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Executive summary

This eport provides a literature review on current (management) techniques to improve nutrient
cycling and their effects on CNP flow#is review of techniquesontributesto the establishment of

the baseline of the Nutri2Cycle project againstieh the solutions from Nut?iGy/cle will be assessed.

The literature review focusses on current techniques and systems that improve the cycling of CNP
flows in agriculture. This review focuses on four main aspects: 1) emission reduction in animal
production 2) manure processing tectgues, 3) precision fertilisation, and 4) mixed farming systems.
The main observations from this review are summarised below.

Livestock farmers already apply several mitigation techniques to decrease gaseous emissions from
agriculture, so far mainly focasg on reduction in ammonia emissions. Current techniques and
practices comprise N and P feeding strategies, stable adaptations, manure treatment, and use of
effective manure application techniques. Air scrubbers in animal stables, low protein feeditepgtr

and manure injection techniques are commonly used to reduce ammonia emissions. Phytate is
commonly used as additive to improve the uptake of phosphdviaure acidification is only applied

at larger scale in Denmark, whereas in the Netherlands agldilBn several manure processing
technigues are already used in practice.

Depending on the working principle of manure processing technologies, it is possible to generate
energy (e.g. anaerobic digestion, incineration);agmcentrate nutrients (e.g. mechial separation,
stripping/scrubbing) or even to destroy the nutrients (e.g. nitrification/denitrification) from animal
manure. This suggests that manure processing technologies can have various effects (i.e. positive and
negative) on CNP flows in the Bpean agriculture, which are not always fully documented.
Nowadays, anaerobic digestion and composting are one of the most commonly used manure
processing technologies in the EU Member states. On the other hand, mechanical separation,
incineration, nitrifcation/denitrification and stripping/scrubbing technology are more typical for
regions with animal manure surplus.

For precision fertilisation, the variable rate fertiliser application technology is most relevant for
improving the cycling of CNP flowihis technique is able to equalize the soil nutrient availability and
the crop nutrient requirement, which can increase nitrogen use efficiency (over 15% increases have
been observed), by increasing crop yield and reducing N losses. Precision fertibffatismpotential

for reducing ammonia and GHG emissiohke technique is used in practice, but not yet widely
applied, due to the required investments in machinery. Most studies on variable rate application focus
on the reduction in mineral fertilisergnly limited research has been carried out on the effect of
variable rate application of-€Gch products (e.g., solid manure, compost, carsimh digestate) and

the effects on soil carbon.

Mixed farming systems provide better resource utilization (emergy, nutrients, land use) than
specialised farming and offer potential to improve nutrient cycling within the farm or region. However
due to continuous specialisation, the share of mitadning holdings has decreased over the last
decades. Most mixed fening systems are found in central European countries. Few research has
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focussed on quantifying the effects on CNP flows in the mixed farming systems compared to more
specialised farms.

To synthesise this literature review, the different practices anthigques have been qualitatively
assessed on their potential i) to reduce the use of primary resources, i.e. rock phosphate and fossil
energy (related to energy use and production of mineral N fertilizers), ii) reduce emissions to the
environment, which réers mainly to nitrogen emissions to air and water, and iii) increase soil organic
matter, which contributes to climate change mitigation and improves soil quality. Based on the
literature review each of the current practices and techniques has been &ssgsterms of positive

effect (+), negative effect)or no effect (0), se€able S.1

TableS1. Summary table of effect of practices/techniques to improve CNP cycling on four main indicators

Practice/technique Reduce Reduce Reduce Increase
primary fossil emissions to Soil

resource P energy environment  organic
matter
Emission reduction in animal productio

Low N and P feeding strategies o/+ 0/+ + 0
Stable adaptatios 0 0/+ 4+ 0
Manure acidificatio 0 + + 0
Manureapplication techniques 0 0/+ 4+ 0
Manure processing
Anaerobic digestion 0 + +/- 0
Mechanical separation O/+ 0 0 0/+
Membrane filtration 0/+ -1+ 0 0/+
Composting -/0 -/0 -/0 +
Incineratian 0 -1+ 0/+ -
Nitrification ¢ denitrification 0 - -[+ 0
Stripping/scrubbing 0 -[+ + 0
Precision fertilisation 0/+ + + 0
Mixed farming 0/+ + + +

The table shows that there is no practice/technique that scores positive on all four indicators. To reach
optimal circularity of CNP a combination of practices and techniques will be required, which address
the different components of the manure managemaettain, i.e. animal feeding, animal housing,
manure storage and manure and fertilizer applicati@verall, we can conclude that already a wide
range of technigues and practices to improve nutrient cycling are available and to different extent
used in Eurpean farming.

In regions withhigh livestock densities antanure surpluses the use of manure separation, where
possible in combination with anaerobic digestion, can be useful to provide a better balance between
demand and supply of nutrients, and reduttee volume of exported manurelncineration and
nitrification-denitrification of manure cannot be considered as techniques that fit in circular
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agriculture. Other regions that are more relying on inputs from mineral fertilizers, should try to
increase thenput of organic matter to the soils and make use of precision fertilization, which currently
is mainly used for mineral fertilizer application. Mixed farming seems to have a higher nutrient use
efficiency, lower emissions and higher and increased levelsoib organic mattercompared to
specialised farming systems, although available literature is limited. Mixed farsngogrently mainly
practiced inCentral Europe. Instead of going back to the traditional mixed farming systems,
cooperation between livetock and arable farmers in a region can be a good alternatiwarts
improved nutrient cyclingwith a more local exchange of feed and manure. The solutions developed
in Nutri2Cycle should enhance such a collaboration.
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1. Introduction

1.1 Background

Nutri2Cycle is a H2020 EU project and aims to enable the transition from the current (suboptimal)
nutrient management in European agriculture to the ngeneration of agronomic practices,
characterized by an improved upcycling of nutrients and organicocarThis will help to decrease
greenhouse gas (GHG) emissions, reduce soil degradation, improve water quality, and reduce the EU
dependence on imported nutrients (especially phosphorus).

In the Nutri2Cycle project a range of solutions are develagpadngfive research lines: 1pnovative

soil, fertilisation and crop management systems and practices for enhances N, P efficiency and
increased soil OC content, A)bstituting primary resources by biobased prodyd$ rovel animal

feeds poduced from agreaesidues, 4) inovative management systems, tools and practices for
optimized nutrient andSHGmanagement in animal husbandry, andt&dls, techniques and systems

for higherprecisionfertilisation. The shortlisted solutions have beeelected anddescribed in
Deliverables 2.1 and 2.2 of the Nutri2Cycle project and are currently further elaborated in WP2. The
effectiveness of these solutions in reducing emissions and improve nutrient cycling will be assessed in
WP3 using emission models and lifeleyassessment approaches and emission models.

