groups and workshops

Presentations about the content and progress @f3ehave been given for:

- the advisory Group of IPPC in Brussels (more thaced,

- the UNECE ExperGroup on Ammonia Abatement in Prague,

- the NEC working group in Brussels,

- the Nitrate Committee in Brussels

- Working Group on National Emission Ceilings & eglinstruments (NEC-PI)
- DEFRA in UK (Ammonia Research Co-ordination Mag)i

In addition, intermediate results of the resultstod ASC have been presented and
discussed at

- COST 729 meeting

- 12" Ramiran International Conference “Technology fecikling of Manure and

Organic Residues in a Whole-Farm Perspective” irhAs, 6-7 September 2006

- ECN-meeting about integrated N management in Amdatar 8 December 2006

- Seminar at Soil Science Institute Sophia, Bulg@taSeptember 2006.

- ESF-Conference about N in Environment and Ecolog¥bergurgle, Austria,

October 15-16, 2006

- Seminar University of Gottingen, Germany, 16 Octd@06

- Nitro-Europe Meeting in Wageningen on Septembe2,12006.

- First International Ammonia Conference, Ede, Nd#rets, March 2007

- FEFAC meeting

- EFMA meeting

- COPA meeting
Further, numerous bilateral discussions and caaisutis have been held with specialists
and representatives of the Member States of th® UEurostat, and national statistical
officies, so as to collect the necessary infornmatm the possible modification of the
IPPC Directive in task 4. Also, European Animal ¢@hieg Producers Association
(FEFAC) and various scientists of the Animal ScesGroup of Wageningen University
were consulted on the prospects of low-protein ahfieeding.

6.4. Project meetings
Various project meetings were held to discuss, ngeaand fine-tune the various
activities in the tasks of the ASC. Project teanetimgs were held:

- in Wageningen on 18 January, 2006

- in Wageningen, on 28 March, 20086, jointly with th&SA team

- in Bonn, on 6 April, 2006, jointly with the IASAeam

- in Wageningen, on 30 August, 2006

- In Bonn, on 8 December 2006

- In Wageningen, on 24-25 January 2007
Detailed minutes have been made of all meetingth(doaft and after review, revised
minutes). In addition, numerous bilateral meetiragg] discussion over the telephone and
via email were held.



7. Discussion and Conclusions

The work presented in this report provides a Btep towards an integrated approach for
assessing the effects of EU environmental poliares measures at EU-27 level, Member
State level and regional level (NUTS-2 and Nitrdténerable Zones). This report also
provides suggestions to improve the effectiveneskedficiencies of the environmental
policies and to arrive at more integrated policies.

The call for tender of the Ammonia Service Cont@3$C) mentioned that an integrated
approach was only partly taken into account dutimg preparation of the Thematic
Strategy on Air Pollution, partly because the RAIGBSINS model, that was used to
assess control scenarios that meet the environhwjectives of the Thematic Strategy
on Air Pollution, does not yet include estimateshs effect of NH emission abatement
measures on nitrate losses to the aquatic envinonAtso, the impact of measures taken
to reduce nitrate leaching to groundwater and sarfaaters on the emissions of jH
N-O and CH to the atmosphere have not been assessed. Thercihder of the ASC
mentioned further the need for integrated approadnem the perspectives of the
obligations set out by the Water Framework Direxj2000/60/EEC) to achieve a good
chemical and ecological status for all waters b§30These obligations may have as
implication the need to decrease nitrogen (N) ahdsphorus (P) inputs via fertilisers
and animal manure beyond the levels currently reduisuggesting the need for
assessing the effects of policies and measuresamNP emissions to the environment in
an integrated way.

The MITERRA-EUROPE model, developed in the cour$ethe ASC, is a simple
modelling tool that can be used to assess the imploneasures to decrease NH
emissions from agriculture on nitrate leaching tougdwater and surface waters, and on
the emissions of N&I N,O, NGO, and CH from agriculture to the atmosphere. TheNH
emissions abatement measures are similar to thabe IRAINS/GAINS model. Also the
emission factors and the level of implementationtled NH; emissions abatement
measures in the various countries are similardseahn the RAINS/GAINS model for the
reference year 2000 and for the various NEC scesiaRurther, MITERRA-EUROPE
allows assessing the effects of measures aimece@eaksing nitrate leaching and/or
decreasing the emissions oy NG, and CH from agriculture to the atmosphere, on
the emissions of Nifrom agriculture to the atmosphere. Finally, MITER EUROPE
includes P cycling and P balances, and allows #sessment of the effects of policies
and measures on N and P emissions to the envirdnimem integrated way. Despite
these achievements, there is a clear need for efurtbsting and improvement of
MITERRA-EUROPE, as indicated also in Chapter 2. THesults of the various
assessments and scenario analyses have been raddblathrough the website
www.scammonia.wur.nl

