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Abstract

Lesschen, J.P., J.W.H. van der Kolk, K.C. van Dijk & J. Willems (2013). Options for closing the phosphorus cycle in agriculture;
Assessment of options for Northwest Europe and the Netherlands. Wageningen, Statutory Research Tasks Unit for Nature and
the Environment. WOt-werkdocument 353. 47 p. 13 Fig.; 13 Tab.; 42 Ref.

This study assessed which options are available for closing the feed-manure phosphorus cycle in agriculture and their
contribution to the reduction of the P surplus and P use efficiency. This was assessed at a national scale for the Netherlands
as well as a regional scale for Northwest Europe. No export of animal products, with as a consequence the reduction in
livestock numbers, is most effective in reducing external P inputs. An effective option that is easier to implement is the
reduction in P excretion through changes in the feed intake. For Nortwest Europe the combination of all five options can lead
to a reduction of external P inputs of about 50%. For the Netherlands the combination of the options result in a reduction in
external P inputs of 35% and a reduction of the manure export of 26%. The effectiveness of large scale manure treatment in
the Netherlands is limited.
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Summary

In the Netherlands, an intensification of agricultural production has taken place since approximately
1950. This has led to a high production of manure and minerals in areas of the Netherlands where
livestock densities are high combined with high application levels of mineral fertiliser. This caused
environmental problems due to the emission of nutrients to the air and to surface and ground water
systems.

In the Netherlands, as one of the measures to reduce the nutrient surplus from manure and fertiliser,
the government decided to aim for feed-manure cycles that should be principally closed on a
regional, national or Northwest European level. The question is now how such a closed feed-manure
cycle can be best achieved. The feed-manure cycle includes the import of feed from outside the
Netherlands, but also the export of the food produced (meat, eggs and dairy products) to other
markets outside the Netherlands. Although, a small part of the manure is exported as well, most of
the manure which is produced in the Netherlands remains in the country and is used as a fertiliser or
is being processed.

The government is focussing on closing the feed-manure cycle for phosphorus (P), since P is a
scarce and finite resource in contrast to nitrogen (N) that can be produced artificially or through
biological N fixation. This leads to the question which options are available for closing the P cycle in
agriculture and what is their contribution to the reduction of the P surplus and P use efficiency. In this
study we assessed this issue at two spatial scales: at national scale for the Netherlands as well as
regional scale for Northwest Europe (NW Europe).

To assess the effectiveness of the different options, it is necessary to have insight in figures about
the number of livestock, import of feed, feed composition, etcetera. In addition, existing
environmental policies have to be taken into account. Therefore a reference situation for NW Europe
for 2004 and for the Netherlands the year 2009 is used. In this study the options were assessed by
the environmental impact assessment models MITERRA-Europe and MITERRA-NL. These models
calculate nutrient balances and N and greenhouse gas emissions from agriculture. The focus for this
study is on P. To assess which options are most effective in closing the feed-manure P cycle, we
defined three parameters: the crop P use efficiency, the animal P use efficiency and external P inputs
of the agricultural P-balance. Five options to reduce P losses in agriculture have been designed and
assessed for the NW Europe and seven options specific for the Netherlands.

At both spatial scales the option of no export of animal products (100% self-sufficiency), with as a
consequence the reduction in livestock numbers, is most effective in reducing external P inputs.
However, this option has significant economic impacts, with on average a reduction in livestock
numbers of 10% for NW Europe and at the national scale for the Netherlands even a reduction of
almost 40%. An effective option that is more easy to implement, probably without any cost or
productivity effects, is the reduction in P excretion through changes in the feed intake. This option
could reduce the soil P surplus in NW Europe by 23% and for the Netherlands reduce the import of
feed from outside the EU by 15% and the export of P manure 18%. At NW European scale the
reduction of mineral P fertiliser through balanced fertilisation is also an effective option, which can
reduce the soil P surplus by 26%. In the Netherlands this option is less effective due to the already
low P fertiliser inputs and the high inputs from manure.
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The effect of large scale manure treatment in the Netherlands on the closure of the feed-manure P
cycle is limited. Obligatory manure treatment is currently proposed as the alternative for the milk
quota and animal production rights for the poultry and pig sector. Due to the lowering of the P
application standard, no space is left for additional application of manure P within the Netherlands.
This means that most of the P in treated manure is exported. A combination of different options will
be most effective in reducing P losses from the feed-manure cycle. For NW Europe the combination
of all five options can lead to a reduction of external P inputs of about 50%. For the Netherlands the
combination of the six options, excluding the no export of animal products, will lead to a reduction in
external P inputs of 35% compared to the 2009 reference, and a reduction of the manure export and
treatment of 26%.

However, a fully closed feed-manure P cycle will difficult to obtain on both NW European as well as
national scale. For NW Europe the external input of mineral P fertilizer is most important, which
cannot be completely replaced by manure and other organic inputs as sewage sludge and compost.
In the Netherlands the import of feed from outside the EU is most important, whereas mineral P
fertilizer has only a limited contribution, which can be replaced by other P inputs. Reduction of the
imported feed quantity is possible, but a completely closed feed-manure P cycle is not possible
without a large reduction in animal numbers.
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Samenvatting

Vanaf 1950 heeft in Nederland een intensivering plaats gevonden van de landbouwproductie. Dit
heeft geleid tot een hoge productie van mest en mineralen in bepaalde gebieden in Nederland waar
de vee dichtheid hoog is. Hoge toediening van deze mest leidt tot emissie van nutriénten naar lucht
en grond- en oppervlaktewater.

De Nederlandse regering heeft besloten om te streven naar een gesloten voer-mestkringloop, als één
van de maatregelen om het nutriéntenoverschot te verminderen. Deze kringloop zou gesloten
moeten worden op zowel regionaal, nationaal als Noordwest-Europees niveau. De vraag is hoe deze
kringloop op de verschillende schaalniveaus het best kan worden gesloten. De voer-mestkringloop
omvat de invoer van grondstoffen van voer van buiten Nederland, maar ook de export van het
geproduceerde voedsel (vlees, eieren en zuivel) naar markten buiten Nederland. Het grootste deel
van de geproduceerde mest wordt in Nederland gebruikt als meststof of wordt verwerkt, slechts een
klein deel van de mest wordt geéxporteerd.

De overheid richt zich bij het sluiten van de voer-mestkringloop op fosfor (P), omdat P een schaarse
en eindige hulpbron is in tegenstelling tot stikstof (N) dat kunstmatig of via biologische N-binding kan
worden geproduceerd. Dit leidt tot de vraag welke opties er zijn om de P-cyclus in de landbouw te
sluiten op verschillende schaalniveaus. In deze studie hebben we ons gericht op het sluiten van de P-
kringloop op twee schaalniveaus: nationaal en Noordwest-Europees.

Om de effectiviteit van de verschillende opties te beoordelen, is het noodzakelijk om inzicht te
hebben in cijffers over onder andere de omvang van de veestapel, invoer van diervoeders en
voersamenstelling. Bovendien moet rekening worden gehouden met bestaand beleid. Als referentie
situatie is voor Noordwest-Europa het jaar 2004 gebruikt en voor Nederland 2009. In deze studie zijn
de verschillende opties doorgerekend met de simulatie modellen MITERRA-Europe en MITERRA-NL.
Deze modellen berekenen de nutriéntenbalansen en de emissie van broeikasgassen door de
landbouw. Om te beoordelen welke opties het meest effectief zijn voor het sluiten van de voer-mest-
kringloop van P, zijn drie parameters gedefinieerd: de P-gebruiksefficiéntie van het gewas, de P-
gebruiksefficiéntie van het dier en de externe aanvoer van P. Vijf opties zijn gedefinieerd om de P-
verliezen op Noordwest-Europese schaal te beperken en zeven opties specifiek voor Nederland.

Voor beide ruimtelijke schalen is de optie ‘geen export van dierlike producten’ (100%
zelfvoorziening), waardoor de veestapel moet krimpen, het meest effectief om de externe aanvoer
van P te beperken. Echter, uitvoeren van deze optie heeft tot gevolg dat de veestapel in Noordwest-
Europa met gemiddeld 10% daalt en in Nederland zelfs met bijna 40%. Dit heeft belangrijke
economische gevolgen. Een andere optie die eenvoudiger te implementeren is, en waarschijnlijk
zonder enige kosten of vermindering van de productie gepaard gaat, is de vermindering van P-
excretie door verandering van de voersamenstelling. Deze optie zou het P-bodemoverschot in
Noordwest-Europa verminderen met 23% en in Nederland zou dit leiden tot een vermindering van
invoer van grondstoffen voor veevoer van buiten de EU met 15% en de export van mest met 18%. Op
Noordwest-Europese schaal is de vermindering van minerale kunstmest via een meer evenwichtige
bemesting ook een effectieve optie, waardoor het P-bodemoverschot met 26% kan verminderen. In
Nederland is deze optie minder effectief doordat in Nederland al relatief weinig P-kunstmest wordt
toegediend.
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Het effect van grootschalige mestverwerking in Nederland op het sluiten van de P-cyclus lijkt beperkt.
Verplichte mestverwerking wordt momenteel door de regering voorgesteld als maatregel om het
afschaffen van het melkquotum en de productierechten voor dieren voor de pluimvee- en
varkenssector te compenseren. Door verlaging van de P gebruiksnorm is geen ruimte voor meer
toepassing van mest binnen Nederland. Dit betekent dat de meeste P van verwerkte mest moet
worden uitgevoerd. Een combinatie van verschillende opties lijkt op basis van de modelberekeningen
het effectiefst voor het verminderen van P-verliezen in de voer-mestkringloop. Voor Noordwest-
Europa kan een combinatie van alle vijf opties leiden tot een vermindering van externe P-invoer met
ongeveer 50%. Voor Nederland leidt combinatie van alle maatregelen — uitgezonderd geen uitvoer
van dierlijke producten — tot een vermindering van de P-invoer met 35% ten opzichte van het
referentie jaar 2009, en een vermindering van de uitvoer van mest en mestverwerking met 26%.

Echter, een volledig gesloten voer-mestkringloop voor P zal moeilijk te bewerkstelligen zijn op zowel
Noordwest-Europese als Nederlandse schaal. Voor Noordwest-Europa is de aanvoer van minerale
fosfor bepalend, aangezien deze niet volledig kan worden vervangen door mest en andere
organische materialen zoals zuiveringsslib en compost. In Nederland levert de invoer van
grondstoffen voor veevoer van buiten Europa de belangrijkste bijdrage aan het P-overschot, terwijl
minerale kunstmest slechts een beperkte bijdrage levert, omdat deze kan worden vervangen door
andere P-houdende stoffen. Vermindering van de ingevoerde hoeveelheid voer is mogelijk, maar een
volledig gesloten voer-mestkringloop op basis van P is alleen mogelijk als er een forse krimp in de
veestapel zal plaatsvinden.
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1 Introduction

1.1 Background

In the Netherlands, an intensification of animal production has taken place since approximately 1950.
This development has led to a high production of manure in areas of the Netherlands where the
intensity of farms are high, especially in the southeastern provinces with mainly sandy soils. This
surplus of manure production causes environmental problems due to the emission of nutrients as
nitrogen (N) and phosphate (P,05) to the air and to surface and groundwater systems.

In the past, policies and regulations to govern the management and utilization of manure were
enacted. Historically the implementation of manure management policies and other legislations of the
EU (e.g. the Nitrates Directive) have led to an improvement of the groundwater quality and reduced
nitrogen emissions to the air (i.e. ammonia and nitrous oxide). However, the rate of improvement has
declining over time.

As one of the measure to reduce the manure problem, the Dutch government decided that the ‘feed-
manure cycle’ should be closed on a regional, national or Northwest European scale. This goal brings
along the question how such a closed feed-manure cycle can best be achieved. The feed-manure
cycle includes the feed import from outside the Netherlands, but also a large part of the food
produced (meat, eggs and dairy products) are exported to other markets outside the Netherlands.
Although a small part of the manure is exported as well (e.g. incinerated poultry manure), the
majority of the manure which is produced in the Netherlands remains in the country. This trade
means that the feed-manure cycle is not closed on a national scale. Since a significant part of the
feed is imported from outside Europe, the cycle is not closed on a European scale either. In regions
in other countries in Northwest Europe there are also large concentration of livestock with
consequent manure surplus. At the same time there are other areas with a need for nutrients and
thus manure. This imbalance bring along the question whether feed-manure cycles can be closed at a
Northwest European scale.

Phosphorus (P) is essential for all life and is a key ingredient in fertilisers to sustain high crop yields.
Phosphorus has no substitute in food production, and therefore securing sufficient P for agriculture is
critical for future food security. However, since the green revolution the main source of phosphorus
is mined as phosphate rock. These primary sources are in principle non-renewable at a human time
scale and will become increasingly scarce and expensive (Cordell et a/, 2011). Above all, Europe
has only little own minable reserves in Finland making the continent dependent on imports from a few
countries such as Morocco (De Ridder et a/,, 2012). Improved use efficiency in agriculture (and other
key stages of the food chain), could significantly reduce the global demand for P (Cordell et al,
2009). In policy making there is also a strong focus on P since it is a key trigger nutrient in
eutrophication of surface waters and seas. Schroder ef a/. (2011) showed that the amounts of P
applied in agriculture could be considerably smaller by optimizing land use, improvement of fertiliser
recommendations and application techniques, modified livestock diets, and adjustment of livestock
densities to available land.

The main two research questions in this study were: (1) which options are available for closing the
phosphorus cycle in agriculture and (2) what is their contribution to the reduction of the phosphorus
surplus. In this study we assessed this issue at two spatial scales: at the national scale for the
Netherlands as well as regional scale for Northwest Europe (NW Europe), which comprises the
following countries: United Kingdom, Ireland, Netherlands, Belgium, Luxembourg, France, Germany
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and Denmark. To assess the effectiveness of the different options, it is necessary to get a clear
quantitative picture about the import of feed, the composition of the feed materials, the number of
cows, pigs and poultry, etc.. In addition, existing and future policies regarding manure and nutrient
management have to be taken into account.

1.2 Objectives

The main purpose of this study was to explore which options can be useful to close the phosphorus
cycle in agriculture. We distinguished two different spatial scales of closing the cycle: the
Netherlands and Northwest Europe.

The following underlying objectives have been defined:

e To calculate the P balance and flows and identify where main losses occur for the reference
situation. For the Netherlands we used the year 2009, while for NW Europe 2004 was used,
since feed data were only available for that year.

e To define options that can be taken to reduce P losses and close the P cycle at the different
scales.

e To assess the impact of the options on the P balance, the P use efficiency and the amount of
external P inputs into the agricultural system.

The impact of the selected options were assessed by using the environmental impact assessment
models MITERRA-Europe and MITERRA-NL. Both models calculate nutrient balances for N and P, and
N and greenhouse gas emissions from agriculture. In this study we focussed on phosphorus, since
phosphorus is an essential, scarce and finite resource that has no global atmospheric cycle. This is
in contrast to nitrogen since that element is available in the atmosphere and can be fixed by humans
using the energy intensive Haber-Bosch process, or by plants, algae and cyanobacteria that have the
ability of biological N fixation. In addition, in policy making there is also a strong focus on P.
Nevertheless, the models assess the effects on nitrogen as well, but those results are not included in
this report.