Some of the shortlisted solutions in Nutri2Cycle are still at low technology readiness level (TRL) and
not applied in practice yet, but other solutions have a higher TRL and are already applied in practice
in some EU countries. Besides there are existing practices that contribute to improved CNP cycling,
which are in some countries already widely applied, and not specifically investigated in Nutri2Cycle,
but should be taken into account for an integrated aneyen the potential for closing CNP cycles.
Therefore the impact of existing management practices and techniques on CNP flows should be
known. For the assessment of the impact at larger scale, the degree of implementation of these
solutions shouldalsobe estimated. Therefore it is required to know where these solutions could be
effective, to what extent these or similar practices already are applied, and how current nutrient
management techniques and practices effect CNP flows.

Techniques and systems thatimulate sustainable agricultural practices developed rapidly over
recent decades. This literature review gives an overview of current techniques and systems that are
being used to improve cycling of CNP flows within Europe. Taking the nutrient flowmEltairel.1)

as a starting point, nutrient losses, in terms of GHG and ammonia emissions, and leaching, can be
reduced at the source. Animal productiean become more sustainable through, for example, low
emission feeding and filtered housing systems. Losses can also be reduced at the manure storage and
processing side, for example, improving the recycling of nutrients through manure processing plants.
A third way of reducing CNP losses is through the use of best management practices during the
application ofcarbon ), N and P to arable lan@hisreport focusses on the techniques and systems

that are currently being used and the implementation of ithih Europe, and the (potential) effect

of these techniques and systems on CNP flows and nutrient use efficiency, and the level of
implementation.
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Figurel.l Schematic representation of the nutrient fldvaio (Hou, 2016). Solid arrows show the main nutrient
flows and the dashed arrows show possible losses of nutrients to the atmosphere and to groundwater and surface
waters.

1.2 Overview EU farming systems

In Europe a large diversity exists in the farmingeays and their distribution. Their distribution can

be partly explained by environmental conditions, such as climate and soil types. For example the wet
areas in Ireland and the peat meadow soils in The Netherlands are not suitable for arable crops, but
can be used for grassland. Therefore these regions have a high share in dairy and/or beef production.
In the Mediterranean areas, where low rainfall limits arable crops and grassland, perennial crops often
can be grown. Also economic or logistic reasonsesqofiain the distribution of certain farming types.

For example, pig production is often concentrated in regions close to urban consumers to safeguard
supply of fresh meat and close to ports to facilitate trade of feed and meat. Examples of these regions
are Bretagne, serving the Paris area, the south of the Netherlands serving the Amsteatsrdam

area and the Ruhr area in Germany, and Catalufia serving the Barcelona area (van Grinsven et al.,
2018).

In the Nutri2Cycle project six main farming systenss distinguished, which ararable crop farms,
permanent crop farms, cattle farms, pig farms, poultry farms and mixed crop livestock &eenalso
N2C Deliverable 1.2Figurel.2 shows the distribution of these main farmingsystems, based on
Eurostat data from the @LO Farm System Survey.
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Figurel.2. Share of farming systems expressed as percentage of the total agricultural land, for arable crop farms
(A), permanent crop farms (B), cattle farms (C), mixed farms (D), pig farms (E) and poultry EzatasqEgrived
from the Eurostat 2010 Farm System Survey. Data for Bulgaria, Romania and Croatia were missing in the available
data set. Note that some of the intensive pig and poultry regions (e.g. South of the Netherlands) are not well
shown, as the distribution is exsed as the share of land, which do not cover the landless farms

1.3 Objective

The objective of this report is to provide literature review orthe effects on CNP flows of these
existingmanagement)techniques that improve CNP cyclingrhis objective contributes to the
establishment of the baseline of the Nutri2Cycle project against which the solutions from Nutri2Cycle
will be assessed.

1.4  Outline of the report

The literature review on current techniques and systems that improve the cycling of CNFrflows
agricultureis dived in four sectionsSection 2 focusses amission reductiortechniquesin animal
production Section 3 on the differentnanure processing technique§ection 4 onprecision
agriculture and precisiofertilisation, andSection 5 orhe existingmixed farming systemsiven the

range of practices and techniques and the wide range of scientific papers and reports that are already
published on these topics, we have made a comprehensive review with the main focus on the effects
on CNP fiws of these different practices and techniqu&gction Grovides ashort synthesis of the
overview of currentnanagemenpracticesandtechniques in EU agricultuand the implications for

the Nutri2Cycle project

. . _ _ b This project has received funding from
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Besides the literature review, a smallirvey was performed to obtain a first oweew of current
practices and management techniqudsis survey was anquestionnaireamong thepartners in the
Nutri2Cycle project. The recipients were asked to provide a brief description of the farming system
respond to several specified questions on regular farming practices and fill in a table that featured
several management practices to improve nutrient cyclifige results of this limited survey shows
that farming systems and their practices differ \asamong and within countries, and these
differences depend on location, climate, soil types, historical legacy, laws and regulations, and other
factors.Many common practices or measures used to reduce N, P, and C losses and ahgedahe
cycles aralready applied. Given the limited number of respondents and the differences that might
also occur within countries, we decided to not include this survey in the main report, but still report
them as an Annex to this Deliverable.
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2. Emission reductiom animal production

The increasing production of livestock products in some regions has led to an overproduction of
manure and the necessity of transporting manure to other areas, where nutrients are necessary.
Unfortunately, there are several issues relatedhe use of untreated animal manure, like the nitrate
(NG or P leaching, presence of pathogens and medicines, and increased greenhouse gases (GHG)
and ammonia (N} emissiongBirkmose and Vestergaard, 2012; Hassouna et al., 2017; Piveteau et
al., 2017; Regueiro et al., 2016&hese issues reduce the manurdifezer value and make it difficult

or unappealing for farmers to use. Gaseous emissions from animal production are a major concern, as
emission of N&l CH and NO and NQ may affect both human and animal health, as well as the
environment. Farmers neeid implement mitigation techniques to decrease gaseous emissions from
agriculture.These échniquesand practices comprisi and P feeding strategiestable adaptations,
manure treatmentanduse of effective manure application techniques.