The results of the qualitative assessments sumethiizchapter 3 as well as the results
of the quantitative assessments made with MITERRREPE, as summarized in
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Chapter 2, indicate that implementation of singlé;l¢missions abatement technologies
of the UNECE Working Group on Ammonia Abatement (R& measures) are effective
in decreasing NElemissions, but when not combined with integratedndhagement
have the risk of antagonistic effects on N leachang NO and CH emissions. Hence,
greater emphasis should be paid to the non-techmalo measure “Nitrogen
management at whole-farm level” of the UNECE WogkiBroup, so as to nullify such
antagonistic effects. Clearly, there is need tosmer the NH emissions abatement
measures as packages; each package of measuresintiusie at least the non-
technological measure “Nitrogen management at wfasla level”, and must be
combined with one or more technological N¢inissions abatement measures.

Some nitrate leaching abatement measures of thaté§tDirective have the potential of
synergistic effects; they decrease N leaching bsmed tend to decrease also the
emissions of Nkl NO and NQ, in part because of the emphasis on balanced N
fertilization and the application limit of 170 kg pér ha from animal manure. The latter
limit forces livestock farms with a high livestodensity to lower the N excretion of the
livestock through for example low-protein animakding and increasing the animal
performance of the herd. However, there are alsasores taken within the framework
of the Nitrates Directive that may have antagoaisffects; those measures increase the
emissions of Nk N>O and CH. Examples include the prohibition of applicatiariraal
manure in winter and bufferstrips (less leaching, ligher NO emission). The Nitrates
Directive indirectly also contributes to the tendgrof increased zero-grazing of dairy
cattle; this tendency leads to increased emissibhBHs, N,O and CH, unless strict Nkl
emissions abatement technologies are implemented to

Clearly, this study indicates that there is a nieedurther integration of measures. There
is a need for joint implementation of the NEmMissions abatement measures as well-
integrated packages. There is also a need for ijoplementation of the measures of the
NH;3; emissions abatement technologies of the UNECE Wgrksroup on Ammonia
Abatement (RAINS measures) with those of the NHewr abatement measures of the
Nitrates Directive. There is also scope for expigrthe potential for further integration
of the NH; emissions abatement concerns into CAP, and phatiguthrough Rural
Development policy. When integrating agriculturaldaenvironmental policies, it is
important to emphasize again that the emissioneaf@it measures are implemented
jointly, as a well-integrated package so as toutimgent pollution swapping.

The dominant current instrument in EU environmergalicy is regulation, while a
mixture of regulations, economic incentives and spasive and communicative
instruments seem more effective and efficient (@&vap). Further, the current addressee
of the environmental policies in EU agriculture sslely the farmer, while it seems
attractive to involve suppliers, processing indystretailers, consumers and the
community at large too. Next, current governanc&lh environmental policy is solely
central governance, while there seems room for e@atgr participation of local
communities through interactive governance andg®iernance (e.g., environmental co-
operatives, food chain), so as to increase the Insaport of the policies. This is
visualized schematically in Figure 7.1.
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Figure 7.1 Envisaged partial changes in the govan®of environmental policies and
measures in agriculture, so as to increase the Ima@pport and facilitate the

implementation and robustness of the environmegrdhties in practice (after Joep van
den Broek, in prep.)

