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Article 3, paragraph 8 (b) of the 1999 Protocohtmate Acidification, Eutrophication and
Ground-level Ozone requires each Party to “applyens it considers it appropriate, best
available techniques for preventing and reducingnama emissions, as listed |in
guidance document V (EB.AIR/1999/2, part V) adopbgdthe Executive Body at its
seventeenth session (decision 1999/1)", the updatgdidance document
(ECE/EB.AIR/WG.5/2007/13) and any amendments toeret line with the decision of
the Executive Body in 2008 to establish a Task &an Reactive Nitrogen (TFRN)
aiming at teveloping technical and scientific information,daoptions which can b
used for strategy development across the UNECEntmwage coordination of ai
pollution policies on nitrogen in the context oé thitrogen cycle and which may be used
by other bodies outside the Convention in constitemeof other control measuresthe
TFRN has updated the guidance document to providenzended text. The TFRN will
also organize a workshop on “The Costs of Ammoniatement and the climate co-
benefits”, scheduled for 25-27 Octobdrttp://www.clrtap-tfrn.org/node/94 and th
findings of this workshop together with other ugawill be reported to the #&essio
of the Working Group on Strategies and Review.

[. INTRODUCTION

1. The purpose of this document is to provide guidatz the Parties to the
Convention in identifying ammonia (N#Hcontrol measures for reducing emissions from
agricultural sources, taking account of the wholeogen cycle, and focusing on
livestock feeding strategies. This guidance widlilitate the implementation of the Basic
Obligations of the Protocol mentioned in Articlea® regards NHEmission, and more
specifically will contribute to the effective impleentation of the measures listed in
Annex IX, and to achieving the national Bl¢mission ceilings listed in Table 3
(amended version of December 2005).

2. The document addresses the abatement of éiissions produced by agricultural
sources. Agriculture is the major source of JNKhiefly from livestock excreta in
livestock housing, during manure storage, procgssneatment and application to land,
and from excreta from animals at pasture. Emissad®® occur from inorganic nitrogen
(N) fertilizers following their application to landnd from crops and crop residues,
including grass silage. Emissions can be reducexigih abatement measures in all the
above areas.



3. The first version of the Guidance document (EB.AB®9/2) provided general
guidance on the abatement of &NEmissions. This version was revised in 2007
ECE/EB.AIR/WG.5/2007/13). The current version isttier revised and addresses the
provisions in the proposal for revision of the ARAX of the 1999 Protocol to Abate
Acidification, Eutrophication and Ground-level Omo(Gothenborg Protocol). Following
a brief introduction to ‘livestock production andwtlopment’, this Guidance Document
follows the order of the provisions in the propdsalrevision of Annex IX.

4. In this document, strategies and techniques foabaement of Nglemissions and N
losses are grouped into three categories:

(a) Category 1 strategiesThese are well researched, considered to beigmhcind
there are quantitative data on their abatementieficy, at least on the
experimental scale;

(b) Category 2 strategieg hese are promising, but research on them isesept
inadequate, or it will always be difficult to quénttheir abatement efficiency.
This does not mean that they cannot be used asfoantNH abatement strategy,
depending on local circumstances.

(c) Category 3 strategieg hese have been shown to be ineffective or kedylito be
excluded on practical grounds.

5. Based on the available research, Category 1 tegbsigan be considered as already
verified for use in abatement strategies. Cate@oayd Category 3 techniques may also
be used in abatement strategies. However, for tbatgories independent verfication
should be provided by Parties using them in ordede@monstrate the reductions in NH
emissions that they report. It should be noted that of a technique isot part of the
definition of these categories. If a particularneicue is well research and effective it
may be classed as category 1. Information on degtsovided to support decisions on
the use of the techniques.

6. Separate guidance has also been prepared undbrteéigeated Pollution Prevention
and Control (IPPC) Directive to reduce a rangeadfuting emissions from large pig and
poultry units. The “Reference Document on Best halde Techniques (BAT) for
Intensive Rearing of Poultry and Pigs”, the BRERA{Breference) document, may be
found at: http://eippcb.jrc.es/reference/irpp.htnilhere is only partial overlap between
BAT and the present guidance document, since BAY been defined for the pig and
poultry sectors, and has not been defined forezadtieep or other livestock, nor for the
land application of manures or fertilizers.

7. Options for NH reduction at the various stages of livestock mamuoduction and
handling are interdependent, and combinations cdsomes are not simply additive in
terms of their combined emission reduction. Cofitrglemissions from applications of
manures to land is particularly important, becahese are generally a large component
of total livestock emissions and because land eafdin is the last stage of manure
handling. Without abatement at this stage, mucth@foenefit of abating during housing
and storage may be lost. Because of this interdkgey, Parties should as far as



possible exploit models where the overall mass-fadwammonia nitrogen is assessed,
such as GAINS, in order to optimise their abatensénategies.

8. The costs of the techniques will vary from couritrycountry. It should be noted that,

due to economies of scale, some of the abatemamtitpies may be more cost-effective
on large farms than on small farms. This is esfigcsm when an abatement technique
requires the purchase of capital equipment, eduaed-emission slurry applicators. In

such cases, the unit costs increase as the volomesmnure decrease. A greater cost
burden for smaller farms may also be the casenfionadiate incorporation of manures.

Both for slurry application and manure incorporatithe costs for small farms will often

be reduced by hiring a contractor with access t@aisie equipment.

9. Many measures may incur both capital and annuas ese Table 1). In addition to
theoretical calculations based on capital and djpey@&xpenditure, actual data on costs
(e.g. as charged by contractors) should be usedevawailable. In addition to calculating
the direct costs, the benefits of measures shaufdraas possible be calculated. In many
cases, the benefits to the farmer (e.g., reducedenai fertilizer need, improved
agronomic flexibility, reduced emissions of othesllptants, less complaints due to
odour) will outweigh the costs. A summary of theimiateracting factors affecting net
costs and benefits of ammonia mitigation has beewigied as Informal Document 11 to
the 48" Session of the Working Group on Strategies an dRefiiote: possible annex to
this document] Comparison of the net cost to the farmer (i.est eninus benefit) with
other environmental benefits (e.qg., improved amfexr quality and soil quality, reduced
biodiversity loss, reduced perturbation of climasepeyond the scope of this document.

10.Wherever possible, techniques listed in this doamimere clearly defined and

assessed against a “reference” or unabated stuafite “reference” situation, against
which percentage emission reduction is calculai®diefined at the beginning of each
chapter. In most cases the “reference” is the jp@ctr design that is the most commonly
practised technique presently found on commercan$ and is used to construct
baseline inventories.

Table 1 (a): Capital costs (capital expenditure (CAPEX))

Consideration Notes

Capital for fixed Fixed equipment includes buildings, conversionbwifdings, feed storage
equipment or bins, or manure storage. Machinery includes festtidution augers, field
machinery. equipment for manure application or equipment fanare treatment.
Labour cost of Use contract charges if these are normal. If faaff are normally used to
installation. install the conversion, employed staff should bgted at typical hourly rates.

Farmers’ input should be charged at the opportwost.

Grants Subtract the value of capital grants avkalebfarmers.
CAPEX (new) means the investment costs in new lsiildations, in contrast with CAPEX (retrofit) méaam
rebuilding or renovation of buildings.
Table 1(b): Annual costs (operational expenditure, OPEX): theual cost associated with the
introduction of a technique.
Consideration Notes
Annualized cost of capital Use standard formulee Térm will depend on the economic life.




should be calculated over theConversions need to take account of remainingofiferiginal
life of the investment. facility.

Repairs associated with the A certain percentage of the capital costs.
investment should be

calculated.

Changes in labour costs. Additional hours x costhoer.

Fuel and energy costs. Additional power requirememy need to be taken into account.
Changes in livestock Changes in diets or housing can affect performanith,cost
performance. implications.

Cost savings and production The introduction of techniques will often resultthe saving of costs

benefits. for the farmer. These should be quantified as $gvassible.
Separate note should be taken of the avoidandeex for pollution
in costing benefits.

[I. LIVESTOCK PRODUCTION AND DEVELOPMENTS

11.The livestock sector is an important contributorthe global food and agricultural
economy, accounting for 40 percent of the valuewofld agricultural output and

providing 10-15 percent of total food calories am#-quarter of dietary protein. In most
of the developing country regions it is the fasgsiwing segment of the agricultural
sector. The livestock sector is increasingly exgeédb provide safe and plentiful food
and fibre for growing urban populations, livelih@odor almost one billion poor

producers as well as global public goods relatedfomd security, environmental

sustainability and public health (Geers and Mad@®f)6; FAO, 2010; Steinfeld et al.,
2010).

12.While livestock provides various useful functiomssociety and the global demand
for dairy, meat and egg products continues to asador the next decades, there is also
increasing pressure on (intensive) livestock prtidaoc systems to produce more
environmental friendly. The livestock sector is ajon land user globally and has been
implicated for deforestation and biodiversity log&teinfeld et al., 2006; FAO, 2010;
Steinfeld et al., 2010). It is also a main usefresh water, mainly through animal feed
production, while fresh water resources becomecscan some areas. Livestock
production is a main source of atmospheric amm@Nid;) and the greenhouse gases
methane (Ch) and nitrous oxide (PD). The emissions mainly originate from the
nitrogen in manure of animals. Emissions ofNiem livestock production are related to
the type, number and genetic potential of the alsinthe feeding and management of the
animals, and to the technology of animal housindymanure management (Bouwman et
al., 1997; Steinfeld et al., 2006; Oenema et 8032

13.Livestock production systems can broadly be clessiin (i) grazing systems, (ii)
mixed systems and (iii) landless or industrial eys (e.g. Seré and Steinfeld, 1996).
Grazing systems are entirely land-based systemty stocking rates less than one



livestock unit per ha. In mixed systems a significpart of the value of production
comes from other activities than animal productidnle part of the animal feed often is
imported. Industrial systems have stocking rateatgr than 10 livestock units per ha and
they depend primarily on outside supplies of femugrgy and other inputs. Less than
10% of the dry matter fed to animals is producedten farm. Relevant indicators for
livestock production systems are animal densityammals per ha (AU/ha) and kg
milk/hal/year. A common and useful indicator for firessure on the environment is the
total N or P excretion of the livestock per ha pear (e.g., Menzi et al., 2009).

14.In each livestock category, a distinction can bedenhetween conventional and
organic farming. Further, there is often a disimttbetween intensive and extensive
systems, which may coincide with the distinctiortween conventional and organic
farming, but not necessarily. Intensive livestoc&duction systems are characterized by
a high output of meat, milk, and eggs per unit @faltural land and per unit of stock
(i.e. livestock unit), which usually coincides with high stocking density per unit of
agricultural land. This is generally achieved bghhefficiency in converting animal feed
into animal products. Because of their capacityafmdly respond to a growing demand,
intensive livestock production systems now accdanta dominant share of the global
pork, poultry meat and egg production (respectivedy 72 and 61 percent) and a
significant share of milk production (Steinfeldatt, 2006; FAO, 2009).

15. Traditionally, most animal products consumed by hoswere produced locally on
the basis on locally produced animal feeds. Ininghs many animal products
consumed by humans in urban areas are producdtedrasis of animal feeds imported
from elsewhere. This holds especially for pig amdilfsy products. Thereby, areas of
animal feed production and pig and poultry produttbecome increasingly disconnected
from the site of animal product consumption. ThEcdnnection has been made possible
through the development of transport infrastructumd the relatively low price of fossil
energy; the shipment of concentrated feed is chielgtive to other production costs.
Transportation of meat and egg products has alsmnbe cheaper. However, the
uncoupling of animal feed production from animabgwction has major consequences
for the proper disposal and management of animalunea(FAO, 2009; Mooney et al.,
2009 and references therein).