Even though everal effective techniques and practices to reduce gaseous emissions, such as slurry
injection, are currently used by farmers, further mitigation of emissions warrants more efforts
throughout the entire farm cycl@Hassouna et al., 2017yor example, during storage the mitigation

of NH; emissions should be based on the following principles: i) decreasing the contact area of manure
and air, for example by covering or crusting, ii) lowering the manure pH, and iii) minimizing
disturbances like aeratiofEconomic and Social Council, 2014)other approach to minimise the
environmental impact of slurry applications s first treat the manurebefore soil application
(Fangueiro et al2017) either to increase its nutrient efficiency or to create separate products with
different nutrient contents

Some of the techniques are easier to implement than others, a simple change in airflow or bedding
materials in animal housing, for exaraptan effectively reduce the NEmissions. During the storage
phase, a variety of solutions can be implemented, such as slurry acidification, anaerobic digestion, the
use of nitrification inhibitors or air scrubber, which, in some cases, can reducdhzoli and GHG
losses. These treatments aim to reduce environmental problems associated with the use of manures,
which avoid human and animals health problefis et al., 2016) However, even though all of these
technigues are available, only a few of them are implemented at farm scale and there is still some
reluctance to use some of these solutigiiangueiro et al., 2011)

2.1 Low N and P feeding strategies

Adaptation of feethg strategies can lead to lower N and P excretion and decreasen@ssions, and

therefore contribute to reduction of CNP losses to the environment. The application of these
strategies is often feasible for farmers and the strategies can be adaptedfeoedit situations, by
F20dzaAy3a 2y @GFNAR2dza | aLSOGa 2F GKS FyAYlfQa RA
additives)(Philippe and Nicks, 2015)

There are plenty of research studies that focus on feed adaptations an theit effewutrient (N and
P) excretion and GHG emissions for a variety of animals (i.e., ruminants angmiorants)(Adegbeye
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et al., 2019; Ferket et al., 2002; Grafia et al., 2013; Mathot et al., 208t al., 2017; Philippe and
Nicks, 2015; Prasai et al., 201Bable2.1 presents some of the strategies and their effect on nutrient
excretion.The feeding strategies for reducing N and P emissions might fit in three categories, namely:
management techniques, nuént technologies and additive strategies.

Table2.1 Potential impact of nutritional strategies on excretion of nitrogen and phospBause: Ferket et al.,
2002; van Heugten and van Kempen, 2000)

Improve feed efficiency 3% for every 0.1 unit in improvement
Minimize feed wastage 1.5% for all nutrients for every 1% reduction
Match nutrient requirements 6-15% for N and P

Phase feeding 5-10% for N and P

Splitsexfeeding 5-8% for N

Phytase 2-5% for N; 2660% for P

Formulate on nutrient availability 10% for N and P

Replace protein with amino acids 9% for N for every 1% reduction in crude prote
Highly digestible feed ingredients 5% for N and P

Pellet theration 5% for N and P

700-1000 micron particle size 5% for N and P

Enzymes: cellulases, xylanases, etc. 5% for N and P for appropriate diet

Growth promoting feed additives 5% for all nutrients

Lowphytate corn 25-50% for P

Management strategies

Animal feeding management involves a series of strategies that aim teuirieg the diet to the

animal needs (e.g. phase feeding, improvement efficiency, reducing feed wastage, closely match
nutrient requirements, and splitting diet per sex). Both phdseding and matching nutrient
requirements can use low N and P strategies to emission reduction. Phase feeding is a type of
management that delivers more precision to nutrient requirements of animals diet needs, resulting in
better nutrient efficiency andower excretion amounts of potential excess of nutrients in effluents
which can cause environment pollution and economical losses. Besides, phase feeding is a technique
to study new forms of diet§Ferket et al., 2002; Grafia et al., 2013; van Heugten and van Kempen,
2000) In the same way, matching nutrient requirements may result in emission reduction. Sex
separation in diets has the advantage of being able to meet the nutrient requirements of the animals
more accurately and can thus contribute to lowering GHG emis¢i@get et al., 2002)
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Nutrient technology feeding strategies

Nutrient techrology feeding modifies the feed rations beyond merely selecting the type of feed or
balancing the diet. Instead, these strategies transform physical, chemical, or biological properties of
the feed products to achieve better results, and may thus reduce@aslosses. An example is the
palletisation of grains (e.g. soybean pell@pan Amburgh et al., 2019)hich can minimize waste and
improve feed animal conversion rat@-erket et al., 2002)Modelling and formulating provides
prediction on N and P excretion in slurry and dung due to nutrient availability needs. However, to
gererate the outcome for the N and P excretion the information on feed availability is ne&@ed.
Amburgh et al. (201%howed that a reduction by 14% of the N excretion can be obtained.

Low protein diets (input) lead to a significant decrease of N retkésetput) and consequently to
lower emissions from manure and dung. Every percent (absolute value) reduction in the protein
content of the animal diet can lead to a 5% to 15% reduction ipévkissions from animal housing,
dung storage, and land spreadind\nimal production systems that use low protein rations
consequently also reduce-@ emissions, and increase nitrogen use efficiéSantonja et al., 2017)

Research on feeding diets withe ideal protein concept (IP) in combination with feed additions of
phytase and minerals (IP+PHY+MIN) showed a reduction of 13% in N excretion. It also lowered
phosphorus, calcium and manganese release, and enhanced phosphorus mainté@eafiz et al.,

2013)

Additives strategies

Additives are more often used in many forms such as minerals, enzymes, fibres, hormones, acids,
antibiotics, probioticsplants extracts. These techniques have long since been around, and may now
be employed to reduce N and P excretion, as well as GHG emissions, either by themselves or in
combinations.

Mineral additives

Several mineral additives with impact on emission aeduwith different effects. Examples of these

are Cu sulfate, Fe sulfate, Ca iodate, Mn sulfate, Na selenide, Zn sulfate, organic Cu, organic Mn,
organic Zn, organic Mn, organic Zn, limestone, biochar, zeolite, bentonite, NaN&T{Grafa et al.,

2013; Niu et al., 2017; Prasai et al., 20Mineral additives are commonly used in animal production
(Niu et al., 2017)Poultry manure from birds fed with rations that included biochar, bentonite, and
zeolite had moisture retention and granulation properti@rasai et al., 2018A study compared
manure from conventinally-raised layer and broiler poultry and found differences in nitrogen,
carbon, and water content in manure when diets were supplemented with three different
concentrations (1, 2, 4%) of biochar, bentonite, and zeolite. The increase in manure pH augtat le
ammonia loss in the manure after 35 days considerably elevated for biochar and zeolite ~5% N in the
biochar and zeolite samples related to control and bentonite samples. Future fertilization can benefit
from biochar due to capability of produce théghest bulk sized granules-2mm) even though this
benefits and reduction of costs, the use of organic biochar is just economically feasible for pastured
poultry production in higkquality marketgRothrock et al., 2019)
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Enzymes, hormonesnd growth promoters additives

The enzyme phytase can be added to the diet of monogastric animals to break down P from phytic
acid (phytate), one of the most common organic P forms. As a result this can significantly increase P
uptake and utilization andaduce P depletion in the animglSantonja et al., 2017RAlternatively, low
phytate feed can provide an alternative route to reduce P excretion, by selecting for plants with lower
phytate content(Ferket et al., 2002; van Heugten and van Kempen, 2000)