In Chapter 2 the models MITERRA-Europe and MITERRA-NL are described. Chapter 3 describes the
five options which are defined for NW Europe and gives the results. In Chapter 4 seven options for
the Netherlands are described including the model results. Conclusions are given in Chapter 5.
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2 Model description

2.1 MITERRA-Europe

MITERRA-Europe is an environmental impact assessment model, which calculates nutrient balances
and nitrogen and greenhouse gases (GHG) emissions on a deterministic and annual basis using
emission and leaching factors (Velthof et al, 2009; Lesschen et a/., 2011a). MITERRA-Europe is
partly based on the models CAPRI (Britz and Witzke, 2008) and GAINS (Klimont and Brink, 2004),
supplemented with an N leaching module, a soil carbon module and a mitigation module for GHG and
ammonia (NH;) emissions and nitrate (NO5) leaching measures. The database of MITERRA-EUROPE is
on the national and regional level (NUTS 2, according Nomenclature of Territorial Units for Statistics
in the EU) and includes data of nutrient inputs and outputs, livestock numbers, land use, crop types,
soil type, and emission factors for NHs;, N,O, and NOy, and leaching factors for NO,.

Crop areas were derived from CAPRI at NUTS 2 level, which are mainly based on Eurostat data, and
crop yields from FAOSTAT at national level as EUROSTAT data was incomplete. Grassland yields and
N contents of grassland were estimated using the methodology of Velthof et a/ (2009), because
grassland yields are not available from statistics. The number of livestock in each year was derived
from GAINS at national level, and distributed over the NUTS 2 regions according to CAPRI data. Data
on annual N and P fertiliser consumption and primary animal production were collected from
FAOSTAT. N excretion of livestock was obtained from the GAINS model (Klimont and Brink, 2004)
and P excretion was calculated via the N-P ratio per livestock category, based on OECD data and
Sheldrick et al. (2003).

The total manure production was calculated at the NUTS 2 level from the number of animals and the
N and P excretion rates per animal and then corrected for N losses in housings and storage. A
method was developed to distribute the manure over crops taking account of the maximum manure
application of 170 kg N/ha or higher in case of a derogation. Mineral N and P fertiliser was
distributed over crops relative to their N and P demand, taking into account the amount of applied
manure and grazing manure and their respective fertiliser equivalents (Velthof ef a/., 2009). Further
nitrogen inputs include biological N fixation, which is estimated as a function of land use and crop
type (legumes) and nitrogen deposition that is derived at NUTS 2 level from EMEP (EMEP, 2010). For
this study we also included the input of nutrients from compost and sewage sludge, based on Barth
et al. (2008) and Milieu Ltd et a/ (2009) respectively. However, due to lack of data at the sub-
national level only an average application per hectare per country was used. See Figure 1 for a
schematic overview of all P flows in the model.

Feed consumption per animal type was also derived from the CAPRI model. The assigned feed
properties, i.e. dry matter, N and P content, are described in Lesschen et a/. (2011a). We assumed
the nutrient content of each feed type to be equal among all EU countries. Only for grass country
specific N content data was available based on Velthof ef a/. (2009). In the feed calculation we made
a distinction between feed that is produced within the EU and feed that is imported from outside the
EU. For this last category we assumed that it comprises all soybean, cassava and imported
molasses and 25% of the other protein rich feed and 25% of the corn gluten feed.
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Figure 1. Phosphorus flows in MITERRA for the soil P balance (note that P leaching is not included in
MITERRA)

2.2 MITERRA-NL

We used the MITERRA-NL model to assess the options for closing the P cycle in agriculture for the
Netherlands. This model is based on MITERRA-Europe, but uses data and emission factors that have
been made more specific for the Netherlands. Also the spatial resolution is much more detailed,
instead of the province level (n =12) as in MITERRA-Europe the MITERRA-NL version calculates at
postal code level (n = 4004). MITERRA-NL simulates the N and P balance, emissions of NH;, N,0,
NOy, and CH,, leaching and runoff of N, NO; concentration in groundwater and changes in soil and
biomass carbon stocks at a postal code level.

MITERRA-NL was parameterised with emission factors and data sets of the Netherlands, including
crop and livestock statistics, N and P excretion values for livestock, yields, and N and P contents of
crops. Leaching was calculated using NO; leaching fractions (Fraters et al, 2007; Schroder et al.,
2007), and NH; and N,0O emissions using emission factors used in the Netherlands for reporting to
the NEC and UNFCCC (Velthof and Mosquera, 2011; Velthof et a/,, 2012). A further description of
MITERRA-NL can be found in Lesschen et a/. (2011b) and Van der Hilst ef a/. (2012).

Input data

The main input data of the model are crop areas and livestock numbers, which were derived from the
Geographical Information system Agrarian Businesses database (GIAB) and the ‘Basis registratie
percelen’ (BRP) on postal code level. The GIAB data on animal numbers for 35 livestock categories is
from 2009, whereas the crop areas (38 crop types, including 3 types of grassland) from BRP are
from 2007. Crop yields are based on the Dutch Central Bureau of Statistics (CBS) ‘oogstramingen’
from 2009, which are available for the main arable crops at province level and for other crops at
national level. The yield of grassland is based on Aarts ef a/. (2008) and Zwart et a/. (2010). Nitrogen
contents of crops are based on Van Dijk & Schroder (2007) and phosphorus contents on Ehlert et a/.
(2009).

The total manure production is calculated by multiplying the number of animals with the N and P
excretion rates, which were derived from the working group on uniforming manure production data
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(WUM, 2009). The following manure types are distinguished: liquid cattle manure, solid cattle
manure, liquid pig manure, poultry manure, and manure from other animals. Besides the main
manure types also several manure products are distinguished that are formed after manure
treatment such as mineral concentrates, see Lesschen ef a/ (2011b).

The distribution and application procedure for manure and mineral fertiliser in MITERRANL is based

on the Dutch manure policy, which includes three application standards:

e Animal manure: maximum of 170 kg N per ha based on the Nitrates Directive, except for farms
that are granted a derogation by the European Commission. In that case the maximum for
grassland and fodder maize is 250 kg N per ha from grazing animals.

o Total nitrogen standard: maximum amount of mineral and organic nitrogen, which depends on
the combination of crop and soil type. The standard is based on effective nitrogen
(werkingscoefficiént), which is 100% for mineral fertiliser and 35% -65% for manure, depending
on manure and animal type

e Phosphate standard: maximum amount of mineral and organic phosphate, based on land use
(grassland or cropland) and the phosphorus status of the soil (see Figure 2 for a map).
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Figure 2. Median value of the phosphorus (P) status of at postal code level for cropland (Pw value, right)
and grassland (PAl value, left), based on BLGG soil analysis from the period 1996-2000 for grassiland and
2000-2004 for cropland (Rejjneveld et al., 2010)

The available space for the application of manure and mineral fertiliser is calculated at the province
level, taking into account the area under derogation (based on 2009 data) and the different crop and
soil types. The standard for total nitrogen is normally not completely filled with animal manure, as this
is from an agronomic point of view not appropriate for several crops. Therefore a manure
acceptance factor was set for each crop type, defined as percentage of the maximum animal
manure application standard (100% for grassland and fodder maize, 80% for wheat, sugar beet and
potato, 50% for vegetables, 30% for barley and 25% for other crops.
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The manure production is calculated and distributed at province level, taking into account three
application standards. In case of a manure surplus, the remaining manure is distributed in provinces
where there is still space for manure application. Remaining manure nutrient surpluses are then
assumed to be exported or used outside agriculture, see Lesschen et a/. (2011b) for further details.

For this study we included new feed intake data in MITERRA-NL. The data have been derived from the
CBS, which distinguishes 41 feed types for which the intake per animal and the nutrient content is
provided. These data are also used for the calculation of the livestock excretions, and consequently
the total manure production. However, for the concentrate feed no further specification of the feed
ingredients is provided. Based on data of the Dutch Feed Industry Association (NEVEDI) for the
composition of concentrate feed, a distinction is made between imported and locally produced feed.
Based on these data we assumed that 73.3% of all concentrate feed is derived from imported feed
ingredients. Unfortunately no data is available to further specify this to the different animal
categories.
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3 Assessment for Northwest Europe

3.1 Description of reference situation

For this study we defined Northwest Europe as the area comprised by the following countries: United
Kingdom, Ireland, Netherlands, Belgium, Luxembourg, France, Germany and Denmark. These
countries comprise a large part of the total livestock production in the EU-27 since they cover 53%
of the total livestock expressed in livestock units. The total utilized agricultural area (UAA) in these
eight countries is about 73 million ha, which is 39% of the total UAA in the EU-27.

The livestock densities are highest in the Netherlands and Belgium, but also Denmark and some
regions in Germany and France have high livestock densities (Figure 3). Cattle production, both dairy
and beef, is most intensive in the Netherlands and Belgium, and also in some regions of Germany,
France and Ireland. Intensive pig farming is more dispersed with the highest densities in Denmark,
Germany, the Netherlands and Belgium. Large scale intensive poultry farming mainly occurs in
Belgium, the Netherlands and the Bretagne region of France. The total number of livestock per
country in 2004 is shown in Table 1.

Livestock density (LSU/ha) ‘ﬁ
[ os-10 N,
B 020
B z0-50
- > 5.0

Figure 3. Livestock densities per NUTS 2 region in Northwest Europe
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Table 1. National livestock numbers (x 1000) per animal type for the NW European countries in 2004

Country Dairy cows  Other cattle Pigs Poultry  Other livestock
Belgium 563 2344 7266 39728 205
Germany 4235 9315 25218 108890 2688
Denmark 558 942 13079 18146 2679
France 3965 15503 15885 258076 10791
Ireland 1122 5090 1695 16057 6515
Luxembourg 43 156 87 73 9
Netherlands 1450 2332 12107 103646 2699
United Kingdom 2071 8307 4847 175620 34189

Figure 4 shows the soil P balance for each of the eight countries from NW Europe, as calculated by
MITERRA-Europe for the year 2004. Belgium and the Netherlands had on average a much higher
input of P to the soil compared to the other countries. Applied manure was the largest source,
followed by grazing manure and mineral fertiliser. Deposition, compost and sewage sludge are in all
countries only a minor source of phosphorus. The P surplus, defined as the difference between the P
inputs and the crop uptake, was also highest in Belgium and the Netherlands (about 25 kg P/ha).

60 . . . - ]
Crop uptake ®Sludge ™ Compost M Deposition B Grazing ™ Applied manure ™ Mineral fertilizer

50

Dt

Figure 4. Soil P balance per country for the 2004 reference situation

Soil P balance (kg P/ha UAA)

3.2 Options for reducing P losses

We selected the following P losses reduction options for Northwest Europe:

1. Reduction of mineral fertiliser use: for this option we assumed balanced fertilisation, i.e. the
amount of mineral fertiliser is based on the nutrient demand by the crops, corrected for the input
via manure.

2. Reduction of P excretion: in this option part of the feed intake will be replaced by feed which
contains less P.

3. Maximum recycling of human organic waste (i.e. green waste, biowaste and sludge), which is
used as fertiliser in agriculture.
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4. No export of animal products outside NW Europe: in this option NW Europe is self-supporting
with regard to meat, dairy products and eggs. No changes in diet are foreseen in this option, but
the animal population has to be reduced.

5. Replacement of soybean feed ingredients and inorganic feed phosphate by meat and bone meal.

3.2.1 Reduction mineral fertiliser use to balanced fertilisation

Introduction

Phosphorus use efficiency in crop production can still be increased in Northwest Europe, as farmers
still often apply more nutrients in fertiliser and manure than actually needed by the crop. Schroder ef
al. (2011) discuss several measures that can be used to improve the P use efficiency in agriculture.
Several of these measures are related to decreasing mineral fertiliser use, e.g. improving fertiliser
recommendations, fertiliser placement methods and adjusting inputs to outputs. We have combined
these measures in one option of balanced fertilisation that can be assessed by the MITERRA-Europe
model.

Parameterisation

By using the MITERRA-Europe model we calculated the nutrient demand per crop on the basis of
balanced fertilisation. This procedure is described in detail for N in Velthof ef a/. (2009). In the case
of P we assumed no overfertilisation, i.e. only the amount of P that is removed by the harvested crop
product is replaced by fertiliser. First the amount of manure is distributed, after which the remaining
demand for mineral fertiliser P is calculated. We calculated the final reduction of mineral fertiliser use
by comparing this 'balanced fertilisation’ demand to the amount of mineral fertiliser in the reference
situation of 2004.

Results

Balanced fertilisation would lead to a decrease in mineral P fertiliser use for NW Europe from 614
kton P to 488 kton P, which is a reduction of 20%. For the entire EU-27 the reduction would be even
42% from 1491 kton P to 868 kton P. The reduction is lower for NW Europe, since these countries
have a relatively lower P fertiliser use compared to the crop uptake due to the high input of animal
manure. In addition in southern Europe the P fertiliser application is relatively high since the calcium
rich soils fix phosphorus and make it unavailable for crop uptake. For some NW European countries
(e.g. Denmark and Germany) the soil P balance is already (nearly) closed at country level, and
therefore the balanced P fertilisation might even lead to an increase in mineral P fertiliser. In theory
the mineral P fertiliser use could be even further reduced when all P in manure from grazing animals
and manure application would be distributed according to the demand. This would lead to a reduction
in mineral P fertilizer of 50% (305 kton P) for NW Europe.

3.2.2 Reduction of P excretion

Introduction

This option aims to reduce the P excretion through changes in the feed intake. The ability of
livestock, especially non-ruminants, to absorb phosphorus from feed is limited. To avoid animal
production losses from possible P deficiencies, livestock farmers select feed types with high P
concentrations or add inorganic feed phosphates to feed baskets (Schroder et a/., 2011).

Knowlton et a/. (2004) reviewed a range of options available to reduce the P content of manure of
monogastric and ruminant species. These options include more accurate interpretation of published
P requirements, more precise diet formulation, and utilization of exogenous phytase or low-phytic
acid grains in monogastric diets. Also improved grouping strategies to decrease variation within
groups of animals, and reduced feed wastage will reduce the P content of manure. The authors
conclude that overall the strategies may decrease the P content of manure by 40 to 60% in swine
and poultry and by 25 to 40% in ruminants. Currently, there is no incentive for livestock farmers to
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decrease P excretion, since there is not (yet) an accounting system based on P content, and costs
savings are negligible.

Parameterisation

According to Van Krimpen ef a/. (2010) the technical potential to reduce P excretion without negative
effects on productivity is estimated at 20% for the Netherlands. It is not certain whether this also
applies to other NW European countries, but we assumed that feed concentrate production is similar
in other livestock intensive countries in NW Europe. A reduction of P in feed concentrates should be
possible without great extensive effort in technical improvements. The production process of feed
concentrates can remain the same, only P content of the feed ingredients should be taken into
account and less or no feed phosphate should be added. We assumed that P excretion for pigs and
poultry is reduced by 20%, and for cattle by 10%, since the share of concentrates in their feed
basket is much smaller, and reducing P content of grass and other fodder is more difficult to obtain.