16.Increasingly, production chains are organized asglonally clustered in order to
minimize production and delivery costs. Animal feisdthe major input to livestock
production, followed by labor, energy, water and/®es. Input costs vary substantially
from place to place within countries as well asoasrcontinents. Access to technology
and know-how is also unevenly distributed, as is #bility to respond to changing
environments and to market changes. There areimdsibutional and cultural patterns
that further affect production costs, access tdrietogies and transaction costs. The
combination of these factors determines that ln@sproduction systems become larger,
specialized, and intensive (FAO, 2009; Mooney gt24109 and references therein).

17.Livestock production systems are dynamic systemsause of continuous
developments and changes in technology, marke#s)sgort and logistics. Such



developments lead to changes in livestock prodoctigstems and in its institutional
organization and geographical locations. Incredgjriyestock products become ‘global
commodities’, and livestock production systems preducing in an ‘open’, highly
competitive, global market. These developmentdaniditated by the increasing demand
for animal products because of the increasing urpapulation and the increasing
consumption of animal products per capita, althodlgbre are large regional and
continental differences. The additional demand lfeestock products concentrates in
urban centers. With high rates of consumption,dapowth rates and a shift towards
animal-derived foods, urban centers increasingiyedthe sector. The retail, processing
industry and suppliers of animal feed and technplgigatly influence the sector, while
the farmers, the livestock producers become incrggsdependent on the organization
within the whole food chain (FAO, 2009; Mooneyaét 2009).

18.The rapid developments in livestock production eyst have a strong effect on the
emissions of NBl N,O and CH from these systems to the atmosphere and of the
leaching of N to waters. Emission abatement straselgave to take such developments
into account and to anticipate on these developgnastt as to make these strategies
effective and efficient.

lII. NITROGEN MANAGEMENT, TAKING ACCOUNT OF THE
WHOLE NITROGEN CYCLE

19.Management is commonly defined as ‘a coherent $enabvities to achieve

objectives’. This definition applies to all secta&the economy, including agriculture.
Nitrogen management can be defined as ‘a coheetrafsactivities related to nitrogen
use in agriculture to achieve agronomic and enwremal/ecological objectives (e.g.,
Oenema and Pietrzak, 2002). The agronomic objectigkate to crop yield and quality,
and animal performance. The environmental/ecolbgidgectives relate to nitrogen
losses from agriculture. ‘Taking account of the iehaitrogen cycle’ emphasizes the
need to consider all aspects of nitrogen cyclitgp & ‘NHzemissions abatement’, to be
able to consider all objectives in a balanced wad/ta circumvent ‘pollution swapping'.

20.Nitrogen is a constituent of proteins (and enzynag) involved in photosynthesis,
eutrophication, acidification, and various oxidati@duction processes. Through these
processes, nitrogen changes in form (compoundagtivéy and mobility. Main mobile
forms are the gaseous forms di-nitrogen)(ldmmonia (NH), nitrogen oxides (NO and
NO,), and nitrous oxide (D), and the water soluble forms nitrate yOammonium
(NH4") and dissolved organically bound nitrogen (DON). drganic matter, most
nitrogen is in the form of amides, linked to orgawiarbon (R-NH). Because of the
mobility in both air and water, reactive nitrogeraiso called ‘double mobile’.

21.Depending on the type of farming systems, N managerat farm level involves a
series of management activities in an integratey waluding:

» Fertilization of crops;

» Crop growth and crop residue management;



Growth of catch crops;

Grassland management;

Soil cultivation, drainage and irrigation;

Animal feeding;

Herd management, including animal housing

Manure management, including manure storage ancappn;
Ammonia emissions abatement measures;

Nitrate leaching and runoff abatement measures;

Nitrous oxide emissions abatement measures;
Denitrification abatement measures;

To be able to achieve high crop and animal prodactvith minimal N losses, all
activities have to be considered in an integratetislanced way.

22.Nitrogen is essential for plant growth. In crop gwotion, it is often the most limiting
nutrient, and therefore must be available in sigfit amount and in a plant-available
form in soil to achieve optimum crop yields. To mvdhe excess or untimely N
applications, guidelines for site-specific bestriamt management practices should be
adhered to, including:

Nutrient management planning and record keepingalf@ssential nutrients;
Calculation of the total N requirement by the coopthe basis of realistic estimates
of yield goals, N content in the crop and N uptakeiency by the crop;
Estimation of the total N supply from indigenoususees, using accredited
methods:

- mineral N in the upper soil layers at planting stélgy soil test);

- mineralization of residues of the previous crops;

- net mineralization of soil organic matter, incluglithe residual effects of
livestock manures applied over several years andyastures, droppings
from grazing animals;

- deposition of N from the atmosphere;

- biological N fixation by leguminous plants;

Computation of the needed N application, takingoaot of the N requirement of
the crop and the supply by indigenous N sources;

Calculation of the amount of nutrients in livestatlanure applications that will
become available for crop uptake. The applicatada of manure will depend on:

- the availability of livestock manure;

- the demands for nitrogen, phosphorus and potadsyutine crops,

- the immediately-available nitrogen, phosphorus potssium contents in
the manure;

- the rate of release of slowly-available nutrientsrf the manure;

- the nutrient that will be sufficiently supplied thie lowest application rate
(to ensure no nutrient is over supplied);

Estimation of the needed fertilizer N and otherrieats, taking account of the N
requirement of the crop and the supply of N by gedious sources and livestock
manure;



» Application of livestock manure and/or N fertilizeiortly before the onset of rapid
crop growth, using methods and techniques thatgmtesmmonia emissions;

* Where possible, application of N fertilizer in mplé portions (split dressings)
with in-crop testing, where appropriate.

23.Nitrogen management which takes account of the evhmirogen cycle aims at
identifying measures for reducing all unwanted Ns=mions, including Nklemissions, in

a cost-effective way, i.e., to a level where thiigaf marginal damages to human health
and biodiversity is (approximately) equal to thergmaal cost of achieving further
reductions. Preferred measures for reducing Bidissions are those that decrease other
unwanted N emissions simultaneously, while maimtginor enhancing agricultural
productivity (measures with synergistic effectspn@ersely, measures aimed at reducing
NHs emissions, which increase other unwanted emisgamtagonistic effects) should be
modified to such extent that the antagonistic éffexre nullified. Similarly, abatement
measures avoid to increase other types of farnufpati (e.g., P losses, pathogens, soill
erosion) or resource use (e.g., fuel), reduce tiadity of food (e.g., increased antibiotics,
hormones or pesticides) or the health and welfafarm (e.g., by limiting barn size).

24.The effectiveness of nitrogen management can bleiaea in terms of (i) decreases
of nitrogen losses, and (ii) increases of N uskieficy. Nitrogen use efficiency (NUE)
indicators provide a measure for the amount of &t ik retained in crop or animal
products, relative to the amount of nitrogen amgpbe supplied. Management has a large
effect on the nitrogen use efficiency (Tamminga@,9dosier et al., 2004).

25.Output / input ratios (mass/mass ratios) and bakfioput minus output, in mass per
unit surface area) are the best indicators foresging overall N use efficiency (NUE) at
farm level (Table 2). While the ratio of total Ntput (via products exported from the
farm) and total N input (imported into the farm¢luding via biological N fixation) is an
indicator for the N use efficiency at farm levdigtN surplus (or deficit) is an indicator
for the N pressure of the farm on the wider envinent, assuming that ultimately all
surplus N is lost via either ammonia volatilizatioN leaching and/or nitrification/
denitrification.

26.There are two well-established procedures for ngakitrogen input-output balances,
namely the farm-gate balance and the soil-surfatanbe (e.g., OECD, 2001; Oenema et
al., 2003). Basically, the farm-gate balance res@itl N inputs and all N outputs of the
farm, while the soil-surface balance records alinputs to agricultural land and all N
outputs in harvested crop products from agricultlanad. The surface area of the farm-
gate balance is the whole farm; the surface areahefsoil-surface balance is an
agricultural land (one field, all fields of a farmHowever, both types of balances can be
applied also at regional and country level. In gahet is easier to establish a farm-gate
balance than a soil-surface balance, because afadailability. The results of the farm-
gate balance and the soil surface balance showthblkar, but may differ because of the
use of correction factors for NHolatilization from manure storages and the neagbéc
some input items. Hence, it is important to useddedized formats for making farm-
gate balances and soil-surface balances.



27.Commonly, a distinction is made between N inpupattbalances and N input-

output budgets. Balances and budgets apply sinmfart items; the main difference is

that balances record the N output in harvested/etabke products only, while budgets
records the N output via harvested/marketable ptsdand losses. Hence, budgets
provide a full record and account of all N flows.

28.A farm-gate nitrogen budgeif a mixed crop-animal production farm is the most
complex budget (figure 1). The main inputs are malmorganic fertiliser, imported
animal manure, fixation of atmospheric nitrogen dmme (mainly leguminous) crops,
deposition from the atmosphere and livestock fémoluts in seed and bedding used for
animals are generally minor inputs, although thitetacan be significant for some
traditional animal husbandry systems. The main ustpre in crop and animal products,
and in exported manure. Gaseous losses occur framuma in animal housing, in manure
storage and after field application. Other gasdosises occur from fields; from applied
fertiliser, crops, soil and crop residues. Losseground and surface water occur via
leaching or run off of nitrates, ammonium and digsd organic nitrogen (DON).
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Figure 1. A farm nitrogen budgetf a mixed crop-animal production farm.

29. The corresponding components of a farm nitrogelarze of a mixed crop-
animal production farm are shown in Figure 2. Emitle a farm N_balancées much
simpler than a farm-gate budges N losses to air, groundwater and surface waiey
not included in the N balance. A farm_N balawéa specialized crop production farm or
a specialized animal production farm are much semfghan a farm gate-balance of a
mixed crop-animal production farm, because of N#sputs and outputs.
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Figure 2: Components of a farm-gate nitrogen balance ofedcrop-animal production farm.

30. A soll surface nitrogen balanoé agricultural land is shown in figure 3. The mai
N inputs are mineral/inorganic fertiliser, animahmure, fixation of atmospheric nitrogen
by some (mainly leguminous) crops and depositiomfthe atmosphere. Inputs in seed
and composts are generally minor inputs. The maitpuis are in harvested crop
products. Note that animal products other than ahimmanure do not show up in the soil
surface balance, as they do not pass the soilcgurfa

31.For using N balances and NUE as indicators at fi@wel, a distinction has to be
made between:

(a) specialized crop production farms,
(b) mixed crop (feed) — animal production farms and
(c) specialized animal production farms.

Specialized crop production farms have relatively NH; emission sources (possibly
imported animal manure, urea and ammonium-basétiziers, crops and residues).
These farms can be subdivided according to cragiont (e.g., areal percentage of
cereals, vegetables and root crops). Specializedahproduction farms produce only
animal products (milk, meat, egg and animal mananel) all these products are exported
from the farm. These farms can be subdivided adegre animal categories (e.g., pig,
poultry, and cattle). Mixed systems have both srapd animals; the crops produced are
usually fed to the animals, while the manure prediugy the animals is applied to the
crop land. These farms can be subdivided accohngal categories (e.g., dairy cattle,
beef cattle, pigs, and) and livestock density émdf self-sufficiency).

32.The variation between farms in NUE (output/inputia®) and N surpluses (input

minus input) is large in practice, due to the ddfeces in management and farming
systems (especially as regards the types of cnogpsaaimals, and the livestock density).
Indicative target values can be given for broa@ggaties of farming systems (see Table
2).