Commonly in animal production hormones are used and excreted into the environment. During the
application of manure those hormones can be released into the production system, the air and water.
Endocrine waster might affect local fauna by interfering vdipulation diversity indicatoréAMEC,
2014) In contrast with this, plant hormones show potential to reduce nitrous oxide emi¢Biicet al.,
2016)

Plant additives

Plant additives, also known as phytogenic feeditades, resemble plant components and are capable

of enhancing effectiveness in various animals, acting in their microfloraQeeganum vulgareRiper
Nigrum Syzygium aromaticunt hymus vulgarisrucca schidiger@andQuillaja saponarigSantonja et

al., 2017) These plant additives have been used in the animal production for a long time and strategies
have appeared for solving old and new problems such as reducing emissions in anidogtipro
(Adegbeye et al., 2019; Ferket et al., 2002; Philippe and Nicks, 2015; Snapp et al., 2005)

A study in poultry production showed tha&chyranthes japonica&xtract supplementation led to
mitigation of gas emissior{®ark and Kim, 2019) promising plant additive ¥ucca schidigeravhich
reduces Clland NO emissions, as well as N excretion in urine and dung. Demonstrated benefits were
a lower concentration of total ammonia nitrogen and nitrate, which led to improved water quality in
fresh and marine aquaculture water. On the one hand, this study indicttaedYuccacould be
included with conclusive results in the nutrition strategies of sheep, cattle, horses, goat, fishes, rabbit,
and shrimps. On the other hand, this review indicates gaps to in vivo studies of Yucca in swine rabbit,
horses and even poultffAdegbeye et al., 2019; Philippe and Nicks, 2015; Santonja et al., ZB&7)
evidence forYuccas inconclusive however. As stated in a revidwccahad no significant effect on
GHG emissions. Still, the study suggests that novel nutritionalregpsihould be tried in the future, as
they apparently can reduce emissions success{@hjlippe and Nicks, 2015%everal other studies

with a wide range of animal production systems found emission reductions after ¥sicmpas an
additive (Adegbeye et al., 2019)

2.2 Stableadaptations

Ventilation

Ventlation is one of the parameters considered and can not only aid in increasing animal welfare, but
also in reducing NHemissions(Economic and Social Council, 201Bdr example, the use of
automatically controlled natural ventilation can decrease the emissions by 20% as the result of the
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lower temperature and air velocitie@ittman et al., 2014)If air velocity and temperature of the
housing are controlled emissions, especiallysNé&an be reduced. Nevertheless, this is easy to
implement at pig or poultry farms since the air circulation is forced, but in cattle housing, the airflow
is usually natural and does not have an air control sygi@tman et al., 2014)

Air scrubber to reduce ammonia emissions

Air scrubbing is a technique used to remove the Kéin the air through forced ventilation in animal
housing. There are two methods of air scrubbitige chemical and biological scrubbers, which have
different removal efficiencies. The chemical scrubber can remove up-89%9of the NElpresent in

the air, whereas the biological scrubber has a maximum efficiency of V@poder Heyden (2017)
extensively reviewed the implementation of airrgbbers at animal housing systems, reporting
numerous examples of air scrubbers at pig and poultry housing facilities. The authors repogted NH
recovery efficiencies at poultry and pig farms in the range of-40086(Van der Heyden, 2017Air
scrubbers can be very efftive, but the cost associatedith its implementation is one of the
disadvantages, and the main reason why it is not that instigésattinan et al., 2014)n conclusion,

air scrubbers have a direct effect on N removal from air (up to 100%). No effects are reported on C
and P flows.

Bedding

Animal housing is one of the greatest sources of &hissions from agriculture, contributing 35% of

the total NH emissions in Europ@Silhespy et al., 2009Previous studies indicate that the bedding
material has an effect on the Nigmissions, but there is still little information available concerning
this subject. The different bedding materials may influence the emissions in diverse ways. One
parameter that may be important is the physical charaistiic (urine absorbance capacity, bulk
density), which results in a distinct way the urine drains through the bedding. This aspect is important
since there is a direct relationship between the emissions and the urine, the emissions will be reduced
when the urine is kept under the bed material, protecting it from air contact and consequently
decreasing the emission of MHEven though the physical characteristics are more determined on the
NH; emissions we can discard the chemical characteristics (pH, aatidrange capacity, carbon to
nitrogen ratio), and indeed some more explanatory essays should be conducted concerning the
influence of the bedding materia(8ittman et al., 202).

In some studies, at lab scale, different materials were tested to evaluate the effect peniN$sions

from dairy cattle urine, in which it was concluded that the presence of bedding material can indeed
reduce the NkBlemissions in cattle housingy & study byChambers et al. (2003) 30% reduction on

the NH was reported when stravbedding was used comparatively to slurry without straw in cattle
housing.

2.3 Manure acidification

Slurry acidificatio appears a solution to reduce ammonia emissions, by strongly increasing ithe NH
NH; ratio (Fangueiro et al., 2015b; OwuSwum et al., 2017)This method uses a number of additives,
the most common is sulphuric acid, to reduce the pH of manure tb & @edersen et al., 2017)he
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use of sulphuric acid may lead to problems regarding the gafighe handler, so some other additives
have been considered, but none have achieved the efficiency of sulphuric acid.

The slurry acidification can lead to 1) reduction of the GHG and ammonia emi@djorih et al.,

2015; Wang et al., 2014nd 2) reduction of pH of slurry which inhibits activity of bacteria responsible
for the nitrification of NH" (pH that maximizes the nitrification is 78 and keeps N longer available

for crops ad less susceptible to leachifigangueiro et al., 2015a; Park et al., 20E)en though the
delay on N nitrification can be beneficial since plants have N available for a longer period due to the
slow release of this nutrient, it can also lead to N immobiliza({Bangueiro et al., 2A5bb). The
acidification can increase the solubility of P, but it does not mean it will be more available to plants
(Pedersen et al., 2017; Piveteau et al., 2017}Yerms & inorganic carbon, most of it is lost during the
process of acidificatioFangueiro et al., 2015b)

This treatment seems a good solution to restore the slurry fertilizer value and slurry can be applied
without posterior incorporation. For examplBedersen et al. (201 6pbserved an increase in the dry
matter (DM) yield m sandy soil with slurry acidification with pH 3.8, compared to the control
treatment. Another study showed that when using acidified slurry as a fertilizer, more than 40% of the
present NH*-N was taken up by the crop (ryegra@3antelopoulos et al., 2017This technique may
therefore solve two problems: i) the delay on the nitrification that will valorise the slurry fertilizer
value while reducing the ammonia emissions; and ii) reduction of the GHG emiB&tesen et al.,

2014; Wang et al., 2014 oncerning NEIWang et al. (2014pund a maximum efficiency reduction

of 92% andPetersen et al. (2012eported a acrease of 96 to 99% of the emissions using slurry
acidification with sulphuric acid. For ¢£Heduction in emissions from slurry acidification during
storage the efficiency obtained was between 67 to 87%, due to inhibition of bactetihanogens
activities(Petersen et al., 2014, 2012; Regueiro et al., 2016b; Wang et al.,.2014)

Currently, this is a technique applied at farm scale in Denmark and in some countries of North and
Eastern Europe. The lower implementation rate may be due to the handling of concentrated acids,
which requires more careful handling of the slurry, but afsadditional training of employees. It is

still unclear what the long term effect of the application of acidified slurry is on the soil.