The results of the analysis of the National Progect2020 scenario (RAINS 2020)
indicate that the emissions of NMill have decreased by about 10% in 2020 reldive
the reference year 2000 (about 340 ktorgN a level of 3130 kton. This decrease will
be brought about mainly by decreases in animal murabd in N fertilizer use. Full and
strict implementation of the Nitrate Directive willecrease the emissions of NbBly
another 150 — 200 kton. Lowering the threshold eslior the number of pigs and poultry
on farms that fall under the regime of the IPPCeblive and including large dairy farms
and large farms with other cattle under the IPP@ agd another 30-110 kton Nkper
year, but at relatively high administrative costaplementation of the most promising
measures ‘low-protein animal feeding’ and ‘balandédertilization’ may contribute
another 150-300 kton NfHper year. Implementing an optimal combination dfisN
emission abatement measures and balanced N fatiblizwill lower the NH emissions
in 2020 to a level of 2375 kton per year, whichbedow the target of the Thematic
Strategy on Air Pollution. The objective of the Tietic Strategy on Air Pollution for
NH3; emission is to decrease the Nemission from agriculture in EU-25 to a level of
~2450 kton by 2020 (or ~2650 kton per year in EU-Bénce, the most promising
measures identified and assessed in this studygceatly contribute to achieving the
objective of the Thematic Strategy on Air Pollution

These projected decreases in J\Neinissions following the implementation of various
measures are not realized without costs. The adstise technological NElemissions
abatement measures are in the range of 1-10 eukypé¢Hs (in the optimal combination
scenario about 3 euro per kg iidee also Amann, et al., 2006b). The cost of ttrata
leaching abatement measures of the Nitrates Dieetie in the range of €1 to more than
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€20 per kg of N saved from dissipation to the emvwinent in Member States of the EU-
15, but the information about the economic costmeésures is rather scattered (Zwart et
al., 2006. The direct costs of low-protein anime@ding and balanced N fertilization for
farmers are low (Chapter 4), close to €1 per kgNofsaved from dissipation to the
environment. However, the indirect costs may beniS@ant. Firstly, there is a
continuous need for training and convincing farmab®ut emission control measures
and about improving N use efficiency (partly aleoough demonstration). Farmers also
need to receive the information and the tools foplementing the measures properly.
Secondly, there is need for control and verificatio practice of the implementation of
measures and for monitoring the effectiveness dinclemcy of the measures. Cost for
control may be high when the level of detail in gnescription of measures is high, as for
example in the case of the Nitrates Directive. dligir there is a need for long-term
investments in research and extension servicefyrtber explore and test options for
improving N use efficiency, and to provide sciaotiunderpinning for promising
measures (see also Mosier et al., 2004).

There are a few possible and/or likely trends iniety that may have a significant
influence on the projected decreases inzhhissions between 2000 and 2020. A few of
these trends are listed below. Note that none efdhtrends have been included
specifically in the assessments.

- The need for bio fuels increases rapidly and mayrdmte to intensification of
agricultural production (and hence increased N sions?) as well as to a lower
animal feed quality and hence increased N excréjolivestock.

- Farms rapidly increase in scale, because of theozom advantages. Specialized
(livestock) farms also tend to conglomerate furthbecause of economic
advantages for suppliers, processing industry atallers. This trend challenges
the robustness of the limit of 170 kg animal manNrger ha. How will this
affects the prospects for manure processing armsesuently, how will it affect
NH3; emissions?

- The possible abolishment of the milk quota systenmthe EU by 2015 will
probably contribute to increases in the number afydcattle regionally, and
thereby increase the environmental pressure reljjona

- The recent FAO study ‘Livestock’s Long Shadow’ (8teld et al., 2006) reports
that enlarged centres of livestock production emergar animal feed production
sites (Latin America, Midwest of US, Southeast Asand thereby increasingly
compete with ‘old production centres’ in for exampEU. This trend may
challenge the trends in livestock number of the NiE€narios, and hence in jH
emissions. Increased incidence of animal diseasgsailso have a great affect on
animal number.

- Itis as yet largely unclear how the managememspla the Natura 2000 areas
will contribute to changes in the (evolution) ofdstock numbers, and hence to
changes in the regional distributions of N¢inissions.
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Annex 5. Call for tender
Service contract: Integrated measures in agricultue to reduce ammonia
emissions. Reference no ENV.C.1/SER/2005/0035

l. Background information

The European Commission is planning to adopt by @085 a Thematic Strategy on air
pollution. The objective of this Strategy is to méee objectives of the Environmental action
plan, which have the aim of achieving levels of qiality that do not give rise to significant
negative impacts on and risks to human health hacehvironment. The Clean Air for Europe
program has produced the scientific basis for the trat&y
(http://www.europa.eu.int/comm/environment/air/cafgéx. htn). Various health and
environmental ambition levels for 2020 have beealiated and a global ambition level will be
proposed in the Strategy.