The total use of inorganic feed phosphates (IFP) in the EU is estimated at 1.4 million tonnes in 2005,
which is 0.25 Mton expressed in P (CEFIC/IFP, 2009). The use of IFP per livestock category differs
per country. The CEFIC-IFP report provides some data, but no complete overview for the individual
EU Member States is available. Therefore the total amount of IFP was distributed over the countries
and animal types based on the ratio of concentrate feed use, which includes the protein rich feed
energy rich feed and other feed. For the option reduced P excretion we assumed that the intake of
IFP is reduced by 50%, whereas the remaining reduction of the P excretion is due to a reduction of
the P content in feed concentrates, which is further split in imported and local feed according to a
ratio of 50%.

Results

The total feed P intake for NW Europe was about 1,330 kton P in 2005, of which 132 kton P is
coming from IFP. The CEFIC IFP (2009) report estimated the total feed P intake at 2,250 kton P for
the EU, of which roughages comprise 40%, home grown cereals 7%, purchased feed materials 12%,
compound feed 30% and inorganic feed phosphate 11%. These values are well in line with the results
from the MITERRA-Europe model. For the option of reduced P excretion in NW Europe the total P
excretion decreases from 954 kton P to 838 kton P (12%).

3.2.3 Maximum recycling of human organic wastes

Introduction

Improved recycling and use of human organic wastes can reduce the demand for mineral P fertiliser
and increase the nutrient use efficiency of the total food system. Organic waste can be divided in
three types, i.e. sewage sludge, greenwaste and biowaste.

Sewage sludge has valuable agronomic properties in agriculture and may be used provided that the
Member State concerned regulates its use. Currently sewage sludge is not allowed in all countries as
fertiliser (e.g. the Netherlands), because of environmental and health risks from heavy metals and
pathogens. The European Union regulates the use of sewage sludge in agriculture to prevent harmful
effects on soil, vegetation, animals and humans. In Council Directive 86/278/EEC provided maximum
values of concentrations of heavy metals and bans the spreading of sewage sludge when the
concentration of certain substances in the soil exceeds these values. Sludge must be treated before
being used in agriculture but the Member States may authorise the use of untreated sludge if it is
injected or worked into the soil. Besides direct use of sewage sludge, which in some countries is not
allowed, P can also be recovered from waste water and sewage sludge to produce mineral P
fertilisers. There are already several initiatives to recover P from wastewater and sewage sludge.
Potential processes include struvite and dicalciumphosphate production from wastewater treatment
plants (see e.g. Le Corre et al, 2009) and P recovery from ashes after incineration of (composted)
sewage sludge (‘thermal route’). However, most of these P recovery processes are still at pilot scale
and cannot provide significant amounts of P fertiliser in the near future compared to present use.
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The total annual arising of biodegradable solid waste (BSW) in the EU is estimated at 77-102 million
ton food and garden waste included in mixed municipal solid waste and up to 37 million ton from the
food and drink industry. There are two major streams, green waste from parks, gardens etc. and
kitchen waste. Waste management options for BSW include, collection (separately or with mixed
waste), anaerobic digestion and composting, incineration, and landfilling (European Commission,
2008). Composting is the biodegredation of organic matter through a self-heating, solid phase,
aerobic process. This converts organic matter into a stable humic substance. Compost additions to
soil have the potential to i) improve soil physical conditions increasing resistance to erosion,
improving soil workability and water infiltration and water holding properties, ii) improve soil fertility,
iii) increase soil biodiversity and iv) sequester carbon in the soil (Barth et a/., 2008). Standards on the
use and quality of compost exist in most Member States, but differ substantially, partly due to
differences in soil management policies. While there is no comprehensive EU legislation, certain rules
regulate specific aspects of BSW treatment, biogas production and compost use (e.g. the Organic
Farming Regulation and eco-labels for soil improvers).

Parameterisation

For sewage sludge we have based our data on a European study by Milieu Ltd ef a/ (2009) that
collected data on the total amount of sewage sludge produced and the amount used in agriculture
(Figure b). Presently, in most countries only a small fraction or no sewage sludge is currently used in
agriculture. The general trend is a decrease in this use in favour of more incineration. However, in a
few large countries, e.g. Spain, France and United Kingdom, still a large fraction of sewage sludge is
used directly or indirectly in agriculture. The P content of the sewage sludge was derived at country
level from Milieu Ltd ef a/ (2009). For countries with no data available we assumed the average of
the available data (33 g P/kg DM). The definition of agricultural use is unclear and broad, since
sewage sludge can be applied to crops, fodder, tree nurseries, forestry etc. For this reason we
assumed that 80% of the produced sewage sludge could potentially be used for agriculture and
replace mineral fertiliser.
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Figure 5. Sewage sludge production and current use in agriculture expressed in P for the EU-27 Member
States in 2004 (based on Milieu Ltd et al., 2009)

The compost data were derived from Barth ef a/ (2008) to specify the current amount of organic
waste that is collected, the amount of compost used and the total potential amount of organic waste
material for recycling (Figure 6). Based on the average of Dutch and Belgian data on compost
composition (Table 2 and Table 3) the average P content of biowaste compost was set at 1.67 kg P/
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ton compost fresh matter (FM), whereas for green waste compost it is 0.98 kg P/ton compost (FM).
For this option of maximum recycling of organic waste streams, we assumed that 70% of the
potential amount of organic waste would be available for composting taking quality of the organic
waste streams into account.

25000

M Potential organic waste M Organic waste collected Compost used

20000

15000

10000

P in compost and organic waste (ton P)

5000 i

Figure 6. Total quantities of P in produced compost, collected organic waste and the potential amount of
organic waste that can be collected for the EU-27 Member States in the year 2004

Table 2. Properties of average compost based on green and bio waste in the Netherlands in kg per ton FM
(Van Dijk & Van Geel, 2010)

Dry matter Organic matter N total PO, K,0
Biowaste compost 650 190 8.5 3.7 6.4
Champost 350 220 5.8 3.6 8.7
Green compost 598 186 5.1 2.2 4.2

Table 3. Properties of average compost and based on green and bio waste in Belgium (VLACO, 2009),
content expressed in dry matter

Dry matter Organic carbon N total P,0, K,0
Biowaste compost 590 200 124 6.69 5.7
Green compost 700 260 6.75 3.28 9.9

Barth ef a/ (2008) also analysed data on compost market sectors from 12 EU-countries for which
information was available. Those countries represent approximately 80% of the EU compost
production. The average distribution of the market share shows that currently about 50% of the
compost with increasing tendency is used in agriculture. However, there is considerable variation
among countries. In Belgium only 20% of the compost produced is used in agriculture, most is used
in public green and pottery soil. In the Netherlands on average 55% of the produced compost is used
in agriculture and horticulture (Werkgroep Afvalregistratie, 2009). For the current situation we
assumed that 50% of the amount of compost produced is used in agriculture. For the option of
maximum recycling of organic waste we assumed that the potential use of compost in agriculture
increases to 70% of the total potential compost production.
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Results

The total amount of P in sewage sludge that is currently used in agriculture is estimated at 73 kton P
for NW Europe. This is 42% of the total sludge production in these countries. If the use of sewage
sludge in agriculture would be increased to 80% of the total production, the total input would be 139
kton P, which would save 65 kton P as mineral fertiliser.

The total amount of P in compost that is currently used in agriculture is estimated at 5.6 kton P for
NW Europe. Compared to the total input of P via mineral fertiliser and manure, this contribution is still
very minor. If recycling of organic waste would be maximised, i.e. 70% of all organic waste will be
composted, and the use of compost in agriculture would increase to 70%, the total input would be
26.5 kton P, which would save an additional 21 kton P as mineral fertiliser. Thus the potential
reduction in P fertiliser use through maximum recycling of organic waste streams (sewage sludge
and compost) would be 86 kton P, which is a reduction of 14% compared to the mineral fertiliser use
in 2004.

3.2.4 No export of animal products outside NW Europe

Introduction

One of the main options to close the feed manure cycle is to match livestock production with the
demand for livestock products in a certain region. In NW Europe there is intensive livestock
production and for most livestock products the production is higher than the consumption, which
means that part of the livestock sector is producing for export markets. In this option the number of
animals is reduced to the level that would be needed to feed the entire human population of the eight
NW European countries and consequently no longer produce animal products for export.

Parameterisation

Based on the FAO food balance sheets the consumption of livestock products in the eight NW
European countries has been calculated based on average 2003-2005 data. These values have been
compared with the production of livestock products (Table 4). For all livestock products, except for
mutton and goat meat, the eight NW European countries produce more than is needed for own
consumption. There is especially overproduction of pork and milk in NW Europe. Based on this
overproduction the required reduction in livestock numbers was calculated to match the consumption
of livestock products in NW Europe.

Table 4. Animal product production, consumption, overproduction and reduction in livestock numbers for
the option of self- sufficiency in NW Europe in 2004

Animal product Production Consumption Overproduction Reduction livestock humbers

kton kton % %
Beef 4808 4645 35 3.4
Pork 11799 9587 23.1 18.7
Poultry meat 5798 5219 11.1 10.0
Mutton and goat 580 698 16.9 0.0
Milk 92779 62394 26.6° 21.0
Eggs 3256 3007 8.3 7.6

" The overproduction for milk is less compared to the consumption, since additional to the human consumption
10910 kton milk is used for animal feeding

The relative reductions in livestock numbers were equally spread over the eight NW European
countries. Based on these reductions, the MITERRA-Europe model was run, with reduced number of
animals, feed intake and livestock products. All other parameters, e.g. land use, remained the same,
which is an oversimplification, as in reality land used for fodder production might be converted to
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other crops. For the reduction in animal feed consumption we assumed that the proportional
decrease is stronger for imported feed and inorganic feed phosphate, since local feed production will
remain. For both categories we assumed a decrease of 50% compared to the 2004 reference.

Results

As a result of the reduction in animal numbers the total P excretion is reduced by 10%, which leads
to a decrease of the annual soil P surplus of 93 kton P. Since feed P intake is also reduced, the use
of IFP and imported feed from outside the EU can be halved to respectively 68 kton P and 66 kton P.
Whether these reductions can be realised in practice is uncertain and depends very much on the
willingness of feed companies and farmers to change the composition of feed concentrates towards
more locally produced feed ingredients.

3.2.5 Replacement of soybean and feed phosphate by meat and bone
meal

Introduction

There are a number of waste streams from agriculture and by-products from food production that
could recycle significant quantities of phosphorus. One of them is animal meat and bone meal of
which especially bone meal has high phosphorus concentrations. Public health problems (e.g. BSE)
and the actions needed to tackle them have made this process less efficient in recent years.
Although some meat and bone meal is incinerated and the ashes are used either as fertiliser, directly
as a form of soil improver, or in phosphorus production, much of the phosphorus is simply wasted.

After the outbreak of the Creutzfeld-Jacob disease as a result of eating infected beef, the EU
imposed more stringent regulations to stop this health risk. They included a ban on meat and bone
meal (MBM) in feed for ruminants, which was later extended to a ban on feeding processed animal
based proteins to all farmed animals. Before the Bovine Spongiform Encephalopathy (BSE) affair 10%
of the feed originated from MBM. Nowadays most MBM is combusted for energy purposes. Meat and
bone meal was also a high quality protein component for feed, and has been largely replaced by
soybean cake. Due to BSE regulation about 16 Mton of MBM feed in the EU was replaced by an
equivalent of 23 Mton soybeans, which has led to a large increase in soybean area in Brazil was one
of the drivers for deforestation (Elferink et a/., 2007). According to Rodehutscord et a/. (2002) the
ban on meat and bone meal has led to an increase of inorganic feed phosphate of about 50 kton P in
the EU-15, which is mainly derived from mining of rock phosphate.

It may be possible to refine the legal framework governing the uses of such material if other safe
uses are identified. The European Commission is currently discussing options to amend EU
legislation to allow the feeding of processed animal protein derived from non-ruminants (other than
fish) to non-ruminants of a different species. This would imply that meat and bone meal from pigs
could be fed to poultry and vice versa. For this option we therefore assessed the potential amount of
soybean meal and inorganic feed phosphate that can be saved if MBM would be allowed in the pig
and poultry sectors.

Parameterisation

Rodehutscord et a/. (2002) estimated the production of meat and bone meal at 3000 kton and 1500
kton of animal fats for the EU-15 in 1999. The average fraction of MBM in animal industrial feed was
2.9%. For the EU-15 the potential amount of MBM was calculated, for poultry this would be 1115
kton and for pigs 851 kton (Rodehutscord ef a/., 2002). Based on the carcass ratio the amount of
animal waste products was calculated by MITERRA-Europe. The total amount of animal waste and by-
products in NW Europe is estimated at 3000 kton for pigs and 1675 kton for poultry. We assumed
that about a third of this amount can be used for the production of meat and bone meal, based on
the MBM production in the EU-15 before 2000 (Rodehutscord ef al, 2002). The remaining part is
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used for industrial purposes or not suitable for MBM. This results in a potential amount of about
1000 kton MBM from pigs and 550 kton from poultry for NW Europe.

Based on Miller & De Boer (1988) the average maximum amount of MBM in the animal diet was set
at 5% for poultry and 4% for pigs (Table 5). However, according to Rodehutscord et a/. (2002) the
maximum values are lower, about 2.5% for both animal types. For ruminants the proposed update of
EU legislation does not allow consumption of meat and bone meal. The total feed intake by pigs in
NW Europe is about 43.1 Mton and for poultry 17.2 Mton (in dry matter). For pigs the amount of 550
kton MBM could be used in the feed, since this is about 1.3% of the total feed intake. For poultry the
amount of 1000 kton MBM is 5.8% of the feed intake, which is too high. Using a maximum of 5% of
the feed intake the potential amount of MBM would be 860 kton.

Rodehutscord ef a/. (2002) assumed a ratio of animal meal : bone meal of 0.34:0.66, this is based
on the general feed practice in Germany. Based on this ratio and the data in Table 6, the average N
content of MBM was set at 80 g/kg and the P content at 50 g/kg. The N content of soybean cake is
about 72 g/kg, which means that 1 ton MBM can replace 1.11 ton soybean meal. Since the P
content of MBM is much higher compared to soybean cake (P content of 7 g/kg), the additional
amount of P from MBM can replace inorganic feed phosphates.