2.4  Manure application techniques

Best practice in manure spreading techniques points out that-davission manure apmations
follow at least one of the next fundaments: (i) diminishing the area of the contact of soil and manure
where emissions occur, i.e. through band application, injection, incorporation; (ii) diminishing the
period between application and a reducinggion, i.e. through rapid incorporation of manure into

the soil or immediate irrigation; (iii) diminishing the cause power of the emitting surface, i.e. by
reducing the pH and NH4+ concentration (through diluting). This literature review shows some of the
best available practices to reduce N losses to air and water through changes in manure storage and
spreading techniques (including equipmentpnble2.2 and Table2.3), as well as spreading practices
including spreading quantities, area and timing. These include options for diffexialy lof ambition
(AMEC, 2014)
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Table 2.2 Summary of best practices undeiffdrent ambition evels (AC) (Source: AMEC Environment &
Infrastructure UK limited (2014)

Manure spreading Target NHemission Target NHemission Target NHemission
technique and reduction of >60% reduction of >30% reduction of >30%
incorporation (slurry application) and = (slurry) and >30% (solid (slurry) and >30% (solid
>30% (solid manure . )
application). Technlgues: Slurry: bani Technlques: S'I'urry: bant
spreading (trailing hose spreading (trailing hose
Techniques: Slurry: or trailing shoe) or trailing shoe)
injection (grassland, (grassland)/ with (grassland)/ dilution /
arable)/ band spreading incorporation within 4h = management system
with incorporation (arable) with incorporation
within 2h (arable) o within 12h
Solid: diect
Solid: direct incorporation (within Solid: direct
incorporation(within 12h), where feasible incorporation (within
4h), where feasible (applicable on arable 24h), where feasible
(applicable on arable land only) (applicable on arable
land only) land only

Table2.3 Best Available Tealyues (BAT) on larsghreading equipmenaihd

Grassland and = Trailing hose 30% this may = Slurry Slope (<15% for tankers; <25% 1

land with crop  (bandspreading) be less if umbilical systems); ndor slurry

height below - applied on that is viscous or has a high stra

30cm il grass height content, size andhape of the
>10cm field are important

Mainly Trailing shoe 40% Slurry Slope (<20% for tankers; <30% 1

grassland (bandspreading) umbilical systems); not viscous

slurry, size and shape of thelfie
are important

Grassland Shallow injection 60% Slurry Slope <12%, greater limitations
(open slot) for soil type and conditions, not
viscous slurry

Mainly Deep injection (closed 80% Slurry Slope <12%, greater limitations
grassland, slot) for soil type ancconditions, not
arable land viscous slurry
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Arable land Bandspreading and = 80% Slurry Incorporation is only applicable
incorporation within 4 for land that can be easily
hours cultivated, in other situations BA’
is bandspreading without
incorporation
Arable land Incorporation as soon Within 4 hours: = Solid pig = Only for land that can be easily
as possible but at leas 80% 12 hours: | manure  cultivated
within 12 hours 60-70%

Source: Best Available Technology Reference Document [BREF] (2003). It shadd eah two Member States did not
support the conclusion that bandspreading of pig slurry on arable land followed by incorporation is BAT and expressed a
view that applying bandspreading on its own is a BAT. Furthermore, in their view, incorporatiam 24thours is Best
Available Techniques.

References developed in the name of the European Union are released and actualized along the time
in regard of manure application e.g.: Best Available Techniques (BAT) Reference Document for the
Intensive Rearing of Poultry or Pigs. Industrial Emissiaestivie 2010/75/EU (Integrated Pollution
Prevention and Control) it has information in regard of techniques for the reduction of emissions from
manure land spreading (BREF, 2003; BREF, 3ah&nja et al., 2007

Application methods that lead to greater contact between the manure and the sail, such as direct
injection, bandspreading, and broadcasting ultimately affect the distribution of crite@bts of
manure. Mainly the methods of manure distribution were described for methods of injection and
surface applicatior{Petersen, 2018)The type of fertilizer, the rate at which it is applied, and the
technigue used all influence the amount of Nbtiginatingorganic fertilizers (i.eslurry and manure,
digestat, poultry manure). Emissions also depend on temperature and on the time between
application and incorporatiofPeter et al., 2017)
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3. Manure processing

Manure treatment technologies can greatly contribute to reduce greenhouse gas (GHG) emission and
improve the cycling of carbon (C), nitrogen (N) and phosphorus (P) flows (Awasthi 2019;
Weiland, 2010; Hoet al.,2017). Hereinaftersevenmast promising technologies, currently applied

in Europe to process manure, are highlighted. The described technologies are analysed based on their
effect on CNP flows and efficiency of nutrient recovery. Finally, a more detailed level of geographical
implementation for each technology is described. The technologies are described individually,
however, in practice manure processing typically entails a subsequent cascade of described
technologies.

3.1 Anaerobic digestion

Description of the technology

Anaerobic digestion (AD) is a naturally occurring process during which microorganisms convert
complex carbon (C) polymers into simpler inorganic moleayle®thane (Ck) and carbon dioxide

(CQ) ¢ in the absence of oxygen. AD is capable of processingadbrange of substrates such as
animal manure, sewage sludge, the organic fraction of municipal waste, different types of agricultural
residues, food waste, fruit and vegetable waste, slaughterhouse waste, etc. Compared with aerobic
processes, the convemi of organic substrates via AD has a low energy demand which results in
energyrich intermediate (volatile fatty acids, ethanoly)Hnd final products (CH(Angelidaket al.,

2011).