On the basis of the national reports and during greparation of the Strategy, it has been
demonstrated that ammonia emissions participatesteutrophication and acidification and to the
formation of secondary particulate matter in thena#gphere. The main source of ammonia
emission is agriculture (cattle farming for aboQf4 pig and poultry about 40%, and the use of
N-fertilisers about 20%). These ammonia emissiord immpacts have been quantified using the
RAINS/GAINS model developed by IIASA  http://www.iiasa.ac.at/web-
apps/tap/RAINS/GAINSWel/ The model allows identifying the most cost efifex packages of
measures to meet various environmental and healictives, such as the objectives of the
Strategy. Different abatement technologies andciatsal costs are included in the model. For
each country, assumptions on projections of thenrdeivers for the agricultural sector (such as
animal numbers, fertiliser use) and on the perietraite of the various agricultural practices and
technologies were made on the basis of bilatena$wtations with the countries and as a results
of a questionnaire sent to all Member Statetp(//www.iiasa.ac.at/RAINS/GAINS/reports/ir-04-
048.pdf). The data on abatement technologies used in RINRGAINS model are based
amongst others on the guidelines for ammonia alatemeveloped and updated by Working
Group on Ammonia Abatement of the UNECE ConventionLong Range Transboundary Air
Pollution (CLRTAP) http://www.unece.org/env/aa/welcome.fhtm

In a first approach, the following measures to oedammonia were identified in the Thematic
Strategy: (i) In the framework of the revision dfet emission ceilings under the National
Emission Ceiling directive (NEC) (2000/1258/EC) -ntegration of new objectives for
eutrophication, acidification and for particulatatter. As a consequence, new emission ceilings
for ammonia will be developed before end 2006 a#f a® new guidelines for the national
programs required under the directive. (ii) In tomtext of the general review of the Integrated
Prevention and Pollution Control (IPPC) directiggyossible extension of the directive to include
installations for intensive cattle rearing and agiole revision of the current thresholds for
installations for the intensive rearing of pigs gralltry.(iii) In the context of the current rural
development regulation and the Commission propdsalsural development for 2007-13, the
Commission encourages the Member States to makeidal of the measures related to farm
modernisation, meeting standards and agro-envirohrt® tackle ammonia emissions from
agricultural sources

In the evaluation of the measures aimed at reduamgonia emissions, the necessity and the
interest of an integrated approach to the nitrogyarie (N cycle) as a whole was highlighted, in
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order to address ammonia, but also nitrous oxig@®]Mnd nitrate emission. The importance and
relevance to consider the nitrogen cycle as a whotepolicy development was recently
highlighted notably through the Nanjing declaratiomn nitrogen management
(http://www.initrogen.org/nanjing_declaration.0.hyml Such an integrated approach shall also
cover methane emissions, which are intensivelyelihto the nitrogen cycle. Measures aiming at
reducing the emissions of one of those pollutantdccimply either a reduction, an increase or
have no effects on other pollutants.

During the preparation of the Strategy, the integtapproach was only partly taken into account
notably because the current version of the RAINSKEA model does not include estimates of
the effect of the different measures taken to redammonia emission on nitrate losses to the
aguatic environment. On the other hand, the imphoieasures taken to reduce nitrate emissions
to water on ammonia, /0 and methane emissions is not yet assessed. fEygdted approach to
N-cycle should be considered, taking also into antdhe obligations set out by the Water
Framework Directive (2000/60/EEC) to achieve a getadus for all water by 2015, which may
have as implication, the need to reduce nutrigptiti via fertilisers beyond the levels currently
required, notably in order to tackle phosphate maddlution and eutrophication.

Finally, in the framework of the revision of NECralktive, a new baseline scenario will be
developed by IIASA and submitted to bilateral cdtadions with the stakeholder. This new
baseline will include new energy and agriculturejgctions integrating the measures taken by the
Member States in order to meet the objectives efKloto protocol. The impact of the CAP
reform as assessed by a recent study of EEA weill bk integrated. The new baseline should be
finalised for end 2005.