Table 5. Indicative maximum rates of animal by-products in animal diets (% of inclusion) of the rendering
inaustry for different animal types and life stages, based on data of trade experience (Miller & De Boer,
1988)

Diet Meat and bone meal Feather meal Blood meal Poultry by-product meal
Poultry

Chick 25-5 2 2 2-25
Grower 5 2 2 2-5
Layer 6 2 2 2-5
Breeder 5 2 2 0
Broiler starter 3-6 1 1 2-25
Turkey starter 3 2 2 0
Turkey grower 5 2 2 5
Turkey finisher 5 2 2 5
Duck starter 5 2 2 2
Duck finisher 5 2 2 4-5
Pig

Weaner 20 kg 0-5 0 0 0
Grower 20-50 kg 25-5 0-1 0 0-25
Finisher >50 kg 4-5 0-2 2.5 0-25
Sows 4-5 0-2 2.5 0-25
Ruminant

Calf 0 0 0 0
Dairy 25-5 25-5 2.5 25-5
Beef 5 25-5 2.5 25-5
Sheep, goat 5 25-5 2.5 0-5
Fish

Salmon, trout 15 5 2 15
Carp 18 5 2 18-20
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Table 6. Properties of meat and bone meal (MBM) for dry matter (DM), N and P content in g/kg

Type of meat and bone meal DM N P Reference
Defatted meat and bone meal 930 88 52 Sellier (2003)
Meat and bone meal 950 86 48 Sellier (2003)
Cattle 957 95 27 Karakas et al. (2001)
Cattle 959 85 45 Karakas et al. (2001)
Cattle 961 75 64 Karakas et al. (2001)
Pigs 978 107 29 Karakas ef al (2001)
Pigs 984 94 50 Karakas ef al (2001)
Pigs 983 71 80 Karakas et al. (2001)
Meat and bone meal 84 44 Garcia and Rosentrater (2008)
Meat and bone meal 81 51 Garcia and Rosentrater (2008)
Meat and bone meal 32 Garcia and Rosentrater (2008)
Meat and bone meal 970 79 56 Jeng et al (2006)
Meat and bone meal 978 92 47 Jeng et al. (2006)
Animal Meal 950 87 31 Rodehutscord et a/. (2002)
Bone Meal 940 65 61 Rodehutscord et a/. (2002)
Results

Based on the parameterisation described above, the potential amount of MBM for animal feed for
both pigs and poultry is 1410 kton (FM). This could reduce the total soybean cake consumption by
1570 kton, which is about 11 kton P (assuming a P content of 7 g/kg). Since the P content of MBM
is higher compared to soybean also the amount of P from inorganic feed phosphates can be
reduced. Based on the available data the average P content of meat and bone meal was set at 50 g
P/kg. The amount of 1410 kton MBM contains 70.5 kton P, thus IFP can be reduced by 59.5 kton
(70.5 minus 11 kton P).

3.3 Summary and discussion of results for Northwest Europe

In this chapter we summarised the results of the five options for reducing P losses from the P cycle
in agriculture. Table 7 shows the soil P balance, the soil P surplus and the crop P use efficiency for
the different options. The crop P use efficiency is defined as the crop uptake divided by the inputs (P
from mineral fertiliser, applied manure, grazing manure, deposition, compost and sewage sludge).
The results show that the overall P use efficiency ranges between 71% and 77% for the different
options. Reducing mineral fertiliser use decreased the soil P surplus most, followed by reduced P
excretion. Recycling of organic waste and replacement of soybean and IFP by meat and bone meal
have no effect on the soil P surplus.

Table 8 shows the animal P balance and the animal P use efficiency for the different options. The
animal P use efficiency is defined as the final animal product divided by the inputs (local feed,
imported feed and inorganic feed phosphate). The results show that the overall P use efficiency is
rather low with 17-18%. However, a large part of the P output is manure, which is internally recycled
within the system, thus at farm level the P use efficiency is much higher. The option of reduced P
excretion increases the animal P efficiency most, while the reduction of mineral fertiliser use and the
use of organic waste have no effect on the animal P balance.
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Table 7. Summary of resulting agricultural P inputs and soil P balances (in kton P) in NW Europe for the
2004 reference situation and the five options

Reference Reduced Reduced P Use of No export of animal Replacement

2004 mineral excretion organic products outside of soybean

fertiliser use waste NW Europe and IFP by

MBM

Mineral fertiliser 614 488 614 528 614 614

Applied manure 631 631 546 631 556 631

Grazing manure 334 334 309 334 316 334

Deposition 18 18 18 18 18 18

Compost 6 6 6 26 6 6

Sludge 73 73 73 139 73 73

Crop uptake 1191 1191 1191 1191 1191 1191

Soil P surplus 485 359 375 485 392 485
Crop P use

efficiency (%) 71% 77% 76% 71% 75% 71%

Table 8. Summary of resulting animal P balance (in kton P) for the livestock sector in NW Europe for the
2004 reference situation and the five options

Reference Reduced Reduced P Use of No export of animal Replacement

2004 mineral excretion organic products outside of soybean

fertiliser use waste NW Europe and IFP by

MBM

Local feed 1059 1059 1059 1059 982 1070

Imported feed 135 135 110 135 68 124
Inorganic feed

phosphate 132 132 66 132 66 73

Animal products 231 231 231 231 195 231

Animal waste 20 20 20 20 18 20

Excretion 954 954 838 954 856 954
Animal P use

efficiency (%) 17.4% 17.4% 18.7% 17.4% 17.5% 18.2%

In principal all five options that were assessed can be combined, although for some options there
can be some double counting, e.g. reduced P excretion will lower the potential for reduced mineral
fertiliser use. We did not calculate the combined effect of all options together, but the summation of
the reductions in P input of the different options and the resulting soil P balance are shown in Table
9. This shows that the soil P surplus could theoretically decrease from 954 kton P to 154 kton P.

Although the soil P balance and the animal P balance provide useful information, they do not provide
directly a clear picture on the total P cycle in agriculture. A closed P cycle in agriculture should
theoretically not require external inputs such as mineral P fertiliser and inorganic feed phosphate that
are presently based on mineral P mined as phosphate rock. In contrast to nitrogen, the P losses
could be very small, since there are no gaseous emissions and P leaching only occurs in P saturated
soils with high precipitation or groundwater level. Figure 7 shows the external P inputs, which consist
of mineral fertiliser, imported feed from outside the EU and inorganic feed phosphate, for the 2004
reference and the different options. The total external P in NW Europe was 882 kton P in 2004.
Reduced mineral fertiliser use and no export of animal products outside NW Europe have the largest
reduction in external P inputs. When all options are combined the external P input to agriculture in NW
Europe could be reduced by 50%. This replacement potential is relatively low since the options
assessed are in most cases close to maximum achievable targets.
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Table 9. Reduction in soil P balance inputs and outouts (negative numbers are increases), and the overall
soil P balance (in kton P) for all options implemented together.

Reduced ReduceP Use of No export of Replacement of Sum of

mineral excretion organic  animal products soybean and IFP combined

fertiliser waste outside NW by MBM options

use Europe

Mineral fertiliser 126 0 86 0 0 402
Applied manure 0 85 0 75 0 471
Grazing 0 25 0 19 0 291
Deposition 0 0 0 0 0 18
Compost 0 0 21 0 0 26
Sludge 0 0 -65 0 0 139
Crop uptake 0 0 0 0 0 1191
Soil P surplus 126 110 0 93 0 156

1000 —
= Inorganic feed phosphate  mImported feed B Mineral fertilizer

External P inputs (kton P)

Reference Reduced Reduce P Use of  No export of Replacement Combined
2004 mineral excretion organic animal of soybean  options
fertilizer use waste products  and IFP by
outside NW MBM
Europe

Figure 7. External P inputs to the agricultural system of NW Europe for the different options
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4 Assessment for the Netherlands

4.1 Description of reference situation

Agriculture in the Netherlands is very intensive with high livestock densities and high crop and
livestock productivities. On average the Netherlands has one of highest livestock densities in the
world, with large numbers of dairy cattle, pigs and poultry (Table 10). Livestock densities are highest
in Noord-Brabant and the Gelderse Vallei, where many high-intensive pig and poultry are located
(Figure 8). The large concentration of livestock lead to high inputs of nutrients to grassland and
arable land. As a consequence crop and grassland yields are very high, but also losses to the
environment are high. Eutrophication of groundwater and surface water with nitrates and phosphates
and nitrogen emissions to the air (mainly ammonia and nitrous oxide) have led to strict environmental
legislation to prevent further pollution. In Lesschen ef a/. (2011b) the nitrogen emissions have been
further quantified for 2009.

Table 10. Livestock numbers (x 1000) in the Netherlands per province (based on 2009 data)

Province Dairy cattle*  Beef cattle Beef calves Pigs Poultry Other animals
Groningen 166 11 19 111 5392 61
Friesland 486 19 38 56 8785 153
Drenthe 175 18 29 164 6437 54
Overijssel 446 53 137 966 10460 111
Flevoland 51 2 10 41 2284 18
Gelderland 431 75 405 1313 18620 314
Utrecht 147 16 42 187 1944 60
Noord-Holland 140 17 2 12 1061 114
Zuid-Holland 166 20 6 88 698 112
Zeeland 33 15 3 48 1819 58
Noord-Brabant 404 67 189 3175 27296 652
Limburg 92 31 21 991 16446 205
Total 2738 344 901 7153 101241 1912

* Incl. young cattle

Since this report is about phosphorus, we have described the reference situation for 2009 in more
detail. The total P excretion by livestock was 76.3 kton P, of which most was coming from dairy
cattle (46%), followed by pigs (26%) and poultry (17%), see Figure 9. From this amount 10.2 kton P
was directly excreted on the field during grazing. About 22.5 kton P was exported or treated and
removed from the Dutch agriculture. The remaining 42.6 kton P was applied on arable land and
grassland. The total P input from mineral fertilizer was very low in 2009, with only 4.4 million kg P. In
the period 2000-2008 the average P input was about 20 million kg. One of the reasons for the low
mineral P fertilizer use was the high price during 2008-2009, but also the more strict manure policy
in the Netherlands resulted in a decrease over the last decade.
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Figure 9. Total feed intake and excretion of phosphorus for different animal categories
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In Figure 10 also the spatial distribution of these P inputs from manure, grazing and mineral fertilizer
are shown. Mineral fertilizer input is nowadays mainly used on arable land, which is clearly shown in
the Figure with highest inputs in Flevoland and Zeeland. Manure application is highest in the northern
provinces, as there the P status of the soil is on average lower (see Figure 2) and therefore more
space for manure application is available. P crop uptake is highest on grassland, which is clearly
shown in Figure 11, with the highest P uptake in Friesland and the ‘veenweide’ regions. The net soil P
surplus is on average in the range of 2-5 kg P, with highest surpluses in regions where arable crops
dominate (Veenkolonién, Flevoland, Noord-Holland and Zeeland). However, these surpluses are
calculated by the model, based on the available statistics and the maximum application amounts
from the manure legislation. This might differ from reality, where application limits are sometimes
breached, especially in regions with high manure surpluses.
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Figure 10. Distribution of P input from manure application (left), grazing (middle) and mineral fertilizer
(right)
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Figure 11. Distribution of the P crop uptake (left) and the soil P surplus (right) in the Netherland's
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4.2 Options for reducing P losses

For the Netherlands the following options were included:

1. Reduction of P excretion: lower input of manure due to reduced feed P intake.

2. Maximum replacement of mineral fertiliser by P in waste streams: organic residues can be used
as compost instead of fertiliser.

3. Reduction of manure and fertiliser application using balanced fertilisation: on basis of the amount

of P which is harvested with the crop, we calculated the actual P amount needed.

Replacement of soymeal and inorganic feed phosphates by meat and bone meal.

Production of feed from biorefinery of grass; in the Netherlands there is a surplus of grass. After

refining the grass, the protein component can be used in feed concentrates.

6. Self-sufficiency for animal products at national scale; in this option the number of animals is
reduced to the level that would be needed to feed the entire Dutch human population.
Consequently this means no export and a reduction of the animal number.

7. Large scale manure treatment; as a result of large scale manure treatment, based on separation
of the solid and liquid fraction, more manure can be applied in the Netherland and manure export
will be reduced.

o~

4.2.1 Reduction of P excretion

Introduction

Over the last years the use of mineral P fertiliser has decreased drastically in the Netherlands from
33 million kg P in 1990 to 4.4 million kg P in 2009. However, the year 2009 was rather exceptional
due to very high fertiliser prices and in 2010 the consumption has increased again. Still the three
year average of 2008 - 2010 is much lower with 10.0 million kg P. however, the 2009 value was
used as a reference for the mineral P fertiliser use. As the input of mineral P fertiliser is already low,
a further reduction of the P input to the soil should come from a lower application from manure linked
to feed P input. A possibility would be to reduce the feed P intake, which consequently results in a
lower P excretion and a lower absolute input to the soil. A further reduction of manure P application
can be realised by increasing the availability of P for the animal. This enhancement can increase the
uptake of P by the animal during digestion directing P towards the animal products or slaughter
wastes.

The technical cost-effective potential for reducing P excretion is estimated at 20% (Van Krimpen et
al., 2010). However, there is no incentive yet for farmers to do this, since there is not an accounting
system based on P content, and costs savings are small, because intensive pig and poultry farms
have to export nearly all manure from their farms. According to Kortstee et a/ (2011) such a
reduction should be possible using different feeding measures without increasing costs. Possible
measures are changes in the feed composition (e.g. less soybean), reduced use of inorganic feed
phosphate (IFP) and increased use of phytase, which increases the P availability in feed. However,
livestock farmers and veterinarians are concerned that feedstock reduced in phosphate may
negatively affect animal welfare. Phosphate requirements of animals depend on the animal species,
it's physiological status, and the availability of the P forms in the feed. Also conditional requirements
such as the duration of the growth phase effects P requirements.

Parameterisation

For this option we simulated the effect of a lower P excretion according to Lesschen et a/. (2011b).
In that study scenarios for large scale manure treatment were assessed, including several scenarios
with reduced N and P excretion, i.e. 10% lower N excretion and 20% lower P excretion. For this
option the lower excretion rates are assumed for cattle and pigs using data from the reference year
2009. We assumed three pathways to reduce P excretion. Firstly the P intake of IFP was reduced,
which accounts for 30% of the reduction in P excretion. Secondly the composition of concentrate
feed is changed, which accounts for 50% of the reduction in P excretion. In this case we assumed
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less soybean materials in the concentrate feed, which consequently reduced the import of soybean.
Finally, 20% of the reduction in P excretion is due to a lower P content in the roughage intake (e.g.
through lower P fertilisation).

Results

The lower excretion rates result in a reduction of 13% of the soil P input from grazing and manure
application and a reduction of 18% of P in exported manure. The reduction in exported pig manure is
larger, since more manure can be applied within the limits of the different fertilisation standards.
Nevertheless, a large part of the export consists of poultry manure, for which no reduction in P
excretion is assumed. In a recent study De Buck ef al/ (2012) also calculated the effect of a
reduction in P excretion through feed concentrates with lower P content for the year 2008. Using
feed concentrates 10% lower in P for dairy cattle and intensive livestock resulted in a decrease of
the national P surplus of 2 and 5 kton P respectively. This is in line with our calculations showing a
reduction of the P surplus by 7 kton P. Additionally the export of manure can be lowered by 4 kton P.

4.2.2 Maximum replacement of mineral fertiliser by waste streams

Introduction

For the Netherlands this option has only limited potential since the use of mineral P fertiliser has
decreased drastically over the last years. In 2009 the phosphate use was only 4.4 million kg P,
which is not expected to reduce much more on the short term, as crops with a short growing period
and a high daily phosphate demand will — especially at a lower soil P status — benefit from fertilisation
with mineral P fertilisers. Also some specialised crops in the horticulture sector need mineral
fertiliser instead of manure. Still we made an assessment of the potential amount of organic residues
that could be used as compost.