The four key stages of AD involve hydrolysis, acidogenesisgaetesis and methanogenesiBigure

3.1). A trophic chain of specific microbial flora comes into play during each of these steps converting
the intermediate products from one stage to products that can be used as feedstock to
microorganisms in the next stage, until the final prodgtiogas- is reached. During the initial stage

¢ hydrolysisg¢ organic macromolecules are broken down into smaller soluble mi#ecwhich can

then pass through the cellular membrane of the microorganisms and be used as a source of energy
(Zeikus, 1980). Through fermentation, solubilized monomers are transformed during acidogenesis into
volatile fatty acids. During acetogenesise tintermediate metabolic products from hydrolysis and
acidogenesis are converted to Cptecursors: CHCOOH (acetate), G@nd H (Tholen and Brune,
1999). During the final phase methanogenesig; the precursors are transformed into biogas by
methanogent archaea via 2 metabolic pathways (Thaetesil., 1977):

The acetotrophic pathway: GHOO+ HIhH /4++ CQ
The hydrogenotrophic pathway: HE®@ 4H+ HIH /4 + 3HO
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Complex organic matter
(carbohydrates, proteins, fats)

Hydrolysis

=

Soluble organic molecules
(sugars, amino acids, fatty)

Acidogenesis

=

Volatile fatty acids
(carbon acids, alcohols, hydrogen,
carbon dioxide ammonia)

Acetogenesis

Carbon dioxide

Aceti id
cetic aci ERdroaen

I3

Methanogenesis Methanogenesis
(acetotrophic) (hydrogenotrophic)

Methane (CHy)

Carbon dioxide (CO,)

Figure3.1 Main steps of the anaerobic digestion process (Fardin et al., 2018)

Biogas typically contains about-80% Chkland 3640% Cg& and can be used for the production of
electricity and heat. It can also be upgraded further into biomethane for injection into tisérexgas

grid and for biofuel production. Optionally, the &&n be recovered for use in greenhouses or the
beverage industry. This constitutes an additional source of income for plant owners, and is therefore
gaining more and more attention from stakalders in the AD sector (Shit al. 2019).

During AD, certain quantities of maeid, P, Ca, C, S) and microelements (Fe, Cu, Mg, Zn, Mo, Co, Ni,
Se) are metabolized by the microorganisms. Previous studies have shown the optimal ranges of such
nutrients for biogas production, usually expressed as Chemical Oxygen DeggpantCORgo2x)
INmgn/Pmgi. and C/N ratios. Recommended COD/N/P values generally range from 600/7/1- (Mata
Alvarez, 2002) to 700/7/1 (Syaichurrozi and Sumardiono, 2013), while the @& vahge between

20 and 30 (Fricket al., 2007).

Aside from the production of renewable gas in the form of biogas or biomethane, the microbial
breakdown of organic feedstock during AD leads to another product of interest, namely digestate: a
partly digested organanineral residue in liquid or solid fornigestate retains most of the original
nutrients (NPK) contained in the input materials while also increasing the mineral -gMaitble)
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fraction of these nutrients (Arthurson, 2009; Insatral., 2015), which makes it an interesting product
for agricutural application as a fertiliser and/or soil improver. Complex organic N compounds are
mineralizedto Nffmb  RdzZNA Yy 3 GKS 15 NBI O0ANtga Nt thanknits ST Ra
undigested counterpart, and consequently to a possible high@ient use efficiency. In this way, up
to half of the Mrg contained in the feedstock can be mineralized gN#) as depicted ifigure3.2.
The same holds true for P as a significant partafyis converted to labile P (Grigati al., 2015)
with reported values of up to 55%rfrganicin digestate (Moelleet al., 2018). Thipositions AD as
a strategic technology both for energy recovery and for converting nutrients (NPK) contained in the

raw materials into more soluble forms, resulting in a higher NUE. Digestate also has a lower C/N ratio,
as some C is removed in the formbabgas.

Undigested manure Digested manure

Nore )

Norg Rapidly available
N via nitrification

NHa

Figure3.2 Schematicepresentation of the mineralization pattern of N and ensuing higher nutrient use efficiency
when digested anaerobically (adapted from Valbiom, 2012)

However, owing to thevide array of feedstock used for biogas production and the process parameters
of the fermentation, exact fertilising value of digestate is difficult to predict (Sagh, 2018; Zirkler

et al., 2014). For example, even an organic manure with a sinfidraio is likely to be mineralized

in a different rate, due to the differences observed in chemical composition of various types of manure
(Mdéller and Mdller, 2012). In general, AD converts between 20 and 95% of organic matter (OM)
present in the initiafeedstock into biogas (Git al., 2019). Though the exact value will depend on the
type of feedstock and the presence of recalcitrant polymers (such as lignin).

An overview of CNP flows in the technology

Figure3.3 shows a simplified diagram of CNP flows from digested manure, which is subsequently
mechanically separated (see section 3.2.2) into a liquid fraction (LF) and a solid fraction (SF)eEhe valu
are indicative and are based on estimates from Baiel. (2009) and G#t al. (2019). These studies
have estimated that on average -B0% of OM is removed in gaseous form: from this,76% is
converted to Chk] and the rest to CO The other 2B0%remains in the digestate and contains the
recalcitrant C, out of which 600% goes to the SF of digestate, ané48@ to the LF in the case of
subsequent mechanical separation. For the sake of clarity, it is considered that N, P and other macro
and microdements, which were initially present in the feedstock, are all retained in the digestate.
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Figure3.3 Schematicepresentation of CNP flows from digested manure
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Geographical representation of the technology and farming systems
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Figure 3.4). This category encompasses all substrates related to agricultural production: manure
(mostly from cattle and pig3, straw, harvest residues, catch or cover crops but also energy crops. A
closer look at the national level reveadsmore contrasted pictureHigure3.5), since the types of
feedstock which are given priority by national authoritiegricultural substrates, sewage sludge from

1 To a lesser extent alsnanure from sheep, goat and poultry
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wastewater treatment plants, municipal or household waste, industriabtmducts, landfill waste
can sometimes vary significéynfrom one country to the other.

m Agriculture Sewage ™ Landfill = Other = Unknown

Figure3.4 Relative use of feedstock types in Europe according to the number of biogas plants (EBA, 2020)
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Figure3.5 Feedstockuse (excluding landfill) for biogas production in 18 European countries, expressed as a mass
percentage (EBA, 2020)

In sheer number of biogas plants, the European top 5 in 2018 was held by Germany (11,084 plants),
Italy (1,655 plants), France (8®fants), the United Kingdom (715 plants) and Switze2a(G84

2 Tailed by the Czech Republic with 574 plants.
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plants) (EB, 2020). As depicted Figure3.5x NR dzZ3Kf & KI f F 2 F otk8diderisese Qa RA
of energy crops, whereas the other half consists mainly of agricultural substrates (which includes
manure). In the case of the United Kingdom, agricultural substratescluding energy crops

contribute to a small part of the total feedsth@rofile (about 20%). In Italy, Poland and Denmark,

about 50% of the processed feedstock is from agricultural origin (excluding energy crops), whereas in
Switzerland agricultural residues amount to about 40% of the total processed feedstock.

Cow manured widely available resources and is the most commonly used type of manure in AD. The
main drawbacks of all types of manure are the low energy density and lignocellulosic nature, which
result in relativdy low biomethane yieldsT@ble 3.1). That is why caligestion of manure with
feedstock of higher cellulosic content is usually preferred in order to enhance biogas production (Ma
et al., 2017). Another problem encountered with manure is the low C/N ratio which can lead to
microbial inhibition and process failure, when used as a single feedstock. This is especially the case
with chicken manure which has the highest N content of all litesk manure (Hasseet al., 2016)-

but also for pig manure (Lymperatet al.,2017).