Il Objectives

The objective of the contract is to have defineel thost appropriate integrated and consistent
actions to reduce various environmental impactdafilp water, air, climate change) from
agriculture.

Specifically, the objective is to have developed applied a m allowing to assess and quantify
the costs and the cost and the effects of varialisigs and measures aiming at reducing the
impact of agriculture on water air pollution anéhwte Both ancillary benefits and trade offs of
measures need to be identified. The impacts argibiéty of the most promising measures needs
to be analysed in depth.

[l Description of tasks

The tenderer shall provide in his offer a propdsala work plan and methodology for each
identified task and sub-task to achieve the objestiof the assignment. This work plan will be
discussed with the Commission within one monthhe signing of the contract at a kick-off

meeting. At that meeting the details of the workrmplwill be decided to be included in the
inception report with the final work plan. It issesitial in the offer to clearly state the sourckes o
information for each task and hence to avoid doubderk as compared to existing

contracts/reports/studies. The place of performamiticbe outside Commission premises (extra
Mmuros).

The EU 25 Member States are to be covered in #gjament and as far as possible Romania,
Bulgaria, Turkey and Croatia. For these 4 countties tenderer should describe in its offer the
limitations he expects to encounter and their iogtlons for the output of each task. If necessary,
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for specific sub-tasks to be specified in the gffemethodology could be proposed based on the
detailed analysis of case studies in certain repteive Member States or
geographical/agricultural zones to enable a gersmsdssment for all the countries. The tenderer
should justify in its offer the relevance and reggrtativeness of the possible case studies he
intends to propose.

As the Commission has used the RAINS/GAINS moda assis for the Strategy and will use
the same model in order to prepare the revieweNBEC ceilings, it is important to explain in the

offer how the contractor will use and build bridgeith the information, results and approaches
of the RAINS/GAINS model and the associated CAFEt@nd benefit analysis In addition, all

the calculations will be achieved for the same year those used in the RAINS/GAINS model.
The contractor will have to reserve some resouficeensure a good understanding and
compatibility with the RAINS/GAINS model, including necessary direct contacts with the

[IASA team.

Task 1: Develop an integrated approach

It is expected from the contractor to develop apsEmmethod to assess the impact on nitrate
measures/technologies aiming at reducing ammonisse@ms as integrated in the RAINS/GAINS
model. Similarly, the impact on ammonia,N and methane emissions of at least 3 level of
implementation of the nitrate directive will be assed This will require development of an
integrated model parameters and data for the assess

The following sub-tasks are suggested:

a). For each of the abatement technologies idedtifi the RAINS/GAINS and in the UNECE
WG guidelines for ammonia abatement estimatiotsafiplication in terms of nitrate emission;

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

c). Assuming 3 of implementation of the nitrateedtive (partial, full compliance, reinforced
actions, to address phosphate pollution and to theejood water status of the WFD by 201 for
each Member State, identification of the measuiesng at reducing nitrate emissions in the
waters and assessment of their implications in geah air emissions. The measures to be
considered should be those to be included in th®ra@rogramme according to the nitrate
directive and in particular the measures of annéxasd Ill. It is expected from the contractor to
define as far as possible the possible other spendasures and reinforced actions to be included
by the Member States in their programs for nitraténerable zones according to article 5
paragraph 5 of the nitrate directive;

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

The final output of this task will be report covegithe task and sub tasks as described above
accompanied with a documented calculation sheetvaly the Commission to make additional
simulations on the basis of both RAINS/GAINS newrsario and other measures which could be
taken under the nitrate directive

Task 2: Analysis of International and European instuments
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The contractor will analyse the existing European @nternational (under the CLRTAP and
climate change Conventions) instruments aimingealucing emissions of nitrous oxide and
methane, ammonia and nitrate in the waters. Thicems at least the code of good practises
(notably those developed under the Nitrate Directand under the CLRTAP Convention),
provisions under the two pillars of the CAP, actmans in the vulnerable zones under the nitrate
directive. In its offer, the tenderer should clgadentify the relevant instruments he intends to
analyse.