Parameterisation and results

According to Milieu Ltd ef a/ (2009) about 2.45 million ton of biowaste and green waste can
potential be collected for composting in the Netherlands. In 2005 already 1.66 million ton is
separately collected and used for composting. Using the nutrient contents of Van Dijk & Van Geel
(2010), see Table 11, this represent a total amount of 2.06 kton P. In the Netherlands on average
55% of the produced compost is used in agriculture and horticulture (Werkgroep Afvalregistratie,
2009). Assuming a similar ratio between biowaste and green compost, the potential additional
amount of compost that could be used in agriculture would be 0.8 million ton, which is about 1.0
kton P.

Table 11. Properties of compost in kg per ton fresh matter based on Van Djjk & Van Geel (2010)

DM oM N total P,0, K,0
Biowaste compost 650 190 8.5 3.7 6.4
Champost 350 220 5.8 3.6 8.7
Green compost 598 186 5.1 2.2 4.2

Sewage sludge contains many nutrients and is in some countries a significant source of nutrient
input. However, the use of sewage sludge on agricultural land is not allowed in the Netherlands,
because of environmental (e.g. heavy metals) and sanitary (e.g. antibiotics and organic micro
pollutants) reasons. The estimated amount of sewage sludge produced in the Netherlands is 550
kton dry matter, based on Milieu Ltd. ef a/. (2009). This represents an amount of 18.1 kton of P. This
is in line with the amounts estimated by Smit ef a/. (2010).

Although direct use is not allowed since 1995, P can also be recovered from sewage sludge to
produce mineral P fertilisers. Several initiatives are currently carried out to recover phosphate. These
processes include struvite and dicalciumphosphate production from wastewater treatment plants and
phosphate recovery from ashes after incineration of composted sewage sludge. These initiatives are
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not yet applied at large scale, but in the ‘chain agreement’ that was signed in 2011, there is the
intention to build several large scale installations that can recycle the P from sewage sludge.
However, on the shorter time scale (2015) we assume that only 10% of the P in sewage sludge can
be recovered and replace mineral fertiliser, this would be 1.8 kton of P. The sum of the additional
amount of compost and the recovered P from sewage sludge could reduce the P fertiliser use by 2.8
kton of P.

4.2.3 Reduce manure and fertiliser application using balanced
fertilisation

Introduction

Phosphate is and has been accumulating in the soils in the Netherlands due to high inputs of manure
and to lesser extent mineral fertiliser (Figure 12). The balance between input of P to the solil, the
uptake by agricultural crops and the losses by leaching needs to be improved. Most soils in the
Netherlands have already a high phosphate status (see Figure 2), which means that over fertilisation
is not required and even under fertilisation can be applied in soils with a high P status (soil P mining).
For this options we calculated therefore the amount of required P fertiliser using the principle of
balanced fertilisation.
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Figure 12. Average phosphate surplus in Dutch agriculture from 1880-2010 (Ehlert, unpublished)

Parameterisation and results

MITERRANL calculates the P demand, based on crop yields and the P content of the crop, which is
derived from Ehlert et a/ (2009). According to calculations with MITERRA-NL (see Lesschen et al,
2011b), based on the fertilisation standards of 2009, there would be space for 79.6 kton of P on the
agricultural soils in the Netherlands. However, using the expected future application standards for
2015, which are more strict, only 62.7 kton of P can be applied. However, the current P crop uptake
is lower and estimated at 56.9 kton of P. Thus using a strict balanced fertilisation approach would
allow a maximum input of 56.9 kton P by mineral fertiliser, manure and other organic inputs. For the
reference situation in 2009 the total input is 58.3 kton P, thus still a reduction of 1.4 kton is needed.
The total mineral P fertiliser use is 4.4 kton P, thus by reducing this input the criteria of balanced
fertilisation would be complied. Nevertheless, a further reduction could be possible since a large part
of the agricultural soils are saturated with P due to large surpluses over the last decennia. However,
since mineral fertiliser use has been decreased over the last years, a further reduction should come
from a reduction in the amount of manure P. The question is then what to do with the manure
surplus: more export, less animals or manure treatment? The current policy proposals chose for
more manure treatment and export of the treated manure P.
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4.2.4 Replace soymeal and feed phosphate by meat and bone meal

Introduction

After the outbreak of the Creutzfeld-Jacob disease as a result of eating infected beef, the EU
imposed more stringent regulations to stop this health risk. This included a ban on meat and bone
meal (MBM) in feed for ruminants, which was later extended to a ban on feeding processed animal
based proteins to all farmed animals. After the ban on MBM the use of soybean cake, wheat and
maize considerably increased. Also the use of phytase, which increases the P availability in feed,
increased. In addition, the use of IFP (often mono calcium-phosphate) increased, especially for laying
hens, which have a calcium and phosphate requirements (Veldkamp et a/., 2010).

The European Commission is currently discussing options to amend EU rules to allow the feeding of
processed animal protein derived from non-ruminants (other than fish) to non-ruminants of a different
species. This would imply that meat and bone meal from pigs could be fed to poultry and vice versa.
For this option we therefore assessed to potential amount of soybean meal and IFP that can be
saved if MBM would be allowed in the pig and poultry sectors.

Parameterisation

From the CBS feed data it is not clear which part of the concentrate feed consist of soybean. Based
on NEVIDI data the proportion of soybean meal in the total concentrate feed is 11%. On the basis of
MITERRA-Europe / CAPRI data the share of soybean in protein rich feed for the Dutch livestock sector
is 61%. If the share of soybean is the same for all animal categories, the current soybean
consumption by pigs is than 965 kton (DM) and for poultry 333 kton, which could in principal be
replaced by MBM. The further parameterisation and assumptions of this option are the same as used
for NW Europe (see Section 3.2.5).

Results

The total feed intake by pigs in the Netherlands is about 4.93 Mton and for poultry 1.28 Mton (in dry
matter). For pigs the amount of 63 kton MBM could be used in the feed, since this is about 1.3% of
the total feed intake. For poultry the amount of 140 kton MBM is almost 11% of the feed intake,
which is too high. Using a maximum of 5% of the feed intake, the potential amount of MBM would be
64 kton. The total soybean cake consumption could therefore be reduced by 127 kton, which is
about 0.89 kton P (assuming a P content of 7 g/kg). Since the P content of MBM is higher compared
to soybean also the amount of P from IFP can be reduced. Based on the available data from Table 6,
the average P content of meat and bone meal was set at 50 g P / kg. The amount of 127 kton MBM
contains 6.35 kton P, thus IFP can be reduced by 5.46 kton.

4.2.5 Production of feed from grass refinery

Introduction

The Netherlands has a surplus of grass due to more extensive farming enforced by manure
legislation as well as the expanding area of (natural) grassland. With grass refinery more value could
be added to the growing surplus of grass. Refining grass aims to isolate the low-grade grass protein
and then upgrade it for use in feed concentrates. The residual fibre must also be put to profitable
use, for example as an ingredient for the paper-making industry or as a co-product for biogas
production. Grass refining can thus help to make livestock farming more sustainable, while creating
new economic prospects for grass cultivation. Schouwmans et a/ (2010) expect that biorefinery
could reduce the total import of P by 1 to 5 million kg per year.
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Currently some pilot studies (e.g. GRASSA) are on-going which confirm the possibility of making large
scale grass refinery profitable!. The potential amount of surplus grass in the Netherlands is
estimated at 2 million ton FM per year. From this amount about 75 kton protein (dry matter) can be
extracted (Carel de Vries, Courage, Zoetermeer; pers. com.). This could halve the soymeal
consumption in the Dutch dairy sector. Although this potential is uncertain, recent studies show that
also other biomass sources could be used, e.g. sugar beet leaves and residues from greenhouses.
Therefore we assumed that the amount of 75 kton of protein from grass refinery should be possible.

Parameterisation and results

We assumed that this amount will be proportionally used in concentrate feed over the sectors, i.e.
25% for cattle, 44% for pigs and 27% for poultry (based on data from NEVIDI). The 75 kton of protein
is equal to 167 kton soybean meal, which contains about 1.17 kton P (P content is 7 g/kg), this is in
line with the estimate of Schoumans ef a/ (2010). The amount of P from the refined grass in the
animal feed is not yet known. The P content of fresh grass is 3.8 g/kg, which is about 19 g/kg
based on DM. This is higher compared to the soybean meal, but probably most of the phosphorus is
not in the protein part. Therefore we assumed that the net P intake does not change when soybean
meal is replaced by feed from grass refinery. The net effect of this option is thus a shift of 1.17 kton
P from imported feed to local feed. Overall this is a small but effective contribution to close feed-
manure cycles at national scale.

4.2.6 No export of animal products outside the Netherlands

Introduction

One of the main options to close the feed manure cycle is to match livestock production with the
demand for livestock products in a certain region. The Netherlands has a very intensive livestock
production and for most livestock products the production is (much) higher than the consumption,
which means that part of the livestock sector is producing for export markets. In this option the
number of animals is reduced to the level that would be needed to feed the entire human population
of the Netherlands and no longer produce animal products for export.

Parameterisation

In this option the number of animals is reduced to the level that would be needed to feed the entire
Dutch human population and no longer produce animal products for export. Based on the food
balance sheet data from FAOSTAT the level of overproduction was calculated, which was converted
to a reduction in animal numbers (Table 12). For all livestock products the Netherlands produces
more than is needed for own consumption. The relative reduction in livestock numbers was equally
spread over the Netherlands. Based on these reductions, MITERRA-NL was run, with reduced number
of animals, feed intake and livestock products. All other parameters, e.g. land use, remained the
same, which is an oversimplification, as in reality land used for fodder production might be converted
to other crops. For the reduction in animal feed we assumed that the proportional decrease is
stronger for imported feed and inorganic feed phosphate, since local feed production will remain.

! http://www.groenegrondstoffen.nl/downloads/Infosheets,/Pilot%20grasraffinage.pdf
http://www.biorefinery.nl/fileadmin/biorefinery/docs/bioref/Presentatie_ 7 Grasraffinage_Courage_WS_061207.pdf
http://www.courage2025.nl/courage_project_Grasraffinage.html
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Table 12. Animal product production, consumption, overproaduction and reduction in livestock numbers for
the option of self- sufficiency in the Netherlands

Animal product Production  Consumption Overproduction Reduction livestock numbers

kton kton % %
Bovine meat 396 262 51 34
Pig meat 1297 580 124 55
Poultry meat 692 334 107 52
Mutton and Goat Meat 14 13 8 7
Milk 10847 5635 36™ 27
Eggs 607 286 112 53

* The overproduction for milk is less compared to the consumption, since additional to the human consumption
2323 kton milk is used for animal feeding

Results

The reduction in livestock animals has a very strong effect with a reduction of 38% in the total P
excretion. This reduction results in a 30% decrease in grazing and applied manure, which leads to a
negative soil P balance. However, the negative balance should be treated with care, because no
change in crop uptake is assumed. Whereas in reality crop production will decrease or change, this
holds especially for grasslands. The export and treatment of manure decreases almost by 60% to
9.4 kton P. This export could even reduce further, as there would be space left for manure
application, but we kept the current export of poultry manure constant.

4.2.7 Large scale manure treatment

Introduction

Beside changes in feeding practices and export of manure, treatment of manure is considered as a
possibility to increase the efficient use of nutrients in manure. One possible way of treatment is that
livestock liquid manure is separated and that the mineral concentrate, which results from reverse
osmosis of the liquid fraction, is used as a mineral N and K fertiliser. In a pilot study the agricultural,
economic and environmental impacts of production and use of mineral concentrates as mineral
fertilisers were assessed (Velthof, 2012). However, large scale implementation of these high-tech
slurry separation techniques is not yet expected, whereas low tech slurry separation (mechanical,
e.g. vijzelpers) are expected to be more widely used because of lower investment costs. In Lesschen
et al. (2011b) a series of scenarios of large scale manure treatment were assessed. The production
and large scale use of mineral concentrate in the Netherlands will lead to a decrease in the need for
both mineral P fertiliser (up to 82%) and N fertiliser (up to 15%). The decrease in P fertiliser is mainly
due to more efficient use of the solid fraction after manure treatment, which results in lower exports.
Based on this study we defined one scenario that can be considered as a realistic option, given the
current policy debate. In September 2011 the ministry proposed that all surplus manure should be
either treated at certified installations, exported or used at by other farmers with guaranteed
contracts.

Parameterisation

For this option we made the following assumptions. Slurry will be separated with low tech options
into a thick and a thin fraction. Since most pig-farmers have no or insufficient land there will be a
higher need for manure treatment, hence we assume that 30% of all pig manure will be treated. For
cattle manure the percentage will be lower, since they have more land available, therefore we
assume that 10% will be treated. The manure and application standards for 2009 were used in the
calculation.

Options for closing the phosphorus cycle in agriculture 37



Results

As a result of this large scale manure treatment, more manure can be applied in the Netherlands and
the export of manure reduces with 1.8 kton P (8% reduction). However, the export of pig slurry
decreases much more by 46%. The additional amount of P manure that can be applied could replace
mineral P fertiliser as well. However, since the application rate of mineral P fertiliser is already rather
low, a further reduction is not expected, since the current application standards do allow for higher
application rates. From another perspective, with more stringent P application standards that will be
implemented from 2014, there will be no longer space for additional P application, which means that
manure treatment will only increase the export of manure.

4.3 Summary and discussion of results for the Netherlands

In this chapter we summarised the results of the seven options for reducing phosphorus losses from
the P cycle in agriculture in the Netherlands. Table 13 shows the soil P balance, the soil P surplus,
the manure export and the crop P use efficiency for the different options. The crop P use efficiency is
defined as the crop uptake divided by the inputs (mineral fertiliser, applied manure, grazing manure,
compost and sludge). The results show that the overall P use efficiency ranges between 95% and
134%. These efficiencies seem very high, however, inputs of especially mineral P fertiliser have been
drastically decreased during the last years, and over the last decades a very large P surplus has
accumulated in the Dutch agricultural soils.

Furthermore, crop uptake has been kept constant for all options. In case of small reductions (<10%)
of the total P input no crop response is to be expected, since a large part of the agricultural soils are
saturated by phosphate. However, for the option in which the animal numbers are reduced at the
level that no export will occur, the P input is drastically reduced and a crop response is to be
expected. Furthermore also the crop distribution will change due to less demand for animal feed,
e.g. conversion from fodder maize and grassland to food crops. In that case the crop uptake will be
lower. Besides this extreme option, the reduction of P excretion is most effective in reducing the soil
P surplus. Replacement of mineral P fertiliser, feed from grass refinery and replacement of soybean
and IFP by MBM have no effect on the soil P surplus, while large scale manure treatment increases
the soil P surplus.

Table 13. Summary of resulting agricultural P inputs and soil P balances (in kton P) in the Netherlands for
the 2009 reference situation and the seven options
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Applied manure 42.6 37.3 42.6 42.6 29.2 42.6 42.6 44.4
Compost 1.1 1.1 2.1 1.1 1.1 1.1 1.1 1.1
Sludge 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0
Crop uptake 56.9 56.9 56.9 56.9 56.9 56.9 56.9 56.9
Soil P surplus 1.4 5.6 1.4 0.0 -14.5 1.4 1.4 3.2
Manure export 22.5 18.5 22.5 22.5 9.4 22.5 22.5 20.7
Crop P use efficiency (%) 98 111 98 100 134 98 98 95
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Table 14 shows the animal P balance and the animal P use efficiency for the different options. The
animal P use efficiency is defined as the final animal product divided by the inputs (local feed,
imported feed and inorganic feed phosphate). The results show that the overall P use efficiency is
about 22%, which is somewhat higher compared to the average of NW Europe, but much lower
compared to the crop P use efficiency. However, a large part of the P output is manure, which is
internally recycled within the system, thus at farm level the P use efficiency is much higher. Reduced
P excretion increases the animal P efficiency most, while most other options have no effect.