Table3.1 Total solids (TS), volatile solids (VS), total carbon (TC), total nitrogen (TN), C/N ratio and methane yield
of different types of manure (Akhiar, 2017).

Cow dung 9-29 7-20 26-42 1.25.1 6-24 136-302
Cow manure (mixed with 31 20 14.6 0.38 39 84
straw)

Liquid fraction of cow 5.8 4.2 ND 6.2 ND 206-223
manure

Pig manure 48 36 39 3.9 10 356410
Horse manure 2037 1731 - - 22-42 -

Rabbit manure 28 25 37.7 2.1 17.9 323
Sheep manure 54 49 30.3 1.4 22.5 99
Chicken manure 42-50 3545 1843 2.2-9.0 3.88.9 118377

France is thdiggest producer of manure in Europe, with an estimated yearly production of 214.3 Mt
(Scarlatet al., 2018). About 80% of the total digested substrate in France originates from agricultural
origin (70% when subtractingnergy crops) as shown iRigure3.5. This suggests an interesting
alignment between the quantity of manure, as an agricultural substrate, which is being processed
through AD and the constdable volumes of manure which are produced in France, although data
indicating the tonnage of manure which is being currently processed anaerobically is lacking. The
estimated yearly manure tonnage in other leading European countries is as follows: 15 Mt
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Germany, 112 Mt in the United Kingdom, 108.3 Mt in Spain, 91.3 Mt in Poland, 89.4 Mt in Italy, 69.4
Mt in Ukraine, 62.9 Mt in the Netherlands (Scadasl., 2018).

In total, livestock (cattle, pigs, sheep/goats) and poultry in the2Blgroduce an stimated 1,200 Mt

of fresh manure per yea(Scarlaet al., 2018). When considering suitable areas for biogas production
facilities - which would require high concentration of feedstock within an acceptable transport
distance to the AD plants and adequatad networks an estimated 860.7 Mt of fresh manure could

be collected and processed. This quantity of collectable manure leads to a conservative biogas
potential of 16 billion M which translates into 11,655 to 16,595 potential new biogas installations
(Scarlatet al., 2018). In 2011, an estimated 56 Mt of digestate (from all feedstock) was produced
annuallyin Europe (Saveyn and Eder, 2014) suggesting that, compared with the amounts of manure
currently being produced, AD still has considerable roongfowth.

Conclusion
The overall effect of the AD process on CNP flows can be summarized as:

9 Effect on Calthough the removal rate depends on the composition of the substrate (i.e. the
ratio between cellulose, hemicellulose and lignin), as an order ohihatg, approx. 7680%
of C can be expected to be converted into biogas under typical AD conditions. The remaining
undigested fraction is made up of recalcitrant C which ends up in the digestate. This
recalcitrant C has a high potential for being sequesddan soils.

9 Effect on N and:Rligested manure has higher agronomic qualities over undigested manure.
The partial mineralization of both N and P via AD allows for a higher nutrient use efficiency.

In the context of CNP flows, advantages (+) disdidvantages-) of the AD technology have been
summarized as follows:

(+)  AD can play a pivotal role in rationalizing high volumes of manure, especially in areas known
for intensive animal husbandry (associated with high nutrient leaching) and/or Nitrate
Vulnerable Zones.

(+) Nutrients of interest for the plant (e.g. N and P) that are contained in the initial feedstocks
(including manure) are partly mineralized during the AD process. As a result, the digested
materials present a higher NHN/total N and Rioganidtotal P ratios compared with
undigested materials.

(+) AD is a versatile technology that can fulfil several roles at once: energy production, nutrient
recycling, abatement, decarbonising. The environmental benefits of AD (e.g. C sequestratio
avoided C® emissions, renewable energy production, waste recycling) are in perfect

3 Average values from 2009 to 2013.
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alignment with European environmental policies (Circular Economy, BioEconomy, Green
Deal).

() AD still relies heavily on support schemes (state subsidies) for itdityiaVhile some
countries remain supportive, a general trend towards reducing incentives has been observed
in Europe in recent years.

() Market perspectives are still uncertain regarding both biomethane and digestate products.
Regarding the latter, ecmmic viability of such products has not yet been established. The
development of proper supply chains is still under construction.

3.2 Mechanical separation

Description of the technology

Mechanical separation of raw manure (or digestate) is carriedwitt the objective of separating
manure into two flows, a solid fraction (SF) and a liquid fraction (LF). This allesesmcgntration of
phosphorus (P) and organic matter (OM) in the SF, andoapentration of nitrogen (N) and
potassium (K) in the LF. kleanical separation is not only done as a-preatment to nutrient recovery
technigues, but is also considered to be an the performance of mechanical separation by reducing the
content of P in the interesting manure (or digestate) management techniqubeaSF (with a dry
matter (DM) content of about 280%) is a much more concentrated than the raw manure (or
digestate), and therefore the total transportations costs are lower for the SF.

Mechanical separation can be achieved by using a screw presspfitss, belt press, centrifuge,
grate, drum filters, etc. Addition of chemicals like flocculants/coagulants can improve LF, reduction of
water content in the SF, and by enhancing the capacity of separation equipment (eljaith2008).
Previous studiehiave shown that mechanical separation can also help to reduce odour emission
(Zzhang and Westerman, 199 5F and LF are preferably applied to arable land. Alternatively to direct
application, the SF could be composted or uas@ feedstock for incineratioor anaerobic digestion
(AD). SF is suitable for these processes as it is rich in OM and contains lower water (dptéatt

etal., 2007 andHjorth et al., 2009). On the other hand, LF can be further treated biologically (i.e.
nitrification/denitrification), evaporated, filtrated via reverse osmaosis, etc.

Centrifugation is considered to be the most effective separation technique, albeit, aerpemsive

one. In comparison to the screw press, centrifugation was found to be five times more expensive
(Mgller et al., 2000). Separation using a flocculation step is considered very effective, although
FIENYSNEQ FGGAGdZRS (2 gcbskRndolved lin olitainingh pdlfniedzSgdfich&t 6 & |
equipment, etc. (Popoviet al., 2017). Screen and filter belts are considered by some researchers to

be the best separation techniques performed on flocculated slurry (Hggiréh.,2011).

An overview of CNP flows in the technology
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When it comes to raw animal manure, mechanical separation is mostly agglipiy and cow slurries

(Table3.2).

Table3.2 Mean composition of different animal slurries collected from different sites with variations between them
(modified from Hjorth etlg 2011).