33.Nitrogen balances and N input-put ratios can beenadsb for compartments within a
farm, especially within a mixed farming system. Fastimating NUE, three useful
compartments or levels can be considered:

10
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(a) feed N conversion into animal products (feed-NUEBm@mmal-NUE),

(b) manure and fertilizer N conversion into crops (nraffertilizer-NUE), and

(c) whole-farm NUE.
These NUEs are calculated as the percentage mékewiput per mass of N input:
- feed-NUE = [(N in milk, meat and eggs) / (N ireéeand fodder)] x 100%
- manure/fertilizer-NUE = [N uptake by crops / Npéipd as manure/fertilizer] x 100%
- whole-farm NUE =£(N exported off-farm) E(N imported on to the farm)] x 100%
Indicative ranges of NUEs for dairy farms are shd&fow (Powel et al., 2010).

Inorganic N [ Animal | Biological | Atmospheric | Seeds & i
ge ogK phe Composts N inputs
fertilizers manure | N, fixation [ N deposition | plants
A A
: N balance
Agricultural land —> | (N surplus)
b b
Harvested crop Grass and N outputs
products fodder products
Input to output parameters N input range NUE range (%) Source
Feed to milk (feed-NUE) 512-666 gcow 'day ' 26-33 Powell et al. (2006a)
289-628 gcow 'day ' 22-29 Kebreab et al. (2001)
200-750 gcow ‘day * 21-32 Castillo et al. (2000)
496897 gcow ‘day * 21-36 Chase (2004)
838-1360 g cow ' day ’ 16-24 Aarts et al (2000)
Manure and fertilizer to crops and pasture (manure/fertilizer-NUE) 359749 kgha * 53-77 Aarts et al. (2000)
Not available 16-57 Beegle et al. (2008)
Farm inputs to farm outputs (whole-farm NUE) 215-568 kgha ' 14-55 Rotz et al. (2006)
150-370 kgha * 39-47 Rotz et al. (2006)
260-380 kgha ' 23-36 Rotz et al. (2005)
240-423 kgha ! 3446 Rotz et al. (1999)
63-840kgha ! 8-55 Ovens et al. (2008)
Not available 25-64 Histov et al. (2006)

Figure 3: Components of a soil surface nitrogen balancegotaltural land (see OECD, 2001).
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Table 2: Nitrogen surplus and nitrogen use efficiency iatlics of farming systems, with typical values for
specialized crop production farms, specialized ahpnoduction farms and mixed farms (see text).

Index Calculation | Interpretation Typical levels
N surplus = sum of | N surplus = *N surplus depends on types of Depends on types of
all nitrogen inputs | X (Inputsg,) — farming system, crops and animals,| farming systems, crops

minus the nitrogen

outputs that pass the

farm gate, expresse
in kg/halyr

¥ (outputg)

and indigenous N supply, external
inputs (via fertilizers and animal
feed) management and environmen
*N surplus is a measure of the total
loss to the environment

and animals:

t Crop: 0-50 kg/ha
NMixed: 0-200 kg/ha
Animal: 0-1000 kg/ha

*N deficit [Z (Inputg) <X (outputg]
is a measure of soil N depletion
*For specialized animal farming
systems (land-loose), the N surplus
can be very large, depending also 0
the possible N output via manure
processing and export

=)

NUE = nitrogen use | NUE = N use efficiency depends on types| Depends on types of
efficiency, i.e., the N|  (outputg) / of farming system, crops and farming systems, crops
output in useful T (Inputsy) animals, and indigenous N supply, | and animals:
products divided by external inputs (via fertilizers and
the total N input animal feed) management and Crop 0.6-1.0
environment Mixed: 0.5-0.6
Animal 0.4-0.6

*For specialized animal farming
systems (land-loose), there may be
output via manure processing and
export

NAnimal 0.8-0.95

") no manure export
”) landless farms; all
manure exported off-
farm

34.For assessing the feed-NUE or animal-NUE, the ansooinfeed + fodder consumed
and the N contents of the feeds + fodders havestknown. Also the amounts of N in
animal products (protein in milk, meat and eggs teabe known. Default values can be
used for N in milk-protein, eggs and live-weighdrcass-weight and meat for cattle, pigs,
and poultry.

35.For assessing the manure/fertilizer-NUE, it is us& make a distinction between
different N input sources. The ‘fertilizer N equieace value’ indicates how well N from
animal manures, composts and crop residues arerakgive to the reference fertilizer
(commonly NHNO; based fertilizers), which is set 1 (100%). A higliue is indicative
for a high N use efficiency. The fertilizer N eqalgnce value depends on the type (solid,
slurry or liquid), origin (cattle, pigs, poultry)f onanure and the time frame (year of
application versus long-term effects. It also dejseon crop type and environmental
conditions (soil type, temperature, rainfall). A shdecisive factor for a high fertilizer N
equivalence value is management, i.e. the timenagithod of application. Table 3 gives
target ranges of N fertilizer equivalence valuascfattle, pig and poultry manure, slurries
and liquids, as found in literature. Organic N s®&sgr usually contain a significant
fraction organically-bound N, which becomes avddalb growing crops only after
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mineralization. Therefore, a distinction is maddawaen short-term (i.e. during the
growing season immediately after application of ¢tlnganic N source) and long-term
fertilizer N equivalence values; the latter beinghler than the former. Some organic N
sources have only mineral N and easily mineralzaisganic N, and as a consequence
there is essentially no difference between shont-@nd long-term values.

Table 3: Ranges of short-term and long-term fertilizer aggn equivalence values (FNEV) of applied
animal manures and crop residues, expressed irmage of the reference fertilizer ammonium-nitrate
The manures are applied with common low-emissiopliegtion techniques. The short-term fertilizer
nitrogen equivalence values relate to the fertilizirogen equivalence value of timely applicatiahging
the year of application. The long-term fertilizétrogen equivalence values include residual effertd
assume repeated annual applications.

Nitrogen sources Fertilizer nitrogen equivalence values, %
Short-term Long-term
Separated cattle and pig liquids 70-100 70-100
Digested cattle and pig slurries 40-60 50-80
Cattle slurries 30-50 50-80
Pig slurries 30-65 50-80
Poultry slurries 30-65 50-80
Solid cattle, pig and poultry manures 20-40 40-60
Composts of cattle, pig and poultry manures 20-40 0-6@
Urine and dung from grazing animals 10-20 20-40
Crop residues with more than 2.5% N 10-40 30-50
Crop residues with 1.5 — 2.5% N 0-30 20-40
Crop residues with less than 1.5% N 0 0-20

References:Berntsen et al., 2007; Bittman et al., 2007; Burdmd Turner, 2003; Chadwick et al., 2000;
Gutser et al., 2005; Hadas et al., 2002; Hart.etl803; Hatch et al., 2004; Janssen, 1984; Jemkiaad
Smith, 1988; Kolenbrander and De La Lande Crem@67] Langmeier et al., 2002; MacDonald et al.,
1997; Mosier et al., 2004; Nevens and Reheul, 2&Bino et al., 2006; Rufino et al., 2007; Schiiga
Kok, 2003; Schroder et al., 2000; Schroder and e3teyv2004; Schroder 2005; Schroder et al., 2005;
Schroder et al., 2007; Sommerfeldt et al., 1988e&sen, 2004; Sorensen and Amato, 2002; Sorensen et
al., 2003; Sorensen and Thomsen, 2005; Van der btesddr, 1987; Velthof et al., 1998;
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36.  For whole-farms, the N surplus and NUE of spezrglicrop production farms are
estimated as follows:

SurplusN = [FertN + ManureN + CompostN + BNF + An: SeedN] — [CropN] [1]

NUEcrop = [CropN] / [FertN + ManureN + CompostN NB + Atm.N + SeedN] [2]

Where,

SurplusN = N Surplus at farm level, kg/ha

NUEcrop = N use efficiency at farm level, mass/snadio (dimensionless)

FertN = Amount of fertilizer N fertilizer importeto the farm, kg/ha

ManureN = Amount of manure N imported to the fakgrha

CompostN = Amount of compost N imported to therfakg/ha

BNF= Amount of biologically fixed Blby leguminous crops, kg/ha

Atm.N = Amount of N from atmospheric depositiog/ta.

SeedN = Amount of N imported via seed and pldwm#ha.

CropN = Net amount of N in harvested crop expofiteth the farm, including residues, kg/ha

There may be additional N inputs at the farm viadrample autotrophic N2 fixation,
crop protection means, irrigation water. These igpre usually small relative to the
former and are also difficult to manage. Therefdhese additional N inputs are often
disregarded. However, when these inputs are afisigni percentage of the total input
(>10%), they should be included in the balanceuwatmons.

37.For specialized landless animal production farnig N surplus and NUE are
estimated as follows:

SurplusN = [FeedN] — [AnimalN + ManureN] [3]

NUEanimal = [AnimalN + ManureN] / [FeedN] [4]

Where,

SurplusN = N Surplus at farm level, kg

NUEanimal = N use efficiency at farm level, mass#siratio (dimensionless)

FeedN = Net amount of N in animal feed importethesfarm, kg

AnimalN = Net amount of N in animals exported frahe farm (i.e., including dead animals and
corrected for imported animals), kg

ManureN = Net amount of manure N exported fromfénen (including feed residues, kg

There will be small additional N inputs at the favia for example drinking and cleaning
water, litter (bedding material) and medicines these inputs are usually small (<5%)
relative to the former and may be disregardedismdhse.

38.For mixed crop — animal production farms, the Nplus and NUE are estimated as
follows:

SurplusN = [FertN+ManureN+CompostN+BNF+Atm.N+SeeddhimalN + CropN + ManureN] [5]
NUEmixed=[AnimalN+CropN+ManureN]/[FertN+ManureN+CpustN+BNF+Atm.N+SeedN]  [6]

Where,
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SurplusN = N Surplus at farm level, kg/ha

FertN = Amount of fertilizer N fertilizer importeto the farm, kg/ha

FeedN = Amount of N in animal feed imported to flwam, kg/ha

ManureN = Amount of manure N imported to the fakgrha

CompostN = Amount of compost N imported to therfakg/ha

BNF= Amount of biologically fixed Blby leguminous crops, kg/ha

Atm.N = Amount of N from atmospheric depositiog/ta.

SeedN = Amount of N imported via seed and pldwm#ha.

CropN = Amount of N in harvested crop exportedfritne farm, including residues, kg/ha

AnimalN = Amount of N in animals exported from tlierm (i.e., including dead animals and
corrected for imported animals), kg

ManureN = Amount of manure N exported from tharfakg/ha

39.A more accurate expression of the N use efficienicgpecialized crop production
farms takes into account the differences in feeiliN equivalence values of manure,
composts and BNF, and is estimated as follows:

NUEcrop = [CropN] / [FertN+(ManureN x FnevM)+(Congibl x FnevC)+(BNF)+Atm.N+ SeedN]7]

Where,
FnevM = fertilizer N equivalence value for manutg/kg
FnevC = fertilizer N equivalence value for compast’kg

40.Improvements in N management (and hence decreasédasses) over time follow
from decreases in N surpluses and increases ireNefisiencies over time. Progress in
N management can thus be assessed through theommapivf the annual N surplus and
N use efficiency at farm level. To account for aalneariations in weather conditions and
incidental occasions, it is recommended to caleuliae-year averages of N surplus and
NUE.

41.The relative performance of the N management ahdacan be assessed on the basis
of comparisons with other farms, model farms oregxpental farms. Target values for N
surpluses and NUE of specialized crop productiostesys can be based on the
performance of best managed (experimental/modef) production systems in practice.

42.Crops differ in their ability to take up N from §oilue to differences in root length
distribution and length of the growing season. Gna® (cereals and grassland) have a
high uptake capacity; leafy vegetable (lettucenaph) a small uptake capacity. Target
values for N surplus should be specified accordmghe areal fraction of cereals and
grassland on the farm (e.g. in case of five class25%; 25-50, 50 — 75, 75 - 90 and
>90%).