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

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

Task 3: In depth assessment of the most promisingeasures

Based on the results of task 1 and 2, and on o#ferant sources of information and expertise to
be detailed in the offer a list of the most promis{package of) measures will be identified and
proposed to the Commission for in depth analysis. dach measure a broad assessment of its
cost and impact will be achieved. In order to basidered as promising, the (package of)
measure should correspond to the following critgri@o-beneficial effects for water, air, climate
change and soil protection; ii) feasible notablynfran administrative and enforceability point of
view; iii) potentially acceptable by the farmerstadady for what concerns costs and additional
efforts ate farm level; iv) compatibility with theeed for improved animal welfare’.

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

Three (3) set of (package of) measures will becseteafter a dialogue with the Commission and
assessed in depth by the contractor. On the ba#ie gesults of the RAINS/GAINS model, the
output of task 1, and of the CAFE cost and berefilysis, the contractor will analyse for each
country the potential impact of the promising measwotably in terms of emission reduction,
costs and benefits, social impact, and additiodaiiaistrative burden. These assessments will be
achieved respecting the guidelines on impact asgggsas established by the Commission.

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

The final output of this task will be a technicaport covering the task and sub tasks
accompanied with an impact assessment for the Rtifigel set of measures and/or policies
respecting the guidelines on impact assessmerstaslished by the Commission.

Task 4: Impact Assessment of a possible modificaticof the IPPC directive:

One of the proposed measures of the Strategy imghessment of the extension of the IPPC
directive to intensive cattle rearing installatiomsd a possible revision of the thresholds for
intensive rearing installations of pigs and poulty the offer, a clear distinction should be
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introduced for cattle pig and poultry in way of linding the impact of the CAP reform as well as
the possible evolution of the farming structuréhie new Member States should be detailed in the
offer. The following sub-tasks are suggested:

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

a) Pig and poultry installations: (1) the numbeinstallations linked with the number of animals
with a clear distinction between those already oeddy IPPC and the others (2) a quantitative
estimation of the environmental impacts for eache-giategory of installation (3) level of
variation of environmental performance across thd @) estimation of the impacts of
implementing the IPPC Directive (reduction of thevieonmental impacts/estimation of the
economic and social impacts);

b) Cattle installations: (1) the number of instidias linked with the number of animals with a
clear distinction between those already covereddtional permitting legislation (which can be
based on the concept of BAT or can fix minimum dtads for the operation of such
installations) (2) a quantitative estimation of #mevironmental impacts for each size-category of
installation (3) a description of the current regiadn of this sector across the EU (4) level of
variation of environmental performance across tbe E

2. Definition and broad assessment of various apti®n the basis of existing legislation in the
Member States (and notably any thresholds set byldée States for the purposes of the ETA
Directive Annex Il which refers to intensive livesk installations), and on the basis of its own
expertise, the contractor will propose variousiséial options (at least 3 different options) to the
Commission for lowering the current thresholds (amtloducing a new threshold for cattle
installations).

After approval of the proposed options by the Cossion, the implications of various possible
thresholds for each of these activities will beeased for each country and for the EU as a whole.
This includes at least an assessment of: (1) thebau of installations which could be concerned
(additionally to those already covered by IPPC andéational legislation) (2) on the basis of
possible BAT (Best available techniques), emissamuctions at least of ammonia, methane and
N emissions as well as, on the basis of the resfiltask 1, the implications on nitrate emissions
(3) costs and benefits. Costs evaluation will idelun particular the up take of BAT and the
administrative burden (e.g. permits applicationstsofor authorities for issuing permits and
controlling the installations). All the scenaridsosld be compared to a do nothing scenario,
including in particular the application of the cemt Community framework (in particular the
nitrate directive, the water framework directivedasommon agricultural policy,.). On this basis,
the potential added value of a possible extensidheolPPC directive will be discussed.

In order to calculate the potential impact of thepéions, the contractor is supposed to define
broadly the possible BAT to be applied. This shdwdddone on the basis of the existing BREF on
intensive livestock, definition of BAT and companis with the technologies integrated in

RAINS/GAINS. For cattle installations, for whicheelBAT are not yet defined at EU level, the

contractor is expected to define the main elemehish could be integrated in possible BAT and
their associated costs, notably on the basis aftiegi national legislation and permitting rules

which will be summarised in the report. Particulacus should be set on feeding strategies,
housing techniques, storage of manure and spreaflimgnure.

Assessment of the impacts of lowering the curdergsholds: On the basis of the results o t e sub-
task 2, and after approval of the Commission, @awell of threshold will be chosen for each
activity and in depth assessed in respect of thgefjnes on impact assessment as established by
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the Commission. In. its offer, the tenderer is &tpe to include a first proposal of table of
contents of the impact assessment.