Table 14. Summary of resulting animal P balance (in kton P) for the Dutch livestock sector for the 2009
reference situation and the seven options
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Local Feed 67.2 64.8 67.2 67.2 48.5 68.3 73.5 67.2
Imported feed 39.8 33.8 39.8 39.8 18.2 38.7 38.9 39.8
Feed phosphate 7.0 3.4 7.0 7.0 3.5 7.0 1.6 7.0
Excretion 76.3 64.3 76.3 76.3 47.3 76.3 76.3 76.3
Animal products 24.7 24.7 24.7 24.7 16.2 24.7 24.7 24.7
Slaughter waste 13.3 13.3 13.3 13.3 6.7 13.3 13.3 13.3
Animal P use
efficiency (%) 21.7 24.2 21.7 21.7 23.1 21.7 21.7 21.7

Ideally for a closed P cycle in agriculture, both the external inputs (mineral fertiliser imported feed
and IFP) and the manure export and treatment should be close to zero. Figure 13 shows the amount
of external P inputs to the agricultural system and the export of manure for the different options. The
agricultural system comprises both the crop and livestock production in the Netherlands. The option
of no export of animal products is in this respect the most effective option, with a reduction of the
external inputs by 50% and a reduction of the manure export and treatment of almost 60%. Besides
this option, the reduction in P excretion is most effective.

Most of the options can be applied in combination, although, the option of balanced fertilisation might
overlap with the reduction of P excretion. The option no export of animal products requires a very
strong shrinkage of the Dutch livestock sector with reductions in animal numbers up to 50%. This is
not considered as a realistic scenario on the short term, and therefore this option was not included in
the combined effect of all options together. Combining the other six options resulted in a total
external P input of 32 kton P, which is a reduction of 35% compared to the 2009 reference, and a
reduction of the manure export and treatment by 26% to 16.7 kton P. The annual soil P balance
would become slightly negative with -5.1 kton P, which is about -2.6 kg P/ha agricultural land. This is
not a problem for crop productivity in most cases, since Dutch agricultural soils have on average a
high P status (see Figure 2).
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Figure 13. External P inputs to the agricultural system and manure export and treatment for the different
options
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5 Conclusions

In this study we designed and assessed five options to reduce P losses in agriculture for the NW
Europe and seven options specific for the Netherlands. At both spatial scales the option of no export
of animal products (100% self-sufficiency), with as a consequence the reduction in livestock
numbers, is most effective in reducing external P inputs. However, this option has significant
economic impacts, with on average a reduction in livestock numbers of 10% for NW Europe and at
the national scale for the Netherlands even a reduction of almost 40%.

An effective option that is more easy to implement, probably without any cost or productivity effects,
is the reduction in P excretion through changes in the feed intake. This option could reduce the soil P
surplus in NW Europe by 23% and for the Netherlands reduce the import of feed from outside the EU
by 15% and the export of P manure 18%. At NW European scale the reduction of mineral P fertiliser
through balanced fertilisation is also an effective option, which can reduce the soil P surplus by 26%
and increase the crop P use efficiency to 77%. In the Netherlands this option is less effective due to
the already low P fertiliser inputs and the high inputs from manure.

Some of the measures do not directly improve the crop or animal P use efficiency, e.g. the maximum
recycling of organic waste (i.e. biowaste, greenwaste and sludge) for use in agricultural systems or
the production of feed from grass refinery, but these options do lower the demand for external P
inputs and thus contribute to a more balanced feed-manure P cycle. The effect of large scale manure
treatment in the Netherlands on the closure of the feed-manure P cycle is limited. Obligatory manure
treatment is currently proposed as the alternative for the milk quota and animal production rights for
the poultry and pig sector. Due to the lowering of the P application standard, no space is left for
additional application of manure P within the Netherlands. This means that most of the P in treated
manure is exported. If this manure P would be exported to the areas where feed is produced, the
feed-manure P cycle would be more in balance at least at larger scale. However, it is not expected
that manure will be exported outside the EU, e.g. to Brazil from where most of the soybean is
imported.

A combination of different options will be most effective in reducing P losses from the feed-manure
cycle. For NW Europe the combination of all five options can lead to a reduction of external P inputs
of about 50%. For the Netherlands the combination of the six options, excluding the no export of
animal products, will lead to a total external P input of 32 kton P, which is a reduction of 35%
compared to the 2009 reference, and a reduction of the manure export and treatment by 26%.

However, a fully closed feed-manure P cycle will difficult to obtain on both NW European as well as
national scale. For NW Europe the external input of mineral P fertilizer is most important, which
cannot be completely replaced by manure and other organic inputs as sewage sludge and compost.
In the Netherlands the import of feed from outside the EU is most important, whereas mineral P
fertilizer has only a limited contribution, which can be replaced by other P inputs. Reduction of the
imported feed quantity is possible, but a completely closed feed-manure P cycle is not possible
without a large reduction in animal numbers.

Options for closing the phosphorus cycle in agriculture 41






References

Aarts, H.F.M, Daatselaar, C.H.G. and Holshof, G. (2008). Bemesting, meststofbenutting en opbrengst van
productiegrasland en snijmais op melkveebedrijven. Rapport 208. Plant Research International, Wageningen,
The Netherlands.

Barth, J., F. Amlinger, et a/ (2008). Compost production and use in the EU (Tender No. J02/35/2006): Final
Report. Weimar, Germany, European Commission Joint Research Centre, ORBIT e.V., European Compost
Network ECN.

Britz, W. and Witzke, P. (2008). CAPRI model documentation 2008: Version 2. Institute for Food and Resource
Economics, University of Bonn, Bonn, Germany.

CEFIC / IFP (2009). The contribution of Inorganic Feed Phosphates to the European P-soil status. IFP sector
group. Brussels, Belgium.

Buck, A.J. de, W. van Dijk, J.C. van Middelkoop, A.L. Smit, H. van Reuler and A. Evers (2012). Agricultural
scenarios to reduce the national phosphorus surplus in the Netherlands. PPO Publication no. 466. Applied
Plant Research (Praktijkonderzoek Plant & Omgeving), Wageningen.

Cordell, D., Drangert, J.-O., White, S. (2009). The story of phosphorus: Global food security and food for
thought. Global Environmental Change 19, 292-305.

Cordell, D., Rosemarin, A., Schroder, J.J. and Smit, A.L. (2011). Towards global phosphorus security: A
systems framework for phosphorus recovery and reuse options. Chemosphere, 84: 747-758.

Dik, van W. and Van Geel, W. (2010). Adviesbasis voor de bemesting van akkerbouw- en
vollegrondsgroentengewassen. Praktijkonderzoek Plant & Omgeving, Lelystad, The Netherlands.

Dijk, van W. and Schroder, J.J. (2007). Adviezen voor stikstofgebruiksnormen voor akker- en tuinbouwgewassen
op zand- en lossgrond bij verschillende uitgangspunten. AGV PPO nr. 371, Praktijkonderzoek Plant &
Omgeving B.V., Lelystad, The Netherlands.

Ehlert, P.A.l., P.M.H., Dekker, J.R. van der Schoot, R. Visschers, J.C. van Middelkoop, M.P. van der Maas, A.A.
Pronk and A.M. van Dam (2009). Fosforgehalten en fosfaatafvoerciifers van landbouwgewassen.
Eindrapportage. Alterra rapport 1773. Alterra, Wageningen, The Netherlands.

Elferink, E.V., Nonhebel, S. and Schoot Uiterkamp, A.J.M. (2007). Does the Amazon suffer from BSE prevention?
Agriculture, Ecosystems and Environment, 120: 467-469.

European Commission (2008). Green paper on the management of bio-waste in the European Union (SEC(2008)
2936). Brussels.

EMEP (2010). EMEP Measurement Database. The Co-operative Programme for the Monitoring and Evaluation of
the Long-Range Transmission of Air Pollutants in Europe. http://www.emep.int/

Fraters, B., Boumans, L.J.M., van Leeuwen, T.C. and Reijs, J.W. (2007). De uitspoeling van het stikstofoverschot
naar grond- en opperviaktewater op landbouwbedrijven. RIVM Rapport 680716002/2007, RIVM, Bilhoven.
Garcia, R.A. and Rosentrater, K.A. (2008). Concentration of key elements in North America meat and bone meal.

Biomass and Bioenergy, 32: 887-891.

Hilst, F. van der, Lesschen, J.P., van Dam, J.M.C., Riksen, M., Verweij, P.A., Sanders, J.P.M. and Faaij, A.P.C.
(2012). Spatial variation of environmental impacts of regional biomass chains. Renewable and Sustainable
energy reviews, 16: 2053-2069.

Jeng, A.J., Haraldsen, T.K., Gronlund, A. and Pedersen, P.A. (2006). Meat and bone meal as nitrogen and
phosphorus fertiliser to cereals and rye grass. Nutrient Cycling in Agroecosystems, 76(2-3): 183-191.

Karakas, P,, Versteegh, H.A.J., van der Honing, Y., Kogut, J. and Jongbloed, A.W. (2001). Nutritive value of the
meat and bone meals from cattle or pigs in broiler diets. Poultry Science, 80: 1180-1189.

Klimont, Z. and Brink, C. (2004). Modelling of Emissions of Air Pollutants and Greenhouse Gases from
Agricultural Sources in Europe. IIASA IR 04-048.

Knowlton, K.F., Radcliffe, J.S., Novak, C.L., Emmerson, D.A. (2004). Animal management to reduce phosphorus
losses to the environment. Journal of Animal Science 82, E173-E195.

Kortstee, J.J.M., Bikker, A.M., van den Ham, A., van Krimpen, M.M. (2011). Minder fosfor in varkensvoer —
Macro-effecten, kansen en drempels. LEI rapport 2011-010. LEI, Den Haag, The Netherlands.

Options for closing the phosphorus cycle in agriculture 43


http://www.emep.int/

Krimpen, M. van, J. van Middelkoop, L. Sebek, A. Jongbloed and W. de Hoop (2010). Effect van fosforverlaging
in melkveerantsoenen en varkensvoeders op fosfaatexcretie via de mest. Rapport 324. Wageningen UR
Livestock Research, Lelystad.

Le Corre, K.S., Valsami-Jones, E., Hobbs, P., Parsons, S.A. (2009). Phosphorus Recovery from Wastewater by
Struvite Crystallization: A Review. Critical Reviews in Environmental Science and Technology 39, 433-477.

Lesschen, J.P., Witzke, H.P., van den Berg, M., Westhoek, H. and O. Oenema, O. (2011a). Greenhouse gas
emission profiles of the European livestock sectors. Animal Feed Science and Technology 166-167: 16-28.

Lesschen, J.P., Staritsky, I. and Velthof, G.L. (2011b). Verkenning grootschalige toepassing van
mineralenconcentraten in Nederland; Effecten op nutriéntenstromen en emissies. Alterra-rapport 2247.
Alterra, Wageningen.

Milieu Ltd, WRc and RPA. (2009). Environmental, economic and social impacts of the use of sewage sludge on
land: Overview report. Study Contract DG ENV.G.4/ETU/2008/0076r.

Miller E.L. and de Boer F. (1988). By-products of animal Origin. Livestock Production Science, 19: 159-196.

Reijneveld, J.A., P.A.l. Ehlert, A.J. Termorshuizen and O. Oenema (2010). Changes in the soil phosphorus status
of agricultural land in the Netherlands during the 20th century. Soil Use and Management 26, 399-411.

Ridder, M. de, de Jong, S., ef a/. (2012). Risks and Opportunities in the Global Phosphate Rock Market: Robust
Strategies in Times of Uncertainty. The Hague Centre for Strategic Studies (HCSS), The Hague.

Rodehutscord, M., Abel, H.J., Friedt, W., Wenk, C., Flachowsky, G., Ahlgrimm, H.J., Johnke, B., Kuhl, R., Breves
G. (2002). Consequences of the ban of by-products from terrestrial animals in livestock feeding in Germany
and the European Union: Alternatives, nutrient and energy cycles, plant production, and economic aspects.
Arch. Anim. Nutr., 56: 67-91.

Schoumans, O., P. Ehlert, 0. Oenema, G. Velthof, K. Meesters, W. Rulkens, J. Sanders, J. Schroder, A. Bikker,
H. Kortstee, M. van Krimpen, G. van der Peet, M. Timmerman and N. Verdoes (2010). Managing phosphorus
cycling in agriculture; a review of options for the Netherlands. Workshop Managing livestock manure for
sustainable agriculture, 24-25 November 2010, Wageningen, The Netherlands.

Schroder, J.J., H.F.M. Aarts, J.C. van Middelkoop, R.L.M. Schils, G.L. Velthof, B. Fraters & W.J. Willems (2007).
Permissible manure and fertilizer use in dairy farming systems on sandy soils in The Netherlands to comply
with the Nitrates Directive target. European Journal of Agronomy, 27: 102-114.

Schroder, J.J., Smit, A.L., Cordell, D., Rosemarin, A. (2011). Improved phosphorus use efficiency in agriculture:
A key requirement for its sustainable use. Chemosphere 84, 822-831

Sellier, P. (2003). Protein nutrition for ruminants in European countries, in the light of animal feeding regulations
linked to bovine spongiform encephalopathy. Rev. sci. tech. off. int. epiz. 22(1): 259-269.

Sheldrick, W., Syers, J.K. and Lingard, J. (2003). Contribution of livestock excreta to nutrient balances. Nutrient
Cycling in Agroecosystems, 66: 119-131.

Smit, A.L., Curthvan Middelkoop, J.C., et al (2010). A quantification of phosphorus flows in the Netherlands
through agricultural production, industrial processing and households. Plant Research International,
Wageningen UR, Wageningen, The Netherlands.

Veldkamp, T., van der Klis, J.D., Jansman, A.J.M. (2010). Effect van diermeel in het voer op gezondheid en
welzijn van pluimvee en varkens. Rapport 337. Livestock Research, Lelystad.

Velthof, G.L. (2012). Mineral Concentrates Pilot; synthesis of the results of 2011. Alterra report 2363. Alterra,
Wageningen, The Netherlands.

Velthof G.L. and Mosquera, J. (2011). Calculation of nitrous oxide emission from agriculture in the Netherlands.
Update of emission factors and leaching fraction. Alterra report 2151, Alterra, Wageningen, The
Netherlands.

Velthof G.L., D. Oudendag, H.P. Witzke, W.A.H. Asman, Z. Klimont en 0. Oenema (2009). Integrated Assessment
of Nitrogen Losses from Agriculture in EU-27 using MITERRA-EUROPE. Journal of Environmental Quality, 38:
402-417.