43.For specialized crop production farms growing cksrean > 90% of the area, and
using the input items of equation [7] and Fertilikkequivalence values (FNEV) of table
3, the harvested N roughly equals the total effectN input and NUEcrop will be
~100%. With decreasing relative area of cerealshendrop rotation, target NUE will
decrease and N surpluses will increase, depentiogoa the effective N input (Table 4).
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Table 4: Target values for N use efficiency (NUE) and Npduses of specialized crop production farms as
function of the percentage of cereals in the coiption and mean total input of effective N (sed)te

Cereals in rotation, Target NUE, % N surpluses, in kg/halyr, at effeztivinputs of 50, 100

% and 200 kg/ha/yr

50 100 200
90 - 100 100 0 0 0
75-90 95 25 5 10
50-75 90 5 10 20
25-50 80 10 20 40
<25 70 15 30 60

44.The NUE of specialized animal farms and mixed fardepend in part on the

‘unavoidable’ gaseous N losses from animal manurdsousing systems and manure
storages due to NfVolatilization and nitrification-denitrificationrpcesses. Unavoidable
N losses are N losses that occur when using beslable technology (BAT). Hence,

target values for NUEanimal should be based onideriag the following equation:

TargetNUEanimal = [AnimalN + (ExcretedN — Manurebi)] / [FeedN] [8]

Where,

TargetNUEanimal = N use efficiency at farm levahss/mass ratio (dimensionless)

AnimalN = Net amount of N in animals exported frtime farm (i.e., including dead animals
and corrected for imported animals), kg

FeedN = Net amount of N in animal feed importethe farm, kg

ExcretedN= amount of N excreted by animals ducagfinement, kg

ManureNloss= Unavoidable N losses from animal mariar animals housings and manure

storages due to NHolatilization and nitrification-denitrificationrpcesses, kg.
ExcretedN — ManureNloss = amount of manure N expglitom the farm

45.ManureNloss values depend on the animal housingmyand manure management
systems. For cattle and pigs housed whole-yeatuimysbased systems with covered
manure storages, ManureNloss will be in the rang&-20% of manure N excreted
during confinement, with the lower value for low-esion housing systems and the
higher value for houses with partially slatteneabfk, but depending also on climatic
conditions. When animals are confined only durihg tinter season, less N will be
excreted during confinement and ManureNloss pemahihead will be lower.

ManureNloss from housing systems with solid martarel to be higher (20-40% when
housed all-year), due to larger nitrification-defitation losses during manure storage.

46.For poultry, ManureNloss is in the range of 10 @84bof ExcretedN with the lower
value for low-emission housing systems and thedriglalue for deep pits and ground-
based litter systems without scrubbing and retgihNfl; from exhaust air.

47.NUE of specialized animal production farms incrsasdth increasing feed N
retention and decreasing ‘unavoidable gaseous BesdgTable 5; Figure 4). Feed N
retention depends on animal type, animal produgthand animal feeding. The
‘unavoidable gaseous N losses’ depend on housirglersy and animal manure

16



17

management, including low-emission management isysstélence, NUE of specialized
animal production farms is very responsive to gase®l losses, including NH
volatilization losses; it is an integrated N marmagat indicator.

Table 5: Calculated N use efficiency of specialized animpadduction farms as function of the feed N
retention percentage and the percentage ‘unavaddtibsses’ according to equation [8]. It is asstitinat
all animal products, including animal manure, ageagted from the farm (see text).

Feed N N use efficiency, in %, as function of ‘unavoidabldosses’
retention, % of 5, 10, 20, 40 and 60% of N excreted
5 10 20 40 60
5 95 91 81 62 43
10 96 91 82 64 46
20 96 92 84 68 52
30 97 93 86 72 58
40 97 94 88 76 64
100
T s
s 80 TS .
% 70 |Feed Nretention, %  ~~-_° é? SIl-.
$ 601 --o--5 T
S 504 o 10 g
o 407 A 20
® 30
zZ 20 L] 30
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Gaseous N losses, %

Figure 4: Calculated N use efficiency of specialized animpedduction farms as function of the feed N
retention percentage and the percentage ‘unav@ddhbbsses’ according to equation [7]. It is assdirteat
all animal products, including animal manure, ageagted from the farm (see text)

48.Whole farm N balances and N use efficiency are-esthblished indicators and used in
many countries for estimating both the pressuréNobn the environment and the N
resource use efficiency. Currently, there is aslij# experience in many countries with
these indicators for abating NHmissions. However, there is solid theoretical atsb
empirical evidence that increases in NUE are aasetiwith decreases in N losses per unit
of produce. Similarly, increases in NUE of animabodguction systems and mixed
production systems are typically associated witlrekeses in Nkl losses per unit of
produce, as shown for example in Denmark (Mikkelseal., 2010; Ngrregaard Hansen et
al., 2008; Anonymous, 2008) and the Netherlands,(Be Haan et al.).

49.Experiences in Denmark and the Netherlands show rtigst farmers are able to
understand the N balance and NUE indicators easily are also able to establish N
balances and NUE indicators on the basis of bogkkgeecords and default values for N
contents in various products. However, training gmdticipation in farmers-discussion
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groups is helpful. Alternatively, N balances andBthn be made by accountants, again on
the basis of bookkeeping records and default velueN contents in various products. The
annual costs for seeking the advice of accountfmtgestablishing N balances and NUE
indicators is in the range of 500-1500 euro pemnfar

50.A simple Microsoft Excel spreadsheet program (NUEIcGlator) is available for
examining the effects of management factors on Molgst and NUE. This Excel
spreadsheet program contains defaults values fooug farming systems, and can be
easily adjusted to farm-specific conditions.

V. LIVESTOCK FEEDING STRATEGIES

General considerations

51. Gaseous nitrogen losses from livestock productiogirate from the feces (dung) and
urine excreted by the livestock. The animal feeahposition and the feed management has
a strong influence on animal performance and onctmposition of the dung and urine,
and thereby also on the emissions of ammonias(NFhis section focuses on feeding
strategies to reduce NKmissions.

52.Animals require energy, protein, water, variousrieats including trace elements, and
vitamins for their nutrition. The value of animaled is usually defined by the quantity of
energy and protein that can be metabolized by timaa after digestion of the feed in the
gastrointestinal tract. The protein value of a dietstimated by the fraction of protein that
is absorbed from the gastrointestinal tract. For gnd poultry diets, the protein value is
also defined by the quantity of individual aminadscabsorbed in order to identify those
amino acids that are most limiting protein depositin animal products.

53.In practice, protein levels in animal feed are ftéegher than actually required. Safety
margins in the protein content of the diet are usealccount for: 1) suboptimal amino acid
ratios; 2) variations in requirement between angmwath different genotypes; 3) variations
in requirement caused by differences in age orywton stadiums; and 4) variations in the
actual content and digestibility of essential amawids in the diet. Protein content of the
diet and N excretion can be reduced by matchingptbeein / amino acids content of the
diet as close as possible to the animal’s requintme

54.The fraction of feed intake not digested, absowdadiretained by the animal is excreted
via dung and urine. The excess N in the feed isedad in the form of protein (organically
bound nitrogen), urea, uric acid and ammonium. Phgitioning of the N over these
compounds together with the pH of the dung andeugireatly affects the potential for NH
loss.
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Table 6: Ranges of N components in dung and urine of sarimead species.

Animal Dry matter g Total N Urea-N  Uric acid — Protein-  Ammonium-

Category per kg g per kg % of N, % of N, % of N, % of total
dung/urine  total N total N total N N

Dairy cattle

- Dung 100-175 10-17 0 0 90-95 1-4

- Urine 30-40 4-10 60-95 0-2 0 1

Finishing pigs

- Dung 200-340 8-10 0 86-92 8-14

- Urine 30-36 4-7 70-90 10-20 2-10

Chicken 200-300 10-20 5-8 35-50 30-50 6-8

55.There is a large variation in the composition ohgluand urine from dairy cattle,
fattening pigs and chicken. Table 6 provides rargfeslues observed in literature (Canh
et al., 1997; Bussink and Oenema, 1998; Whitelza@D).

56. The main options to influence the hllmissions potential by livestock feeding are by
(Aarnink and Verstegen, 2007):

(a) Lowering the ammonium, urea and uric acid contehtke urine and dung,
through:
(i) Lowering the crude protein intake;
(ii) Increasing the non-starch polysaccharides intakéctwshifts the
nitrogen excretion from urea/uric acid in uringototein in dung;
(b) Lowering pH of manure by:
(i) lowering the pH of dung;
(ii) lowering the pH of urine.
(c) Lowering the urease activty, and hence the ammoiumeentrations in

manure.
NSP Urea P. CA VFA,
> > H.O
VFA P i
P, C/IA urea
P CIA, pH dung
NSP, H,0
Urea, C/A,
H,O
*P=Protein ‘
*C/A=cations/anions (Na,K,Ca,Mg,CI,S,P) NH4_+, pH »  NH,*, pH
*NSP=Non starch polysaccharides urine manure

Figure 5: Schematic view of the main factors of the aninadion (protein content, cation-to-anion ratio and
the content of non-starch polysaccharides) inflienthe urea and ammonium contents and pH of time u
and dung excreted by animals.
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Table 7: Present levels and minimum pH of urine of differivestock species.Table to be completed and
references added)

Species Present pH urine Minimum pH urine Reference
Piglets

Growing-finishing pigs 6.7-7.8 5.0 Canh et al. (I1p9
Sows

Cattle

(Task to add target protein contents, cation-t@amatios and the non-starch polysacharides fainigea —
high, medium, low, very low nh3 volatilization pat&al in a table.)

57.The ammonium content of manure (dung + urine)pfeihg the hydrolysis of urea and
the anaerobic digestion of protein in manure, caicdiculated as follows (after Aarnink et
al., 1992):

[NH,"] = (dc*Py - P, + adc*(1-de)*R) / (M)

Where: dc = apparent digestibility coefficientpobtein
P; = protein in feed
P, = protein retention
adc = anaerobic digestion coefficient for proteimanure
M., = mass of manure

58.The pH of urine and manure can be estimated by mga&icomplete cation-to-anion
balance. In this estimation also the concentratibammonium and carbonate has to be
included. Table 7 provides an overview of the meament pH levels of urine and of the
minimum pH of urine of different livestock species.

59.Depending on enzyme activity, urea and uric acel laydrolyzed into ammonium
usually within a few hours to days. The mineral@atof organic nitrogen (apparent
undigested protein) in dung is a slow process. Agmaperature of 18C it takes 70 days
before 43% of the organic nitrogen in pig manurenigeralized to ammonia (Spoelstra,
1979). Therefore, by shifting N excretion in catded pigs from urine to dung, the N
excretion via protein (organically bound nitrogenjncreased and the N excretion via urea,
uric acid and ammonium is decreased. As a resil; &missions from the urine are
reduced.