In addition to the impacts already analysed in &skcal disturbance (odour, noise) and diffuse
spreading of heavy metals and as well as sociadingill notably be assessed. The social impact
will need to take account of the economic statehef sector and the extent to which applying
JIPPC would affect the ability of farmers to kegpeoating, employment, etc. In order to reduce
the possible social impact, it is expected from tomtractor to identify possible European

accompanying measures.

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

Task 5: Stakeholder consultation, presentations, wkshop

In its offer, the tenderer will describe its metbtmtyy to ensure an appropriate stakeholder
(including NGO's, farmer organisation, Members &agxperts, etc) consultation. It is expected
from the contractor to present the results in wericelevant working groups notably under the
IPPC, nitrate and national emission ceiling dingti At least six presentations/meetings in
Brussels should be foreseen in these specialisekingogroups. In addition, at least 3 follow-up
meetings should be foreseen with the Commissioresgptatives. Depending on the proposals of
the contractor, ad-hoc workshops and/or expert ingetcould be organised in Commission
buildings.
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Annex 6. Overview of the scenarios analyzed in Tls 1, 3 and 4 of the Ammonia
Service Contract.

Task Scenarios Description

1 RAINS A 2000 National Projections baseline scendor the revision of the NEC
Directive, 2000 (Amann M. et al., 2006)

1 RAINS A 2010 National Projections baseline scendor the revision of the NEC
Directive, 2010 (Amann M. et al., 2006)

1 RAINS A 2020 National Projections baseline scendor the revision of the NEC
Directive, 2020 (Amann M. et al., 2006)

1 RAINS National Projections baseline scenario for the siewi of the NEC

optimized 2020 Directive, optimized to achieve the targets of Ffeematic Strategy in

2020 (Amann M. et al., 2006)

1 ND partial 2000 National Projections baseline nsc® for the revision of the NEC
Directive, 2000, including partial implementatiorf the measures in
Nitrate Vulnerable Zones (Annex 1)

1 ND partial 2010 National Projections baseline nse® for the revision of the NEC
Directive, 2010, including partial implementatiorf the measures in
Nitrate Vulnerable Zones (Annex 1)

1 ND full 2020 National Projections baseline scénmdior the revision of the NEC
Directive, 2020, including full (strict) implemeri@n of the measures in
extended areas of Nitrate Vulnerable Zones (Annex 1

1 WFD 2020 National Projections baseline scenano the revision of the NEC
Directive, 2020, including full (strict) implemeri@an of the measures in
extended areas of Nitrate Vulnerable Zones pluscistequilibrium P
fertilization on all agricultural land (Annex 1).

3 ND full 2020 National Projections baseline scenario for the siewi of the NEC
(Reference Directive, 2020, plus full implementation of the IBaching abatement
scenario) measures in extended areas of Nitrate Vulnerabteo

3 LNF 10%, all ND full 2020 (see above) plus low-protein animading that leads to a
farms, 2020 10% decrease in N excretion, applied to all farms.

3 LNF 10%, IPPC ND full 2020 (see above) plus low-protein animading that leads to a
farms, 2020 10% decrease in N excretion, applied to IPPC famhg

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

3 LNF 20%, IPPC ND full 2020 (see above) plus low-protein animading that leads to a
farms, 2020 20% decrease in N excretion, applied to IPPC famnhg

3 Balfert 2020 ND full 2020 (see above) plus stictplementation of balanced N

fertilization on all farms, irrespective of NVZs

3 Optimal Rains optimized 2020 (see Table 2.6) plus Balfea®

Combination, 2020

Thresholds values for animals in the four scenarigsurrent IPPC and SCE1, SCE2
and SCE3 analyzed in Task 4.

Animal species

Scenarios 2020

Current IPPC SCE1 SCE2 SCE3
Fattening pigs > 2000 > 2000 > 1750 > 1500
Sows > 750 > 750 > 675 > 600
Hens > 40000 > 27500 > 25000 > 20000
Broilers > 40000 > 37000 > 32000 > 27000
Dairy cows - > 450 > 400 > 350
Other cattle - > 1000 > 850 > 700

18¢