Werkgroep Afvalregistratie (2009). Afvalverwerking in Nederland: gegevens 2008. Senternovem, Utrecht,
Netherlands (ISBN 978-90-5748-076-8).

Zwart, M.H., C.H.G. Daatselaar, L.J.M. Boumans en G.J. Doornewaard (2010). Landbouwpraktijk en
waterkwaliteit op landbouwbedrijven aangemeld voor derogatie : Resultaten meetjaar 2008 in het
derogatiemeetnet. RIVM rapport 680717014. RIVM, Bilthoven, The Netherlands.

44 WOt-werkdocument 353



Verschenen documenten in de reeks Werkdocumenten van de Wettelijke Onderzoekstaken
Natuur & Milieu vanaf 2011

Werkdocumenten zijn verkrijgbaar bij het secretariaat van Unit Wettelijke Onderzoekstaken Natuur & Milieu, te Wageningen. T 0317 -
48 54 71; E info.wnm@wur.nl
De werkdocumenten zijn ook te downloaden via de WOt-website www.wageningenUR.nl/wotnatuurenmilieu

2011

222

223

224

225

226

227

228

229

230
231
232
233
234
235
236

237

238

239

240

241

242

243

244

245

Kamphorst, D.A. & M.M.P. van Oorschot. Kansen en barriéres
voor verduurzaming van houtketens

Salm, C. van der & O.F. Schoumans. Langetermijneffecten van
verminderde fosfaatgiften

Bikker, P., M.M. van Krimpen & G.J. Remmelink. Stikstof-
verteerbaarheid in voeders voor landbouwhuisdieren;
Berekeningen voor de TAN-excretie

M.E. Sanders & A.L. Gerritsen (red.). Het biodiversiteitsbeleid in
Nederland werkt. Achtergronddocument bij Balans van de
Leefomgeving 2010

Bogaart, P.W., G.A.K. van Voorn & L.M.W. Akkermans.
Evenwichtsanalyse modelcomplexiteit; een verkennende studie

Kleunen A. van, K. Koffijberg, P. de Boer, J. Nienhuis, C.J.
Camphuysen, H. Schekkerman, K.H. Oosterbeek, M.L. de
Jong, B. Ens & C.J. Smit (2010). Broedsucces van
kustbroedvogels in de Waddenzee in 2007 en 2008

Salm, C. van der, L.J.M. Boumans, D.J. Brus, B. Kempen & T.C
van Leeuwen. Validatie van het nutriéntenemissiemodel STONE
met meetgegevens uit het Landelijk Meetnet effecten
Mestbeleid (LMM) en de Landelijke Steekproef Kaarteenheden
(LSK).

Dijjkema, K.S., W.E. van Duin, £.M. Djjkman, A. Nicolai, H.
Jongerius, H. Keegstra, L. van Egmond, H.J. Venema & J.J.
Jongsma. Vijftig jaar monitoring en beheer van de Friese en
Groninger kwelderwerken: 1960-2009

Jaarrapportage 2010. WOT-04-001 - Koepel

Jaarrapportage 2010. WOT-04-002 - Onderbouwend Onderzoek

Jaarrapportage 2010. WOT-04-003 — Advisering Natuur & Milieu

Jaarrapportage 2010. WOT-04-005 - M-AVP

Jaarrapportage 2010. WOT-04-006 — Natuurplanbureaufunctie

Jaarrapportage 2010. WOT-04-007 - Milieuplanbureaufunctie

Arnouts, R.C.M. & F.H. Kistenkas. Nederland op slot door Natura
2000: de discussie ontrafeld; Bijlage bij WOt-paper 7 - De
deur klemt

Harms, B. & M.M.M. Overbeek. Bedrijven aan de slag met natuur
en landschap; relaties tussen bedrijven en natuurorganisaties.
Achtergronddocument bij Natuurverkenning 2011

Agricola, H.J. & L.A.E. Vullings. De stand van het platteland
2010. Monitor Agenda Vitaal Platteland; Rapportage Midterm
meting Effectindicatoren

Kiljn, J.A. Wisselend getij. Omgang met en beleid voor natuur en
landschap in verleden en heden; een essayistische
beschouwing. Achtergronddocument bij Natuurverkenning
2011

Corporaal, A., T. Denters, H.F. van Dobben, S.M. Hennekens, A.
Klimkowska, W.A. Ozinga, J.H.J. Schaminée & R.A.M.
Schrijver. Stenoeciteit van de Nederlandse flora. Een nieuwe
parameter op grond van ecologische amplitudo’s van de
Nederlandse plantensoorten en toepassings-mogelijkheden

Wamelink, G.W.W., R. Jochem, J. van der Greft-van Rossum, C.
Grashof-Bokdam, R.M.A. Wegman, G.J. Franke & A.H. Prins.
Het plantendispersiemodel DIMO. Verbetering van de
modellering in de Natuurplanner

Klimkowska, A., M.H.C. van Adrichem, J.A.M. Jansen & G.W.W.
Wamelink. Bruikbaarheid van WNK-monitoringgegevens voor
EC-rapportage voor Natura 2000-gebieden. Eerste fase

Goossen, C.M., R.J. Fontein, J.L.M. Donders & R.C.M. Arnouts.
Mass Movement naar recreatieve gebieden; Overzicht van
methoden om bezoekersaantallen te meten

Sprujt, J., P.M. Spoorenberg, J.A.J.M. Rovers, J.J. Slabbekoorn,
S.A.M. de Kool, M.E.T. Viaswinkel, B. Hejine, J.A. Hiemstra, F.
Nouwens & B.J. van der Sluis. Milieueffecten van maatregelen
gewasbescherming

Walker, AN. & G.B. Woltjer. Forestry in the Magnet model.

Options for closing the phosphorus cycle in agriculture

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

Hoefnagel, EW.J., F.C. Buisman, J.A.E. van Oostenbrugge & B.1.
de Vos. Een duurzame toekomst voor de Nederlandse visserij.
Toekomstscenario’s 2040

Buurma, J.S. & S.R.M. Janssens. Het koor van adviseurs verdient
een dirigent. Over kennisverspreiding rond phytophthora in
aardappelen

Verburg, RW., A.L. Gerritsen & W. Nieuwenhuizen. Natuur
meekoppelen in ruimtelijke ontwikkeling: een analyse van
sturingsstrategieén voor de Natuurverkenning.
Achtergronddocument bij Natuurverkenning 2011

Kooten, T. van & C. Klok. The Mackinson-Daskalov North Sea
EcoSpace model as a simulation tool for spatial planning
scenarios

Bruggen van, C., C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujsmans, S.M. van der Slus & G.L.
Velthof. Ammoniakemissie uit dierlijke mest en kunstmest
1990-2008. Berekeningen met het Nationaal Emissiemodel
voor Ammoniak (NEMA)

Bruggen van, C., C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujsmans, S.M. van der Sluis & G.L.
Velthof. Ammoniakemmissie uit dierlijke mest en kunstmest in
20009. Berekeningen met het Nationaal Emissiemodel voor
Ammoniak (NEMA)

Randen van, Y., H.L.E. de Groot & L.A.E. Vullings. Monitor
Agenda Vitaal Platteland vastgelegd. Ontwerp en
implementatie van een generieke beleidsmonitor

Agricola, H.J., R. Rejjnen, J.A. Boone, M.A. Dolman, C.M.
Goossen, S. de Vries, J. Roos-Klein Lankhorst, L.M.G.
Groenemejjer & S.L. Dejjl. Achtergronddocument Midterm
meting Effectindicatoren Monitor Agenda Vitaal Platteland

Buiteveld, J. S.J. Hiemstra & B. ten Brink. Modelling global
agrobiodiversity. A fuzzy cognitive mapping approach

Hal van R., O0.G. Bos & R.G. Jak. Noordzee: systeemdynamiek,
klimaatverandering, natuurtypen en benthos.
Achtergronddocument bij Natuurverkenning 2011

Teal, L.R.. The North Sea fish community: past, present and
future. Background document for the 2011 National Nature
Outlook

Leopold, M.F., R.S.A. van Bemmelen & S.C.V. Geelhoed.
Zeevogels op de Noordzee. Achtergronddocument bij
Natuurverkenning 2011

Geelhoed, S.C.V. & T. van Polanen Petel. Zeezoogdieren op de
Noordzee. Achtergronddocument bij Natuurverkenning 2011

Kujjs, ELKM. & J. Steenbergen. Zoet-zoutovergangen in
Nederland; stand van zaken en kansen voor de toekomst.
Achtergronddocument bij Natuurverkenning 2011

Baptist, M.J. Zachte kustverdediging in Nederland; scenario’s
voor 2040. Achtergronddocument bij Natuurverkenning 2011

Wiersinga, W.A., R. van Hal, R.G. Jak & F.J. Quirjns. Duurzame
kottervisserij op de Noordzee. Achtergronddocument bij
Natuurverkenning 2011

Wal J.T. van der & W.A. Wiersinga. Ruimtegebruik op de
Noordzee en de trends tot 2040. Achtergronddocument bij
Natuurverkenning 2011

Wiersinga, W.A. J.T. van der Wal, R.G. Jak & M.J. Baptist. Vier
kijkrichtingen voor de mariene natuur in 2040.
Achtergronddocument bij Natuurverkenning 2011

Bolman, B.C. & D.G. Goldsborough. Marine Governance.
Achtergronddocument bij Natuurverkenning 2011

Bannink, A. Methane emissions from enteric fermentation in dairy
cows, 1990-2008; Background document on the calculation
method and uncertainty analysis for the Dutch National
Inventory Report on Greenhouse Gas Emissions

Wyngaert, 1.J.J. van den, P.J. Kuikman, J.P. Lesschen, C.C.
Verwer & H.H.J. Vreuls. LULUCF values under the Kyoto
Protocol; Background document in preparation of the National
Inventory Report 2011 (reporting year 2009)

45



267
268
269

270

271

272

273

274

275

276

277

278

279

280

281
282

283
285

2012
286

287

288
289
290
291
292

293

46

Helming, J.F.M. & I.J. Terluin. Scenarios for a cap beyond 2013;
implications for EU27 agriculture and the cap budget.

Woltier, G.B. Meat consumption, production and land use. Model
implementation and scenarios.

Knegt, B. de, M. van Eupen, A. van Hinsberg, R. Pouwels,
M.S.J.M. Rejjnen, S. de Vries, W.G.M. van der Bilt & S. van Tol.
Ecologische en recreatieve beoordeling van
toekomstscenario’s van natuur op het land. Achtergrond-
document bij Natuurverkenning 2011.

Bos, JF.F.P., MJW. Smits, R.A.M Schrijver & R.W. van der Meer.
Gebiedsstudies naar effecten van vergroening van het
Gemeenschappelijk Landbouwbeleid op bedrijfseconomie en
inpassing van agrarisch natuurbeheer.

Donders, J., J. Luttik, M. Goossen, F. Veeneklaas, J. Vreke & T.
Weijjschede. Waar gaat dat heen? Recreatiemotieven,
landschapskwaliteit en de oudere wandelaar.
Achtergronddocument bij Natuurverkenning 2011.

Voorn G.A.K. van & D.J.J. Walvoort. Evaluation of an evaluation
list for model complexity.

Heide, C.M. van der & F.J. Sjjtsma. Maatschappelijke waardering
van ecosysteemdiensten; een handreiking voor publieke
besluitvorming. Achtergronddocument bij Natuurverkenning
2011

Overbeek, MM.M., B. Harms & S.W.K. van den Burg (2012).
Internationale bedrijven duurzaam aan de slag met natuur en
biodiversiteit.; voorstudie bij de Balans van de Leefomgeving
2012.

Os, J. van; T.J.A. Gies; H.S.D. Naeff: [.J.J Jeurissen.
Emissieregistratie van landbouwbedrijven; verbeteringen met
behulp van het Geografisch Informatiesysteem Agrarische
Bedrijven.

Walsum, P.E.V. van & A.A. Veldhuizen. MetaSWAP_V7_2_0;
Rapportage van activiteiten ten behoeve van certificering met
Status A.

Kooten T. van & S.T. Glorius. Modeling the future of het North
Sea. An evaluation of quantitative tools available to explore
policy, space use and planning options.

Leneman, H., R.W. Verburg, A. Schouten (2013). Kosten en
baten van terrestrische natuur: Methoden en resultaten;
Achtergronddocument bij Natuurverkenning 2010-2040

Bilt, W.G.M. van der, B. de Knegt, A. van Hinsberg & J. Clement
(2012). Van visie tot kaartbeeld; de kijkrichtingen ruimtelijk
uitgewerkt. Achtergronddocument bij Natuurverkenning 2011

Kistenkas, F.H. & W. Nieuwenhuizen. Rechtsontwikkelingen
landschapsbeleid: landschapsrecht in wording. Bijlage bij WOt-
paper 12 — ‘Recht versus beleid’

Meeuwsen, HA.M. & R. Jochem. Openheid van het landschap;
Berekeningen met het model ViewScape.

Dobben, H.F. van. Naar eenvoudige dosis-effectrelaties tussen
natuur en milieucondities; een toetsing van de mogelijkheden
van de Natuurplanner.

Gaaff, A. Raming van de budgetten voor natuur op langere
termijn; Achtergronddocument bij Natuurverkenning 2011.

Vries, P. de, J.E. Tamis, J.T. van der Wal, R.G. Jak, D.M.E.
Slijkerman and J.H.M. Schobben. Scaling human-induced
pressures to population level impacts in the marine
environment; implementation of the prototype CUMULEO-RAM
model.

Keizer-Viek, H.E. & P.F.M. Verdonschot. Bruikbaarheid van SNL-
monitoringgegevens voor EC-rapportage voor Natura 2000-
gebieden; Tweede fase: aquatische habitattypen.

Oenema, J., H.F.M. Aarts, D.W. Bussink, R.H.E.M. Geerts, J.C.
van Middelkoop, J. van Middelaar, J.W. Rejjs & O. Oenema.
Variatie in fosfaatopbrengst van grasland op praktijkbedrijven
en mogelijke implicaties voor fosfaatgebruiksnormen.

Troost, K., D. van de Ende, M. Tangelder & T.J.W. Ysebaert.
Biodiversity in a changing Oosterschelde: from past to present

Jaarrapportage 2011. WOT-04-001 - Koepel

Jaarrapportage 2011. WOT-04-008 - Agromilieu

Jaarrapportage 2011. WOT-04-009 - Natuur, Landschap en
Platteland

Jaarrapportage 2011. WOT-04-010 - Balans van de
Leefomgeving

Jaarrapportage 2011. WOT-04-011 - Natuurverkenning

294

295

296

297

298

299

300

301

302

303

304
305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

Bruggen, C. van, C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujsmans, S.M. van der Sluis & G.L.
Velthof. Ammoniakemissie uit dierlijke mest en kunstmest in
2010; berekeningen met het Nationaal Emissiemodel voor
Ammoniak (NEMA).

Spijker, J.H., H. Kramer, JJ. de Jong & B.G. Heusinkveld.
Verkenning van de rol van (openbaar) groen op wik- en
buurtniveau op het hitte-eilandeffect

Haas, W. de, C.B.E.M. Aalbers, J. Kruit, R.C.M. Arnouts & J.
Kempenaar. Parknatuur; over de kijkrichtingen beleefbare
natuur en inpasbare natuur

Doorn, AM. van & R.A. Smidt. Staltypen nabij Natura 2000-
gebieden.