60. Livestock feeding strategies can influence the piuwng and urine. The pH of dung
can be lowered by increasing the fermentation & llrge intestine. This increases the
volatile fatty acids (VFA) content of the dung aralises a lower pH. The pH of urine can
be lowered by lowering the electrolyte balance ¢NK — Cl) of the diet (Patience et al.,
1987). Furthermore, the pH of urine can be lowdrgdhdding acidifying components to
the diet, e.g. CaSQCa-benzoate, benzoic acid. A low pH of the dung arine excreted
results also in a low pH of the slurry / manureinigirstorage, also after a certain storage
period. This pH effect can significantly reduce aomia emissions from slurries during
storage and also following application. These ¢ffdmave been proven especially for pigs
(Aarnink and Verstegen, 2007; Canh et al., 199&mhCet al., 1998c; Canh et al., 1998d;
Canh et al., 1998¢)
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61.Several indicators are useful to indicate the ifficy of conversion of feed into animal
product. They are defined as follows:

(a) Dietary crude protein (Nx6,25) contgi@P/DM). The requirement of crude protein
(CP) as proportion of the dietary dry matter (DMpdnds on animal species, type
of production, digestibility of the diet DM and tlyeiality (amino acid ratio) in the
CP. Information on this indicator for concentrageds is usually available from the
feed company. For forages, notably grazed forafesmay be more difficult, but
the sward surface height (SSH) may be a helpful too

(b) Efficiency of N utilisation(NUE = AY\/Fy), where AY, is the mass of N in
animal products (in kg),\Hs the mass of N in the feed used (kg). This iatdic
requires information on the N content of animaldarcts and animal feeds. Such
figures have been extensively tabulated in receatsy

(c) Stocking density, the number of animal units (Alg) pnit (ha) of land available
for disposal of animal excrefAU/ha). (confirm what is meant by this last point)

62. Production of animal products (milk, meat, eggs)nbt possible without first

meeting the nutrient requirements to maintain thienals. Dietary protein levels required
for maintenance are much lower than those needethéosynthesis of animal products.
Hence, target levels of CP/DM vary with the promortof ingested nutrients that is
required for maintenance. This proportion is highes slow growing animals, like

replacement animals in cattle and lowest in rapgtywing animals like broilers. Target
levels for NUE show the opposite.

Feeding strategies for ruminants (especially dainand beef cattle)

63. Nitrogen use efficiency (NUE) in dairy productianlimited by the biological potential
of cows to transform feed N into milk and of crapwd pasture to convert applied manure
N and fertilizer N into grain, forage and other@gsmic products. However, the disparity
between actual NUE achieved by producers and palddUE indicates that substantial
improvements in NUE can be made on many commedaaly farms. Although dairy
producers can do little about the biological litidas of N use, practices such as
appropriate stocking rates, manure N crediting fnidwing recommendations to avoid
wastage can substantially enhance NUE, farm prafitd the environmental outcomes of
dairy production. (Powell et al., 2009)

64.Lowering crude protein of ruminant diets is an efifee and category 1 strategy for
decreasing Nklloss. The following guidelines hold (Table 8):

* The average CP content of diets for dairy catttaukhnot exceed 150 g/kg DM
(Broderick, 2003; Svenson, 2003). For beef cattierothan 6 months this could
be further reduced to 120 g/kg DM.

* Phase feeding can be applied in such a way thakheontent of dairy diets is
gradually decreased from 160 g/kg DM just befongypdion and in early
lactation to below 140 g/kg DM in late lactatiordathe main part of the dry
period.
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» Phase feeding can also be applied in beef catdach a way that the CP content of
the diets is gradually decreased from 160 g/kg g the first 3 months to
120 g/kg DM thereatfter.

Table 8: Target levels for crude protein (CP) content,iang per kg of the dry mass of the ration, and
efficiency of N utilisation (NUE), in mass fractisiikg/kg)for cattle

Cattle species CP, g/kg NUE, kg/kg
Milk + maintenance, early lactation 150-160 0.30
Milk + maintenance, late lactation 120-140 0.25
Replacement 120-130 0.10
Veal 170-190 0.45
Beef <3 months 150-160 0.30
Beef >6 months 120 0.20

65.1n many parts of the world, cattle production isdebased or partly land-based. In such
systems protein rich grass and grass products &osignificant proportion of the diet. Such
diets often contain a surplus of protein and thgmitade of the resulting high N excretion
strongly depends on the proportions of grass, gsdage and hay in the ration and the
protein content of these feeds. The protein surphgthe resulting N excretion and NH
losses will be highest for grass-only summer ratiovith grazing young, intensively
fertilized grass or grass legume mixtures. Howeueme excreted by grazing animals
typically infiltrates into the soil before subst@htNHs emissions can occur and BIH
emissions per animal are therefore less for graamials than for those housed where the
excreta is collected, stored and applied to land.

66. The NHs emission reduction achieved by increasing the ptapoof the year the cattle
spent grazing outdoors will depend on the basd@meission of ungrazed animals), the
time the animals are grazed, and the N fertilizxel of the pasture. The potential to
increase grazing is often limited by soil type, dgmphy, farm size and structure
(distances), climatic conditions, etc. It shouldnoéed that grazing of animals may increase
other forms of N emissions (e.g2®, NGs). However, given the clear and well quantified
effect on NH emissions, increasing the period that animalgeaeing can be considered
as a category 1 strategyo reduce emissions. The actual abatement potevitialepend

on the base situation of each animal sector in eacimtry. The effect of changing the
period of partial housing (e.g. grazed during dagtionly) is less certain and is rated as a
category 2 strategy. Changing from a fully housedaqal to grazing for part of the day is
less effective in reducing NHemissions than switching to complete (24 hour) igz
since buildings and stores remain dirty and comtitu emit NH. Grazing management
(strip grazing, rotational grazing, continuous gngy is expected to have little additional
effect on NH losses and is considered a category 3 strategy.

67.In general, increasing the energy/protein ratithe diet by using ‘older’ grass (higher
sward surface height, SSH) and/or supplementingsglg high energy feeds (e.g., silage
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maize) is category 1 strategy. However, for grasklaased ruminant production systems,
the feasibility of this strategy may be limitedpesially when conditions for growing high

energy feeds are poor and therefore have to bénased, with as consequence that a full
use of the grass production would no longer be antaed (under conditions of limited

production, e.g. milk quotas or restrictions to #remal density). Hence, improving the

energy/protein equilibrium on grassland-based fawite animal production constraints

and no possibilities of growing high energy feedstherefore considered a category 2
strategy.

68.The use of modern protein evaluation systems (@Bl in France, MP in the UK,
DVE/OEB in The Netherlands, AAT/PBV in Scandinaviemuntries) is recommended. In
dairy cattle, the use of rumen protected limitingirzo acids, like lysine and methionine
may be helpful to better balance the amino acidpmsition of protein digested from the
small intestine. Because for a successful intradncof this method detailed additional
information on the behaviour of the feed in theediiyve tract is required, this is considered
a category 2 strategy.

69. Shifting N excretion from urea in urine to protémdung is also an effective measure
for decreasing ammonia loss. Dietary compositioough be such that a certain degree of
hindgut fermentation is stimulated, without disiagorumen fermentation. This will shift
the excretion of N from urine to dung. Hind gutnf@ntation can be stimulated by the
inclusion of rumen resistant starch or fermentdtidee that escapes fermentation in the
rumen (Van Vuuren et al.,, 1993). Because in thedduh acetogenic rather than
methanogenic bacteria are present, there is fitkeof elevated Chllosses. Knowledge on
factors responsible for shifting N excretion fromea in urine to protein in dung are as yet
insufficient and this approach is considered agmie? strategy.

70.The pH of freshly excreted urine ranges from 5%-8nd mainly depends on the
electrolyte content of the diet. Although the pHIwventually rise towards alkaline values
due to the hydrolysis of urea irrespective of alifpH, it are the initial pH and the pH
buffering capacity of urine which determine theeratf NH; volatilization from urine
immediately following urination. Lowering the pH afrine of ruminants is theoretical
possible. However, there are interactions with eimelume, ruminant performance, and
animal welfare and it is therefore considered &gaty 3 technique. Similarly, lowering
the pH of dung is theoretically possible, but tiight easily coincide with disturbed rumen
fermentation and is therefore not recommended. i&ecaf the health risks involved this is
considered a category 3 technique. Dung consist@ocyd be used to monitor the
adequacy of rumen fermentation.

71.Monitoring the protein status is possible with {halculated) rumen degradable protein
balance (e.g., PBV in Scandinavian countries, OiEBhe Netherlands) and/or milk urea
nitrogen (MUN) can be used too. MUN should prefgraint exceed 10 mg/dl (milk urea
below 22 mg/dl). Knowledge on factors responsikbe Variation in MUN is as yet
insufficient and this approach is considered agmie? strategy.
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72.There are also herd management options to reduce @thissions. Firstly, by
increasing the genetic potential of the cows (mmoii& per cow). This will lead to a higher
NUE at herd level because of the lower share ofhteaance energy. By equal total annual
milk output per country the number of dairy cowsl aeplacement cattle will consequently
decrease. Secondly, by increasing the number tdtians per cow. This will reduce the
number of replacement cattle. Finally, the actuahhber of replacement cattle per dairy
cow should be optimized. All three options are aglderm approach, but nevertheless
represent category 1 techniques where to redugalbgenmonia emissions.

73.Rotational corralling of ruminants on crop land magtuce NH emissions and increase
N recovery from animal manure compared to the coteeal practice of barn manure
collection and land application of manure (Powelt aRusselle, 2009). Overall results
demonstrated that corralling dairy cattle on croglamproves urine N capture, reduces
ammonia loss and enhances manure N recycling thronagps.

74.Various feed strategies are able to reduce uriNaexcretion from housed dairy cattle.
A close matching of diets to animal nutritional uggments, feeding only enough RUP to
meet cows’ metabolizable protein requirements, ceuparticle size to increase ruminal
digestion of grain starch and increase microbiatgin formation (so long as ruminal pH is
not depressed) optimizes microbial protein synthesiaximizes feed N conversion into
milk and minimizes urinary N excretion.

Feeding strategies for pigs

75. Feeding measures in pig production include phasdifg, formulating diets based

on digestible/available nutrients, using low-proteimino acid-supplemented diets, and
feed additives/supplements. Further techniques cameently being investigated (e.g.

different feeds for males and females) and mighadsitionally available in the future.

76.Phase feeding (different feed composition for dédfe¢ age or production groups) offers
a cost-effective means of reducing N excretion fygigs and could be implemented in the
short term. Multi-phase feeding depends on compaitbrd automated equipment.

77.The crude protein content of the pig ration carrdsiuced if the amino acid supply is
optimised through the addition of synthetic amicasa (e.g. lysine, methionine, threonine,
tryptophan) or special feed components.

78.A crude protein reduction of 2 to 3 per cent (2B@g/kg of feed) can be achieved
depending on pig production category and the custamting point. The resulting range of
dietary crude protein contents is reported in T&bvl&he values in the table are indicative
target levels and may need to be adapted to lacalitons.
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Table 9: Target crude protein levels in feed for pig rasion

Species Phases Crude protein content, % *)
Weaner <10 kg 19-21
Piglet < 25 kg 17-19
Fattening pig 25-50 kg 15-17
50-110 kg 14-15
>110 kg 12-13
Sows Gestation 13-15
Lactation 15-17

*) With adequately balanced and optimal amino acigply

79.For every 10 g/kg reduction in crude protein cohteinthe diet a 10% lower TAN
content of the pig slurry and 10% lower NEmissions can be achieved in growing
finishing pigs (Canh et al., (1998b). Currentlyy@e protein content of the diet of growing-
finishing pigs is approximately 170 g/kg. In expeents, it has been demonstrated that
decreases to 120 g protein per kg diet can be \sahieithout any effect on growth rate or
feed efficiency when limiting amino acids are addedb0% NH emission reduction). In
practice, 140 g protein per kg diet is economictdbsible (= 30% Nklemission reduction,
relative to the baseline value with a protein cohtef 170 g/kg). This can be achieved by
phase feeding and adding the most limiting amindsa@Canh et al., 1998b; Dourmad et
al., 1993; Lenis and Schutte, 1990). Although sidme work needs to be done for the
practical implementation, this is considered a gatg 1 technique for growing-finishing
pigs. For sows and weaned piglets additional stualie needed, so for these categories it is
considered a category 2 technique.