Sows 23+15 3.2+0.9 20x0.7 0.8+0.2
Finishing pigs 67 £ 26 7.5+£25 45+21 21+0.8
Dairy cows 82+24 3.7+x1.7 50+9.3 1.0+0.2

The microbial transformation of OM during the storage phase of the manure before separation affects
the N and P distribution between the SF and LF of the slurry. Based on the separation efficiency of DM
and P, mechanical separators are ranked as: centfag > sedimentation > nepressurized
filtration > pressurized filtrationTable3.3). Though N and N+ also follow the same pattern, the
separation €iciency is lower than that of P and DM (Hjodhal.,2011). The separation of nutrients
between SF and LF by using decanting centrifuglesarew press is shown Trable3.4 to give a clear

idea of the nutrients distributed in each stream.

Table3.3 Separation indexes (the mass of a compound in the solid fraction compared to the mass of a compound
in theoriginal raw slurry) of dry matter (DM), total nitrogen (TN), ammonium nitrogerNINBidd phosphorus
(P) for different types of mechanical separation (Hjorth et al., 2011)

DM TN NH-N P
Sedimentation 56 33 28 52
Centrifugation 61 28 16 71
Non-pressurized filtration 44 27 23 34
Pressurized filtration 37 15 - 17

Table3.4 Mean values of dry matter (DM), total nitrogen (TN) and total phosphorus (TP) in solid fraction (SF) and
liquid fraction (LF) (in ranges) after separation using a decanting centrifuge and screw press (Modified from Mgller
et al., 2002)

SF SF LF LF
Pig slurry Centrifuge 4.7-13 178-279 14-28 9.4-11 2.2-49 4.2-87 0.17-0.43
Pig slurry Screw press 0-4.2 344 21-43 6.6 3.7-5.0 21 0.91-1.2
Cattle Centrifuge  12-21 199-212 25-30 5.9-6.0 2.1-2.8 2.7-3.2 0.13-0.21
slurry
Cattle Screw press 2-5 250-365 40-46 4.4-6.0 2.7-3.8 1.6-2.0 0.47-0.63
slurry
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Table3.4 gives a clear indication on how mechanical separation by centrifuge can achieMetdries

higher concentration of DM, and 4.5 times higher concentration of P in the SF as compardd to i
values in untreated manure. In the case of screw press, the concentrations of DM and P in the SF were
higher by 4.7%6.47 and 1.68.38 times respectivelyMgller et al., 2002) The concentration of P
removal in this case is lower, which supports presgistudies that screw press is only efficient in the
removal of DM from manureMgller et al.,2000 and Paiet al.,1978)

Various chemicals like FeGte(SQ)s, AICY, Ak(SQ); and CaCgare added to manure to coagulate it.

In a study by Hjorthet al. (2008), flocculation enhanced the removal of P during mechanical
separation. This study concluded that at a polymer charge of 2.8 meg/kg manure corresponding to 0.6
g/kg of highly charged branched polymer or 0.85 g/kg of-tdéesged, linear polymeproduced an
optimum flocculation where 95% P was removed during separation using centrifugation, gravity
drainage and pressure filtration. The study also states how the addition of 10 mmol of ferric chloride
salt/kg manure could precipitate 2% more P. Ea@lts are considered the most effective additives
before mechanical separatioGarciaet al.,2011) The addition o278 mg * Fe from FeGtaused a
removal of 89% DM, 56% N and 88% P (BaetoaV.,1997).

Geographical representation of the technology and farming systems

Countries like Denmark, the Netherlands, Spain and Belgium have shown an interest in mechanical
separation, especially by screw press or centrifuge (Fangaeab,n.d.). According to the report on
livestock manure procesyy techniques in Europe (Fogetlal.,2011), 11,130 installations in the EU
used separation to treat 49 million tonnes of manure in 2011. This nhumber equals to 3.1% of total
manure production in the EU. These installations collectively treated 196 MtlSZ2Mt P. From total
11,130 installations, 10,935 are farsized, 120 small/mediursized and 75 largscale installations.

Most of the farmsized installations are based in Italy (8,800), while maximum small/mesiizeal

and largescale installations ar@cated respectively in Belgium (76) and Spain (53).

Different separation techniques are applied tidferent types of manure T{able3.5). Most often
mechanical separation is applied in pig and cattle farming. Separation by settling occurs under the
influence of gravity. In Flanders, mechanical separation by filtration is commonly used for separation
of manure. The undissolved components present in ttauare are removed using a perforated plate,
drum or woven cloth. The filtration in combination with pressing out of the separated parts, for
example, using belt/auger press can be done (Lemratas, 2007).

Table3.5 Types of mechanical separation used for different types of animal manure (Lemmens et al., 2007)

Type of separation Type of manure

Settling liquid sow manure with < 6% dry matter, liquid fracti
after mortar press

Straw filtration pig manure
Shaking sieve pig manure
Auger solid pig manure, cattle manure
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Sieve belt press pig manure

Centrifugation pig manure, cattle manure
There have also been some recent developments in the separation of manure at source, as a measure
of emission control. Vermeulen Construct (leper, Belgium), along with Beton Dobbelaere (Tielt,
Belgium) has developed an innovative stabling system for meseparation, called the VeDoWS. The
VeDoWS system ensures efficient separation of animal excreta and urine, aiming to counteract the
formation of urease, which is harmful to both humans and animals due to the emission of ammonia
(NH). By using manure argjuid manure gutter with manure scraper, the VeDoWS stabling system
separates the drainage of manure and urine. Underneath the slatted floor, a shallow cellar is
constructed which enables the separation of urine and solid manure. Using a scraper,dhaalire
is removed from the manure gutter daily. This primary separation of manure in the cellar helps in
lowering the NH emissions, thus lowering the loss of N by volatilization (Vermeulen Construct). The
ratio of NH to TN in the separated urine is 8,8vith almost no P content in it.

Conclusion

The overall effect of the mechanical separation on CNP flows can be summarized as:

9 Effect on Calmost entire C (c. 95%) ends up being concentrated in SF in the form of OM,
depending on separation type.

9 Effed on N most of the mineral N will be found in the LF, with mineral N/total N ratio reaching
even 80% as compare to compared to raw animal manure with ratio of- 6@

9 Effect on Palmost entire P (above 95%) ends up being concentrated in SF irrthefd®M,
depending on separation type and the use of flocculants.

In the context of CNP flows, advantages (+) and disadvantggefstiie mechanical separation have
been summarized as follows:

(+) Separation, as a preatment for nutrient recoverydchnologies, allows further treatment
of separated flows with an aim towards individual recovery of nutrients

(+) Separation into Boor LF allows its use as a-féKtiliserin regions with Rrich soils
(+) Reduction in water content, thus reducing cost of transportation of SF

(-) Techniques like centrifugation are expensive and may not be favoured by many farmers

(-) Use of additives for flocculation/coagulation can increase the overall expense affiheation
technique
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