Luesink, H.H., A. Schouten, P.W. Blokland & M.W. Hoogeveen.
Ruimtelijke verdeling ammoniakemissies van beweiden en van
aanwenden van mest uit de landbouw.

Meulenkamp, W.J.H. & T.J.A. Gies. Effect maatregelen
reconstructie zandgebieden; pilotgemeente Gemert-Bakel.
Beukers, R. & B. Harms. Meerwaarde van certificeringsschema’s
in visserij en aquacultuur om bij te dragen aan het behoud van

biodiversiteit

Broekmeyer, M.E.A., H.P.J. Huiskens, S.M. Hennekens, A. de
Jong, M.H. Storm & B. Vanmeulebrouk. Gebruikers-handleiding
Audittrail Natura 2000.

Bruggen van, C., C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujjsmans, S.M. van der Slus & G.L.
Velthof. Ammonia emissions from animal manure and
inorganic fertilisers in 2009. Calculated with the Dutch
National Emissions Model for Ammonia (NEMA)

Donders, J.L.M. & C.M. Goossen. Recreatie in groen blauwe
gebieden. Analyse data Continu Vrijetijdsonderzoek: bezoek,
leeftijd, stedelijkheidsgraad en activiteiten van recreanten

Boesten, JJ.T.I. & M.M.S. ter Horst. Manual of PEARLNEQ v5

Reijjnen, M.J.S.M., R. Pouwels, J. Clement, M. van Esbroek, A. van
Hinsberg, H. Kujpers & M. van Eupen. EHS
Doelrealisatiegraadmeter voor de Ecologische Hoofdstructuur.
Natuurkwaliteit van landecosysteemtypen op lokale schaal.

Arnouts, R.C.M., D.A. Kamphorst, B.J.M. Arts & J.P.M. van
Tatenhove. Innovatieve governance voor het groene domein.
Governance-arrangementen voor vermaatschap-pelijking van
het natuurbeleid en verduurzaming van de koffieketen.

Kruseman, G., H. Luesink, P.W. Blokland, M. Hoogeveen & T. de
Koejjer. MAMBO 2.x. Design principles, model, structure and
data use

Koeijjer de, T., G. Kruseman, P.W. Blokland, M. Hoogeveen & H.
Luesink. MAMBO: visie en strategisch plan, 2012-2015

Verburg, R.W. Methoden om kennis voor integrale
beleidsanalysen te combineren.

Bouwma, .M., W.A. Ozinga, T. v.d. Sluis, A. Griffioen, M.P. v.d.
Veen & B. de Knegt. Dutch nature conservation objectives
from a European perspective.

Wamelink, G.W.W., M.H.C. van Adrichem & P.W. Goedhart.
Validatie van MOVEA4.

Broekmeyer, M.E.A., M.E. Sanders & H.P.J. Huiskes.
Programmatische Aanpak Stikstof. Doelstelling, maatregelen
en mogelijke effectiviteit.

Kramer, H., J. Clement & B. de Knegt (2013). Basiskaart Natuur
2004; van versie 1.0 naar 3.1.

Pouwels, P. C. van Swaay, R. Foppen & H. Kuipers. Prioritaire
gebieden binnen de Ecologische Hoofdstructuur voor behoud
doelsoorten vlinders en vogels.

Rudrum, D., J. Verboom, G. Kruseman, H. Leneman, R. Pouwels,
A. van Teeffelen & J. Clement. Kosteneffectiviteit van
natuurgebieden op het land. Eerste verkenning met ruimtelijke
optimalisatie biodiversiteit.

Boone, J.A., MA. Dolman, G.D. Jukema, H.R.J. van Kernebeek &
A. van der Knjjff. Duurzame landbouw verantwoord.
Methodologie om de duurzaamheid van de Nederlandse
landbouw kwantitatief te meten.

Troost, K., M. Tangelder, D. van den Ende & T.J.W. Ysebaert
From past to present: biodiversity in a changing delta

Schouten, A.D., H. Leneman, R. Michels & R.W. Verburg..
Instrumentarium kosten natuurbeleid. Status A.

Verburg, R.W., E.J.G.M. Westerhof, M..J. Bogaardt & T. Selnes.
Verkennen en toepassen van besluitvormingsmodellen in de
uitvoering van natuurbeleid.

WOt-werkdocument 353



2013
320

321

322

323

324

325
326

327

328
329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Woltjer, G.B. Forestry in MAGNET; a new approach for land use
and forestry modelling.

Langers, F., A.E. Bujs, S. de Vries, J.M.J. Farjon, A. van
Hinsberg, P. van Kampen, R. van Marwijk, F.J. Sjtsma, S. van
7ol Potenties van de Hotspotmonitor om de graadmeter
Landschap te verfijnen

Verburg, R.W., M.J. Bogaardt, B. Harms, T. Selnes, W.J.
Oliemans. Beleid voor ecosysteemdiensten. Een vergelijking
tussen verschillende EU-staten

Schouten, MA.H., N.B.P. Polman & E.J.G.M. Westerhof.
Exploring green agricultural policy scenarios with a spatially
explicit agent-based model.

Gerritsen, A.L., AM.E. Groot, H.J. Agricola, W. Nieuwenhuizen.
Hoogproductieve landbouw. Een verkenning van motivaties,
knelpunten, condities, nieuwe organisatiemodellen en de te
verwachten bijdragen aan natuur en landschap

Jaarrapportage 2012. WOT-04-008 — Agromilieu

Jaarrapportage 2012. WOT-04-009 - Informatievoorziening
Natuur (IN)

Jaarrapportage 2012. WOT-04-010 - Balans van de
Leefomgeving (BvdL)

Jaarrapportage 2012. WOT-04-011 - Natuurverkenning (NVK)

Goossen, C.M., F. Langers, T.A. de Boer. .Relaties tussen
recreanten, ondernemers en landschap

Bruggen, C. van, P. Bikker, C.M. Groenestein, B.J. de Haan, M.W.
Hoogeveen, J.F.M. Hujsmans, S.M. van der Sluis & G.L.
Velthof. Ammoniakemissie uit dierlijke mest en kunstmest in
2011. Berekeningen met het Nationaal Emissiemodel voor
Ammoniak (NEMA).

Dirkx, G.H.P. & W. Nieuwenhuizen. Histland. Historisch-
landschappelijk informatiesysteem

Ehlert, PA.L, T.A. van Djk & O. Oenema. Opname van struviet als
categorie in het Uitvoeringsbesluit Meststoffenwet. Advies.

Ehlert, PA.L, H.J. van Winen, J. Strujjs, T.A. van Djk, L. van
Scholl, L.R.M. de Poorter. Risicobeoordeling van
contaminanten in afval- en reststoffen bestemd voor gebruik
als covergistingsmateriaal

Verdonschot R.C.M., J.H. Vos J.H. & P.F.M. Verdonschot.
Exotische macrofauna en macrofyten in de Nederlandse zoete
wateren; voorkomen en beleid in 2012.

Commissie Deskundigen Meststoffenwet. Protocol beoordeling
stoffen Meststoffenwet. Versie 3.1

Ehlert, P.A.L, L. Posthuma, P.F.A.M. Romkens, R.P.J.J. Rietra,
A.M. Wintersen, H. van Wijnen, T.A. van Dijk, L. van Scholl, J.E.
Groenenberg. Appraising fertilisers: Origins of current
regulations ans standards for contaminants in fertilisers.
Background of quality standards in the Netherlands, Denmark,
Germany, United Kingdom and Flanders

Greft-van Rossum, J.G.M. van der, M.J.S.M. Rejinen, W.A. Ozinga,
R. Pouwels, M. van Eupen, A.M.G. de Brujn, H. Kujpers, S.M.
Hennekens & A.H. Malinowska. Water-, milieu- en
ruimtecondities vaatplanten; Implementatie in Model for Nature
Policy MNP 2.0.

Vos, C.C., R. Pouwels, M. van Eupen, T. Lemaris, H.A.M.
Meeuwsen, W.A. Ozinga, M. Sterk & M. F. Wallis de Vries.
Operationalisering van het begrip ‘veerkracht van
ecosystemen’. Een empirische verkenning voor planten en
dagvlinders.

Voorn van, G.A.K., P.W. Bogaart, M. Knotters, D.J.J. Walvoort.
Complexiteit van WUR-modellen en -bestanden. Toetsing van
de EMC v1.0

Seines, T.A., D.A. Kamphorst, B.J.M. Arts & J.P.M. van
Tatenhove. Innovatieve governance arrangementen. Op zoek
naar vernieuwing in het groene domein.

Knegt de, B., J.G.M. van der Greft-van Rossum, S.M. Hennekens,
G.B.M. Heuvelink. Trends van zeldzame plantensoorten
voorspeld.

Smits, M.JW., C.M. van der Heide m.m.v. S.W.K. van den Burg,
M.J.G. Meeusen & M.J. Voskuilen. Duurzaam gebruik van
ecosysteemdiensten door private sectoren.

Pouwels, R., R.J.F. Bugter, A.J. Griffioen & R.M.A. Wegman.
Beoordeling leefgebied habitatrichtlijnsoorten voor artikel 17
van de rapportage

Options for closing the phosphorus cycle in agriculture

344

345

346

347

348

349

350

351

352

353

354

355

356

Berg, J. van den, V.J. Ingram, M.J. Bogaardt & B. Harms.
Integrating ecosystem services into the tropical timber value
chain; Dutch policy options from an innovation system
approach.

Leneman, H., V.G.M. Linderhof, F.W. van Gaalen, R. Michels,
P.J.T.M. van Fujjenbroek. Methoden om kosten en effecten
van maatregelen op aquatische ecologie te bepalen.
Achtergronddocument bij Natuurverkenning 2010-2040.

Van Kleunen A., P. de Boer, K. Koffjiberg, K. Oosterbeek, J.
Nienhuis, M.L. de Jong, C.J. Smit & M. van Roomen.
Broedsucces van kustbroedvogels in de Waddenzee in 2009 en
2010.

Bikker, P., J. van Harn, C.M. Groenestein, J. de Wit, C. van
Bruggen & H.H. Luesink. Stikstof- en fosforexcretie van
varkens, pluimvee en rundvee in biologische en gangbare
houderijsystemen.

Haas de, W., C. Aalbers, J. Kruit & B. de Vries. Natuur: beleven
en gebruiken. Verdieping van twee kijkrichtingen uit de
Natuurverkenning 2010-2040.

Vreke,J., F.H. Kistenkas, J.L.M. Donders, C.M. Goossen & S. de
Vries. Benutting ecosysteemdiensten.

Walvoort, D.J.J., M. Knotters & T. Hoogland. Map Maker's Guide:
A Decision Support System for Interpolation, Aggregation, and
Disaggregation. Technical documentation.

Henkens, R.J.H.G. en W. Geertsema (2013). Ecosysteem-
diensten van natuur en landschap; Aanpak en kennis-tabellen
voor het opstellen van indicatoren.

Brasseur, SM.JM., J.S.M. Cremer, E.M. Djkman & J.P. Verdaat.
Monitoring van gewone en grijze zeehonden in de Nederlandse
Waddenzee; 2002 - 2012.

Lesschen, J.P., JW.H. van der Kolk, K.C. van Djjk and J. Willems.
Options for closing the phosphorus cycle in agriculture;
Assessment of options for Northwest Europe and the
Netherlands.

Kraalingen, D. van, E.L. Wipfler, F. van den Berg, W.H.J. Beltman,
M.S. ter Horst, G. Fait & J.A. te Roller. SPIN Manual 1.1;
User’s Guide version 1, for use with FOCUS_SWASH 4.2

Fait, G., F. van den Berg, P.I. Adriaanse, A. de Jong, J.A. te Roller
& W.H.J. Beltman. SWASH Manual 4.2, User's Guide version 4.

Vader, J. & E. Dammers (2013). Omgevings-scenario’s in de
Natuurverkenning 2010-2040; Achtergronddocument

47



Theme State of the Environment
Wettelijke Onderzoekstaken
Natuur & Milieu

P.O. Box 47

NL-6700 AA Wageningen

T +31 (0) 317 48 54 71

E info.wnm@wur.nl

www.wageningenUR.nl/
wotnatuurenmilieu

The mission of WOT Natuur & Milieu is to carry out statutory research tasks on issues relating
to nature and the environment. These tasks are implemented in order to support the Dutch
Minister of Economic Affairs, who is responsible for these issues. The Statutory Research
Tasks Unit for Nature and the Environment (WOT Natuur & Milieu) works on products of the
Netherlands Environmental Assessment Agency (PBL), such as the Assessment of the Human
Environment reports and the Nature Outlook reports. In addition, the unit advises the Ministry
of Economic Affairs about fertilisers and pesticides and their authorisation, and provides data
required to compile biodiversity reports to the European Union.

WOT Natuur & Milieu is part of the international expertise organisation Wageningen UR
(University & Research centre). Its mission is ‘To explore the potential of nature to improve
the quality of life’. Within Wageningen UR, nine specialised research institutes of the DLO
Foundation have joined forces with Wageningen University to help answer the most important
questions in the domain of healthy food and living environment. With approximately

30 locations, 6,000 members of staff and 9,000 students, Wageningen UR is one of the leading
organisations in its domain worldwide. The integral approach to problems and the cooperation
between the various disciplines are at the heart of the unique Wageningen Approach.




	Summary
	Samenvatting
	1 Introduction
	1.1 Background
	1.2 Objectives

	2 Model description
	2.1 MITERRA-Europe
	2.2 MITERRA-NL
	Input data


	3 Assessment for Northwest Europe
	3.1 Description of reference situation
	3.2 Options for reducing P losses
	3.2.1 Reduction mineral fertiliser use to balanced fertilisation
	Introduction
	Parameterisation
	Results
	3.2.2 Reduction of P excretion
	Introduction
	Parameterisation
	Results
	3.2.3 Maximum recycling of human organic wastes
	Introduction
	Parameterisation
	Results
	3.2.4 No export of animal products outside NW Europe
	Introduction
	Parameterisation
	Results
	3.2.5 Replacement of soybean and feed phosphate by meat and bone meal
	Introduction
	Parameterisation
	Results

	3.3 Summary and discussion of results for Northwest Europe

	4 Assessment for the Netherlands
	4.1 Description of reference situation
	4.2 Options for reducing P losses
	4.2.1 Reduction of P excretion
	Introduction
	Parameterisation
	Results
	4.2.2 Maximum replacement of mineral fertiliser by waste streams
	Introduction
	Parameterisation and results
	4.2.3 Reduce manure and fertiliser application using balanced fertilisation
	Introduction
	Parameterisation and results
	4.2.4 Replace soymeal and feed phosphate by meat and bone meal
	Introduction
	Parameterisation
	Results
	4.2.5 Production of feed from grass refinery
	Introduction
	Parameterisation and results
	4.2.6 No export of animal products outside the Netherlands
	Introduction
	Parameterisation
	Results
	4.2.7 Large scale manure treatment
	Introduction
	Parameterisation
	Results

	4.3 Summary and discussion of results for the Netherlands

	5 Conclusions
	References