80. The addition of special components with high nargt polysaccharide (NSP) content
(e.g. sugar beet pulp, soybean hulls) can redueepth of pig excreta and thus NH
emissions. Increasing the amount of non-starchsaalgharides (NSP) in the diet increases
the bacterial fermentation in the large intestimkich results in the immobilization of urea-
N from the blood into bacterial protein. Ammoniaissions decrease by approximately 16
and 25% when NSP content of the diet increases #0@hto 300 and further to 400 g/kg
diet, respectively. However, the effect on Ntissions depends to a certain extent also on
the kind of NSP in the diet. Increasing the leveN&P in the diet may also have negative
impacts. At high NSP levels, nutrient digestibilithecreases and this increases waste
production, which is undesirable in animal densesasr Furthermore, at increasing NSP
levels in the diet volatile fatty acids (VFA) comtetions in the manure increases.
Although VFA’s are not the most important odorowsnpounds, increased VFA levels
may increase odour release from the manure. Aeasing NSP levels in the diet methane
production from animal and manure may also incrégehgessner et al., 1991). Because
of all these reasons increasing the amount of Ni$ tRe diet as means to decrease;NH
emissions is considered a category 3 strategy imandense areas and a category 2
strategy in other areas.

81.Replacing CaCe@in the animal feed by Ca30CaC}, or Ca-benzoate reduces the pH
of urine and slurry and the NHemission from the urine and slurry. By replacoadcium
(6 g/kg) in the diet in the form of CaG®y Ca-benzoate, urinary and slurry pH can be
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lowered by more than 2 units. In that casesNdhission can be reduced up to 60%.
Benzoic acid is degraded in the pig to hippuricdadhat lowers the urine pH and
consequently the pH of the slurry stored in thehmgse. Benzoic acid is officially allowed
in the EU as acidity controlling agent (E210), asclso admitted as feeding additive for
fattening pigs (1% dosage) and piglets (0.5% doséeegistered trade mark: Vevovitall).
Addition of 1% benzoic acid to th e diet of growifigishing pigs lowers NH3 emissions
by approximately 20% (Aarnink et al., 2008; Guindat al., 2005). A similar replacement
of CaCO3 by Ca-sulphate or Ca-chloride reducespttheof slurry by 1.2 units and NH
emission by approximately 35% (Canh et al., 1999apz et al., 1996). Addition of
benzoic acid is considered a category 1 techniqugrbwing-finishing pigs and a category
2 technique for other pig categories. ReplaceméntaCQ by CaSQ, CaC}, or Ca-
benzoate is considered a category 2 techniqudlfpigecategories.

82.The effects of the feeding measures mentionedriagoaphs 61 to 63 have independent
effects on NH emission. This means that these effects are addf#it a relative scale)
(Bakker and Smits (2002). Combined feeding measwaes considered category 2
techniques for all categories of pigs.

Feeding strategies for poultry

83.For poultry, the potential for reducing N excretitmough feeding measures is more
limited than for pigs because the conversion efficy is already high and the variability
within a flock of birds is greater. A crude proteeduction of 1 to 2 per cent (10 to 20 g/kg
of feed) can usually be achieved depending on peeiss and the current starting point.
The resulting range of dietary crude protein cotses reported in Table 10. The values in
the table are indicative target levels, which magdto be adapted to local conditions.
Further applied nutrition research is currentlynigecarried out in a number of EU Member
States and may support further possible reductiotige future.

Table 10: Target crude protein levels in feed for poultry

Species Phases Crude protein content, % *)
Chicken, broilers Starter 20-22
Grower 19-21
Finisher 18-20
Chicken, layers 18-40 weeks 15.5-16.5
40+ weeks 14.5-15.5
Turkeys < 4 weeks 24-27
5-8 weeks 22-24
9-12 weeks 19-21
13+ weeks 16-19
16+ weeks 14 -17

*) With adequately balanced and optimal amino acigply
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Summary and synthesis and of feeding strategies

84.Low-protein animal feeding is one of the most ceféctive and strategic ways of
reducing NH emissions. For each percent (absolute value) deerm protein content of
the animal feed, Niemissions from animal housing, manure storagelamdpplication of
animal manure to land are decreased by 5 to 15%€ndkng also on the pH of the urine
and dung. Low-protein animal feeding also decre®$£3 emissions, and increases the
efficiency of nitrogen use in animal production. tdover, there are no animal health and
animal welfare implications as long as the requéeets for all amino acids are met.

85.Low-protein animal feeding is most applicable toused animals and less for

grassland-based systems with grazing animals, becgtass in an early physiological

growth stage and grassland with leguminous spe@eas clover and lucerne) have a
relatively high protein content. However, there strategies to lower the protein content in
herbage (balanced N fertilization, grazing/harvestihe grassland at later physiological
growth stage, etc.) as well as in the ration ofsgiend-based systems (supplemental
feeding with low-protein feeds), but these stragsgire not always fully applicable.

86.Table 11 presents ranges of target crude protduresdor various animal categories
and for three ‘ambition levels’ of nitrogen mitigat. The ‘high ambition values’ relate to
the lowest ranges of crude protein contents in ¢heaent guidelines for best feed
management practices and low-protein feeding manege These values have been tested
manifold in research and proven to be solid in ficac The medium and low ambition
target crude protein values have been derived fiteenhigh ambition targets by simply
increasing the target crude-protein content by fcqré point. The achievable ambition
levels for housed animals depend on the manageskiindf the farmer and the availability
of the animal feedstuffs with low protein conteéntluding synthetic amino acids.

87.The cost of synthetic amino acids supplementatetive to using soya beans depends
on world market prices of these amino acids andh dman, but the costs of amino acids
supplementation tend to go down. The cost of supgfgation of amino acids increases
when the target protein content in the animal fisddwered. This is show below for feed
of fattening pits (personal communication Dr. Anéianink, October, 2009)

Target protein content, %. Extra costs, euro per 100 kg feed
15 0.00
13.5 0.90
12.7 3.10

27



Table 11:Possible crude protein levels (percent of dry feét a standard dry matter content of 88%) for
housed animals as function of animal category andifferent ambition levels. These crude proteifues
can be used as annual mean targets in low-protéimeh feeding strategies.

Animal type Mean crude protein content of the animal feed, %
Low ambition Medium ambition High ambition
Dairy cattle, early lactation (>30kg/day) 17-18 1B6- 15-16
Dairy cattle, early lactation (<30kg/day) 16-17 16- 14-15
Dairy cattle, late lactation 15-16 14-15 12-14
Replacement cattle (young cattle) 14-16 13-14 12-13
Veal 20-22 19-20 17-19
Beef <3 months 17-18 16-17 15-16
Beef >6 months 14-15 13-14 12-13
Sows, gestation 15-16 14-15 13-14
Sows, lactation 17-18 16-17 15-16
Weaner, <10 kg 21-22 20-21 19-20
Piglet, 10-25 kg 19-20 18-19 17-18
Fattening pig 25-50 kg 17-18 16-17 15-16
Fattening pig 50-110 kg 15-16 14-15 13-14
Fattening pigs >110 13-14 12-13 11-12
Chicken, broilers, starter 22-23 21-22 20-21
Chicken, broilers, growers 21-22 20-21 19-20
Chicken, broilers, finishers 20-21 19-20 18-19
Chicken, layers, 18-40 weeks 17-18 16-17 15-16
Chicken, layers, >40 weeks 16-17 15-16 14-15
Turkeys, <4 weeks 26-27 25-26 24-25
Turkeys, 5-8 weeks 24-25 23-24 22-23
Turkeys, 9-12 weeks 21-22 20-21 19-20
Turkeys, 13 -16 weeks 18-19 17-18 16-17
Turkeys, >16 weeks 16-17 15-16 14-15

88.The high ambition values presented in Table 11 beaylifficult to achieve when the
feed quality is low (high fiber content and low dggibility of the feed). In these conditions,
specific feed additives may help to increase thgestibility. Ruminants and also pigs
(especially sows) need minimum fiber content in tbed for proper functioning of the

rumen and for welfare reasons.

89.For producing special meat (and milk) products, rd@mmended protein content of
the animal feed for a specific animal category reayslightly above the upper value of the

indicated ranges in Table 11.
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V. LIVESTOCK HOUSING
[Further updates on this section will include aidaitof references]

90. Animal housing varies enormously across the UN/E€gton and NH emissions will
vary accordingly. In general, emissions from ltee& housing will be reduced if the
surface area of exposed manures is reduced angzbrmanures are frequently removed
and placed in covered storage outside the buildifigmission reductions can also be
achieved in poultry housing by drying manure atteérito a point where NHs no longer
formed by hydrolysis of uric acid. Many of the igpis for reducing emissions from
housing can be implemented only for newly built $®&1 Others require significant
structural changes or energy inputs. For thessoreathey are often more expensive than
improved techniques for livestock diets, manureagje and the application of manure to
land.

91.Reference techniques The level of NH emission reduction achieved through new
livestock housing designs will depend critically e housing types currently in use. The
reference techniques are described according tole@stock type.

A. Housing systems for dairy and beef cattle

92.Technigues to reduce NHemissions in cattle housing apply one or more haf t
following principles:

- Decreasing the surface area fouled by manure;

Adsorption of urine (e.g. by straw);

Rapid removal of urine; rapid separation of faeaed urine;
Decreasing of the air velocity above the manure;

Reducing the temperature of the manure and éhces it covers.

93.Housing systems for cattle are very varied acrasgfie. While loose housing is most
common, dairy cattle are still kept in tied staissome countries. In these systems all or
part of the excreta is collected in the form ofrsiu If solid manure is produced, it may be
removed from the house daily. Loose housing systara most commonly slurry-based.
The system most commonly researched is the “cubiciese” for dairy cows, where NH
emissions arise from fouled slatted and/or sold® and from manure pits and channels
beneath the slats/floor.

94.Reference System3wo references apply for cattle housing dependingnational
practices: the cubicle house and the tied animaké&o In Table 12, cubicle housing is
referred to as reference 1, while tied housingference 2. Buildings in which the cattle
are held in tied stalls emit less Hlhan loose housing, because a smaller floor area i
fouled with dung and urine. However, tied systemesret recommended because of animal
welfare considerations.
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95. Animal welfare consideratiortend to lead to an increase of the soiled walkiregp per
animal and a corresponding increase of emissi@ienges in building design to meet new
animal welfare legislation in some countries (ebanging from tied stall to cubicle
housing) will therefore increase Nlgmissions unless other measures are introdudbe at
same time to combat this increase. Conversely,gdsam building design to meet animal
welfare requirements represent an important oppiytuto introduce NH mitigation
measures in at the same time, thereby reducingasts of the mitigation measures.

Category 1 techniques

96.In the "grooved floor" systeror dairy and beef cattle housing, the use ofcathied”
scraper running over a grooved floor is a reliatdehnique to abate NHemissions.
Grooves should be equipped with perforations tovallirainage of urine. This results in a
clean, and therefore reduced-emission floor susfatele still providing enough grip for
the cattle to prevent any problems of slipping. isTéystem is implemented on several
farms in the Netherlands.

97.In houses with traditional slats (either non-slgpih% sloping or grooved), an optimal
barn climatization with roof insulation (RI) and/@automatically controlled natural

ventilation (ACNV) can achieve a moderate emissieduction due to the decreased
temperature (especially in summer) and reducededocities.

Category 2 techniques

98. Different improved floor typebased on slats or solid, profiled concrete elemang
being tested in the Netherlands. Emission reductsomachieved by a combination of
emission reduction from the floor (increased ruinodfurine) and from the pit (reduction of
air exchange by rubber flaps in the floor slotd)e Emission abatement efficiency depends
on the specific technical characteristics of thstey. Quantification is not yet possible.
However, measurement programs to establish emidsictors are implemented in the
Netherlands.

99.Solid versus slurry manure systeniesearch to date has shown that straw-based
systems for cattle are not likely to emit less NRl the animal houses than slurry-based
systems. However, straw-based systems producind s@nure can give less emission
than slurry after spreading the manure on the fi€idnilarly, the physical separation of
faeces (which contains urease) and urine in thesihgusystem can reduce both emissions
during housing and emissions at the time of maspreading. It may also be possible to
further reduce ammonia emissions through altereatierd management. Verification of
any NH; emission reductions from using solid-manure verslusry-based systems and
from solid-liquid separation should consider ak thtages of emission (housing, storage,
land application).
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100. Bedding materialin animal housing can have impacts on sN#hmissions. The
physical characteristics (urine absorbance capauitfk density) of bedding materials are
of more importance than their chemical characiess{pH, cation exchange capacity,
carbon to nitrogen ratio) in determining ammoniaissions from dairy barn floors
(Misselbrook and Powell, 2005). Ammonia emissioresensignificantly lower from sand
(23% of applied urine N), followed by pine shavirng2% of applied urine N), than from
the other four (straw, newspaper, cornstalks amgcted manure solids) bedding types
(mean 63% of applied urine N). Ammonia emissiorisdg/d) from manure solids (20.0),
newspaper (18.9) and straw (18.9) were similar sigdificantly greater than emissions
using pine shavings (15.2).

101. Chemical air scrubbersare also increasingly discussed for cattle housings
approach applies only to cattle houses with foreeatillation (rather than natural
ventillation). Although such systems have been destrated to be very effective for pig
housing systems, due to the need for more reseatitcattle housing they are considered
here as a category 2 technique.

Category 3 techniques

102. Scraping and flushing systems A number of systems have been tried
involving the regular removal of the slurry frometfioor to a covered store outside of the
building. These involve flushing with water, actliluted or mechanically-separated slurry,
or scraping with or without water sprinklers. langral, these systems have proved to be
ineffective or too difficult to maintain. The usésmooth and/or sloping floors to assist in
scraping or flushing has given rise to problemshwanimal slipping and potentially
injuring themselves. None of these systems carefiwer be considered as category 2
techniques at present.

103. Table 12 gives emissions from different cattle hogisystems (reference systems
and category 1 and 2 techniques).

Table 12: Ammonia emissions of different cattle housing syst (reference systems and category 1 and 2
techniques)

Housing type Reduction “Ammonia emission
(%) (kg/cow placelyear)

Cubicle house (Reference 1) 0 "2

Tied systerfi (Reference 2) 60 4.8

Grooved floor (Cat. 1) 25 9

Optimal barn climatization with roof insulation 20 9.6

Chemical air scrubbers (forced ventillation systemiy) 70-95 1.2

Bedding of sand (solid manure system only) 60 4.8

Bedding of pine shavings (solid manure system only) 30 8.4

a/ Tied systems are not favoured for animal welfaesons. Any conversion from tied stall to cublubeises (e.g.

to meet welfare requirements) should address tipertymity to include NH emission mitigation measures at the same
time.

d Emissions with full time housing of the animalith grazing, emissions have to be reduced propaatly to
the absence of the animals from the house.
d/ Based on a walking area of 4-4.8per cow and permanent housing.
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B. Housing systems for pigs

104. Reference systenmEmissions from fully slatted pig houses with arage pit
underneath are taken as the reference, althougbonme countries these systems are
prohibited for animal welfare reasons.

105. Designs to reduce NHemissions from pig housing systems apply the ¥ahg
principles:
(@ Reducing emitting manure surfaces (soiled floorurrgl surface in
channels);
(b) Removing the manure (slurry) from the pit frequentd an external slurry
store;
(c) Additional treatment, such as aeration, to obthishing liquid;
(d) Cooling the manure surface;
(e) Changing the chemical/lphysical properties of thenun@ such as
decreasing pH, and/or;
()  Using surfaces which are smooth and easy to clean;
(g) Treatment of exhaust air by acid scrubbers or ioiding filters.
(h) Lowering the indoor temperature as animal welfar@ groduction allow.
() Reducing ventilation rate taking into account thmimum levels required
for animal welfare reasons.
() Reducing air flow over the manure surface

106. Designs to reduce all emissions from pig housiregaso described in the BREF
relating to intensive pig production (larger pigtalations).

i. General measures for pig houses

107. Concrete, steel and plastic are used in the cargiruof slatted floors. Generally
speaking, and given the same slot width, manurppdid on concrete slats takes longer to
fall into the pit and this is associated with gezagmissions of Nglithan when using steel
or plastic slats. It is worth noting that steelslare not allowed in some countries.

108. Frequent removal of manure by flushing with slumgy result in a peak in odour
emissions with each flush. Flushing is normally eltwice a day: once in the morning and
once in the evening. These peaks in odour emissianscause nuisance to neighbours.
Additionally treatment of the slurry also requiresergy. These cross-media effects have
been taken into account in defining BAT on the @asi housing designs.
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109. With respect to litter, it is expected that the agstraw in pig housing will increase
due to raised awareness of animal welfare. It mayabplied in conjunction with
(automatically) controlled naturally-ventilated lng systems, where straw would allow
the animals to control the temperature themsethes, requiring less energy for ventilation
and heating. In systems where litter is used, #reip divided into a dunging area (without
litter) and a littered solid floor area. It is refea that pigs do not always use these areas in
the correct way and dung in the littered area a®lthe slatted area to lie on. However, the
pen design can influence the behaviour of the mtbpugh it is reported that in regions
with a warm climate this might not be sufficienitdgrated evaluation of straw use would
include the extra costs for straw supply and mugkout as well as the possible
consequences for the emissions from storage ofyeemmanure and for the application
onto land. The use of straw results in farmyard unarhas the benefit of increasing the
organic matter (carbon storage) of the soils.

Category 1 techniques

110. A number of manure removal or treatment systemshmmsed to reduce NH
emissions from pig housing:

(@) Reducing the emitting manure surfaBartly slatted floors (some 50% area),
generally emit less Nl particularly if the slats are metal- or plastaated, allowing the
manure to fall more rapidly and more completelyitite pit below. Emissions from the
solid part of the floor can be reduced by usingnatined or convex, smoothly finished
surface, by appropriate siting of the feeding amadlenng facilities to prevent fouling the
solid areas and by good climate control.

(b) Flushing systemd here are many different types of flushing system
Low-emission flushing systems remove the manune fitoe pit rapidly.

(c) Vacuum systemBRapid removal of manure from pits can be achidwed
vacuum removal systems operated at least twicesl.we

(d) Manure coolingCooling of the surface of the manure in the urftbe¥ pit to
12°C or less by pumping groundwater through a floakingt exchanger can substantially
reduce NH emissions. A readily-available source of groundwé required and the
system may not be allowed where drinking watextsagted. There may be significant
costs to setting up such a system.

111. A housing system has been developed incorporatiagune surface cooling fins
using a closed system with heating pumps. It persowell (Category 1), but is a very
costly system. In retrofit situations this techréquan be economically viable, but this has
to be decided on a case-by-case basis. It shouhbteel that energy efficiency can be less
in situations where the heat that arises from thaiieg is not used, e.g. because there are
no weaners to be kept warm.
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112. New designs for pig housing should, ideally, ingggrthe floor, manure pit and
removal system with pen geometry to influence drigkand dunging areas in combination.
Manure pit surface area can be reduced by usingx@mple, manure pans, manure gutters
or small manure channels.

113. Treatment of exhaust abyy acid scrubbers or biotrickling filters is anettoption
that has proven to be practical and effective fmgeé scale operations in Denmark,
Germany and the Netherlands. A number of manufexdysrovide scrubber and trickling
filters that are subject to field test and ceréifion procedures in these countries to be
admitted for practical use. They are most econdigigaractical when installed into
ventilation systems during the building of new hesisApplication in existing housing
demand extra costs to modify ventilation systemsther information is desirable on the
suitability of these systems for housing systemSanth and Central Europe.

114. Acid scrubbers mainly apply sulphuric acid in theacirculation water to bind
ammonia as ammonium sulphate and have demonstaatesonia removal efficiencies
between 70 and 95 per cent, depending on theirgtitedues. Nitrogen is removed out of
the system by controlled discharge of recirculatiwater that contains an ammonium
sulphate solution. In biotrickling filters, ammongconverted in nitrate by biomass on the
synthetic package material and in the recirculatiater. Ammonia removal efficiencies of
70 per cent can be guaranteed for properly desifltes. Operational costs of both acid
scrubbers and trickling filters are especially dejant on the extra energy use by water
recirculation and increased pressure differenceswvever, the high ammonia removal
capacity of scrubbers enables in several partsuobde scales of farming operations that
outweigh the higher operational costs.

Category 2 techniques

115. The ventilation system should be designed so thdtas sufficient capacity to
control the house temperature in warm summer mowtien the house is fully stocked
with the heaviest animals, and to also have sefiiicicontrol to provide a minimum
ventilation rate in colder winter months when tleige is stocked with the lightest animals.

116. Significant reduction in power consumption and amia@mission can be achieved
by a combined system for controlling heating andtilegtion systems that are optimally
aligned to the requirements of the livestock. Matibn control strategy must restrict
ventilation rate according to the actual animal gh&i outdoor temperature and desired
indoor climate

117. Other systems which could reduce NiHclude increasing the depth of the under-
floor manure pit further (1.2 m is suggested indtef0.45 m) to maintain the slurry at a
lower temperature, and mixing bedding straw withtp@r other substances). The use of
peat, however, is considered unsustainable in roangtries.
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ii. Housing systems for growers/finishers

118. Growers/finishers are always housed in a groupraost of the systems for group
housing of sows apply here as well. The followieghniques are compared against a
specific reference system. The reference systemgréawers/finishers is a fully slatted floor
with a deep manure pit underneath and mechanigdllaton. The associated emission
level range is between 2.39 and 3.0 kgsNidr pig place per year. The system has been
applied commonly throughout Europe.

Table 13: Category 1 techniques: reductions and costs ofdmigsion housing systems for fattening pigs.
[the units need to be clarified e.g. €/kg NH3-Ntad§

Emission CAPEX (new) OPEX new
Systems reduct!on (cost relative to  (cost relative to BAT Assessmerit
potential  the reference the reference
(%) (€)) (€)
Group-housed on fully slatted
. 0 0 0
floors: Reference*
Fully slatted floor
With vacuum system 25 8.60 4.30 BAT
Wwith flush channels;no 5, 12.16 6.08 conditional BAT
aeration
Flush guttersitubes; no 2.44 t0 8.54 1.22t0 4.27 conditional BAT
aeration
With flush channels; aeration 55 4.82 2.41 BAT, witds already in place
flush gutters/tubes; aeration 55 0.56 to 5.54 2R 77 BAT, when it is already in place
Partly slatted floors
With scraper; concrete slats 40 no data 5.93 BATemit is already in place
With surface cooling fin; BAT, when it is already in place,
concrete slats 50 30.40 550 and conditional BAT for retrofit
With surface cooling fin; steel BAT, when it is already in place,
slats 60 43.00 8.00 and conditional BAT for retrofit
With ﬂUSh channels; no 50 no data 6.07 conditional BAT
aeration
With flush channels; aeration 60 no data 2.89 Bwiien it is already in place
With flush guttersitubes; no ¢, 59.00 9.45 conditional BAT
aeration
With ﬂUSh guttersfbes; 60 161.80 57.40 BAT, when it is already in place
aeration
With channel/slanted 60 3.00 0.50 BAT
walls/concrete slats
With channel/slanted 65 23.00 544 BAT
walls/metal slats
With scraper; metal slats 50 no data 5.93 BAT, wih@&nalready in place
Fully and partly slatted floors
Acid scrubber, new building 90 32.30 11.40
Briotrickling filter, new 70 34.60 11.00

building

*Reference system, a fully concrete slatted flbas an NHemission of 2.4 up to 3.0 kg NiKg/year/place).
# The definition of BAT includes a non-quantifie@ément of cost. Category 1 techniques may notgefbeg, have been
defined as BAT because of perception of costs,ay omly have been defined as BAT where alreadgrfitt
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iil. Housing systems for farrowing sows (including pigles)

119. Reference systenfkarrowing sows in Europe are generally housedrates with
steel and/or plastic slatted floors and a deep neapii underneath. In the majority of the
houses, sows are confined in their movement, wighets walking around freely. All
houses have controlled ventilation and often adwkarea for the piglets during the first
few days.

120. The difference between fully and partly slatteaflis not so distinct in the case of

farrowing sows, where the sow is confined in itsveraent. In both cases, manuring takes
place in the same slatted area. Reduction techsitjuerefore focus predominantly on

alterations in the manure pit.

Table 14: Category 1 techniques: reductions and costs ofdmigsion housing systems for farrowing sows
including piglets.[the units need to be clarified e.g. €/kg NH3-N teld

Emission  CAPEX (new) OPEX new

Systems reductl_on (cost relative  (cost relative BAT Assessmerit
potential to the to the
(%) reference (€)) reference (€))
Housing with confined 0 0 0

movement: Reference*

Fully slatted floor with plastic or steel slats
BAT, when it is already

With a board on a slope 30 260 29.50 .
in place
With water and manure 50 60 1.00 BAT
channel
With flushing and manure 60 535 86.00 BAT
gutters
With a manure pan 65 280 45.85 BAT
BAT, when it is already
With surface cooling fins 70 302 51.20 in place, and conditional

BAT in retrofit situations

Partly slatted floors with plastic or steel slats
With a reduced manure pit 30 0 0 .BAT’ when it is already
in place

Fully and partly slatted floors

Acid scrubber, new building 90 107.60 38.00

Brl_ot_rlckllng filter, new 70 115.20 36.60

building

*Reference system with steel or plastic slats,ammammonia emission of 8.3 up to 8.7 kgNg/year/place).

# The definition of BAT includes a non-quantifie@ément of cost. Category 1 techniques may notgefbeg, have been
defined as BAT because of perception of costs,ayr omly have been defined as BAT where alreadgrfitt
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iv. Housing systems for mating/gestating sows

121. Reference systeriihe reference system for housing of mating anthgag sows is
the fully slatted floor (concrete slats) with a plgst.

122. Mating and gestating sows are housed individuatlynoa group. Group-housing
systems require other feeding systems (e.g. elactsow feeders) and a pen design that
influences sow behaviour (use of manure and lynegs). Group housing is compulsory in
new sow housing throughout EU Member States a2@1/3 all mating and gestating sows,
four weeks after being served or inseminated, ale to be housed in groups. From the
environmental point of view, submitted data did reggort differences and seem to indicate
that group-housing systems have similar emissigeldeto those from individual housing,
if identical emission reduction techniques are igopl

Table 15: Category 1 techniques, reduction and costs of Imigssion housing systems for mating and
gestating sowsthe units need to be clarified e.g. €/kg NH3-Ntald

Emission CAPEX (new) OPEX new

reduction  (cost relative to  (cost relative

potential  the reference to the BAT Assessmerit
(%) (€) reference (€))

Systems

Individual housed on fully slatted
floor:: Reference*
Fully concrete slatted floor

0 0 0

With vacuum system 25 8.60 4.30 BAT
BAT, when it is already in place
With flush channels; no aeration 30 12.16 6.08 and conditional BAT for new
buildings
With flush channels; aeration 55 4.82 2.41 condalBAT
BAT, when it is already in place
Flush gutters/tubes; no aeration 40 2.44t08.54 221t 4.27 and conditional BAT for new build
situations
Flush gutters/tubes; aeration 55 0.56 to -/- 5.54 .28 -/- 2.77 conditional BAT
Partly slatted floors
With reduced manure pit 30 2.25 0.40 BAT
BAT, when it is already in place
With manure surface cooling fins 50 112.75 20.35 and conditional BAT in retrofit
situations
\s/\llzrtg vacuum system concrete o5 no data 14,00 BAT
With vacuum system; metal slats 35 no data -/-1.50 BAT
BAT, when it is already in place
With flush channels; no aeration 50 no data -/-6.07 and conditional BAT for new build
situations
With flush channels; aeration 60 no data -1-2.89 nditional BAT
. BAT, when it is already in place
With flush gutters/tubes; no - g, -2 (59.00) 9.45 and conditional BAT for new build
aeration o
situations
With flush gutters/tubes; aeration 70 -2 (161.80) 7.49 conditional BAT
With scraper and concrete slats 30 no data nodata BAT, when it is already in place
with scraper and metal slats 50 no data no data ,BAEN it is already in place
Fully and partly slatted floors
Acid scrubber, new building 90 64.60 22.80
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Biotrickling filter, new building 70 69.20 22.00

*The reference system is individual housing withyfiwoncrete slatted floor and has an ammonia donissf 3.12 up to
4.2 kg NH kg/year/place).

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notetbeg, have been
defined as BAT because of perception of costs,ay omly have been defined as BAT where alreadgrfitt

v. Housing systems for weaners

123. Reference systenThe reference system is a pen or flat deck withllg-slatted
floor made of plastic or metal slats and a deepurepit.

124. Weaners are housed in a group in pens or flat décksinciple, manure removal is

the same for a pen and a flat deck (raised penpriek is assumed that in principle,

reduction measures applicable to conventional wepeaes can also be applied to the flat
deck. Straw-based systems with solid concrete $l@ve conditional BAT, but cannot be
assigned to a category as no data oy &hissions have been reported.

Table 16: Category 1 techniques: reduction and costs ofdavission housing systems for weaners.
[the units need to be clarified e.g. €/kg NH3-Ntak§

CAPEX (new)  OPEX new
(cost relative to  (cost relative to
the reference the reference

®) )

Emission
Systems reduction
potential (%)

BAT Assessmerit

Pens or flat decks Fully
Slatted Floor: Reference*

Fully slatted floor
with vacuum system 25 no data no data BAT
Partly slatted floor

With a reduced manure pir7O

0 0 0

included slanted walls 4.55 0.75 BAT
Fully slatted and partly slatted floor

. BAT, when it is already
With manure scraper 35-70 68.65 12.30 in place

. BAT, when it is already
With flush gutters or flush,, or 25.00 415 in place conditional BAT
tubes, no aeration

for new houses

With two-climate system 35 no data no data BAT
;{\cl)lg: sloped or convex solid 40 0.00 0.00 BAT
With manure pit + waste 55 285 0.35 BAT
water channel
With triangle steel slats +
manure channel with slanted 70 4.55 0.75 BAT

walls
BAT, when it is already
24.00 9.75 in place and conditional
BAT in retrofit situations

With manure surface cooling 75
fins
Acid scrubber, new building 90 11.10 3.80

qutrl_ckllng filter, new 70 11.50 3.70
building
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*Reference system is a fully slatted floor withedter plastic slats and has an ammonia emissiob.®iup to 0.8 kg
NH; kg/year/place).

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notefheg, have been
defined as BAT because of perception of costs,ay omly have been defined as BAT where alreadgrfitt

C. Housing systems for poultry

i Housing systems for laying hens

125. The evaluation of housing systems for layers shaunldhe European Union (EU)
Member States, consider the requirements laid ddwnthe European Directive
1999/74/EC, on housing of laying hens. These requants prohibit the installation of new
conventional cage systems and lead to a total baheouse of such cage systems by 2012.
One specific ongoing study is focused on the varigystems of housing laying hens, and
in particular on those covered by that Directivakirig into account, amongst others, the
health and environmental impact of the variousesyst The banning of conventional cage
systems will require the use of the so-called émc cage or of non-cage systems
(alternative systems). Ammonia emissions from sydtems have not been assessed. This
has consequences for evaluating investments imhisfung existing conventional cage
systems and in the installation of new systems.afgrinvestment in systems that will be
banned by the Directive, an amortization period @fyears for the associated costs would
be advisable.

126. Reference system: Caged housing systerhe reference system used for the
housing of layers in caged systems is open marnorage under the cages. Most laying
hens are still housed in conventional cages and ofake information on Nklemission
reduction addresses this type of housing.

Category 1 techniques

127. Ammonia emissions from battery deep-pit or charsystems can be lowered by
reducing the moisture content of the manure byilaimy the manure pit. So-called “stilt
houses”, where the removal of side walls from thedr areas used to store manures, can
provide a highly effective means of ventilationhaligh no data are available to enable a
categorization of this approach.

128. The collection of manure on belts and the subsdgeemoval of manure to covered
storage outside the building can also reduce Hidissions, particularly if the manure is
dried on the belts through forced ventilation. Thanure should be dried to a dry-matter
content of 60-70% to prevent the formation of )NH the manure from the belts is
collected in an intensively ventilated drying tuhneside or outside the building, the dry-
matter content of the manure can reach 60 —80 s than 48 hours. Weekly removal
from the manure belts to covered storage has bleewrsto reduce emissions by 50%
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compared with removal every two weeks. In gen@mlssion from laying hen houses with
manure belts will depend on:

(@) The length of time that the manure is present erb#its (long time = high
emissions);

(b) The drying system,;

(c) The poultry breed,;

(d) The ventilation rate at the belt (low rate = highigsions);

(e) Feed composition.

Table 17: Caged housing systems for laying hens: technicares associated NHemission reduction
potential

NH; reduction  BAT assessmenit
potential (%)

Category 1 & 2 techniques

1. Non-aerated open manure o*
storage under cages (RT)*

2. Manure removal by way of 0
scrapers to open storage

Not applicable

Not assessed

3. Aerated open manure storage 30
under cages (deep-pit or high rise
systems and channel house)

Conditional BAT. In regions where a
Mediterranean climate prevails this system
is BAT. In regions with much lower

average temperatures (and increased
moisture), this technique can show a
significantly greater Nglemission, but is
considered BAT provided there is a means
of ventilating the manure store.

4. Manure removal by way of  58-76 BAT
belts to closed storage

5. Vertical tiered cages with 55 BAT
manure belts and forced air drying

6. Vertical tiered cages with 60 BAT
manure belts and whisk-forced air

drying

7. Vertical tiered cages with 70-88 BAT
manure belts and improved forced

air drying

8. Vertical tiered cages with 80 BAT

manure belts and inside or outside

drying tunnel

9. Chemical scrubbing of exhaus¥5-90 [BAT]
air

* Reference techniques (RT) and all the other rédncpercentages of the other techniques are based.083 kg
NHs/year x place. In the warmer regions of Europeemmssion of the RT of 0.220 kg Niear x place has been
measured.

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notefheg, have been
defined as BAT because of perception of costs,ayr amly have been defined as BAT where alreadgditt

129. Non-caged housing systems. the EU, non-caged housing for laying hens is
expected to attract more attention because of dnuidéare considerations. In this section,
techniqgues are compared against a specific refersgstem — the deep litter system
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(without aeration of the litter). This system laggproximately40 per cent greater emissions
than the reference system for cages.

Table 18:Non-caged housing systems for laying hens: tecksigund associated Nldmission reduction
potential

Category 1 and 2 techniques NEklreduction potential BAT assessmerit
(%)

Deep litter system (RT)* 0* Not applicable

Deep litter with forced manure drying0 BAT

Deep litter with perforated floor and 65 BAT

forced manure drying

Aviary system 71 BAT

Chemical scrubbing of exhaust air 75-90 [BAT]

* Reference techniques (RT) and all the other rédo@ercentages of the other techniques are as€d315 kg
NHa/year x place.

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notefheg, have been
defined as BAT because of perception of costs,ayr amly have been defined as BAT where alreadgditt

130. The same system of manure ventilation and remaval aage systems can apply to
some aviary systems where manure belts are placeer uhe tiers to collect the manure
where the hens are free to walk around.

131. In some countries, the definition of “free rangetludes such systems but with
access to outdoors. In other countries, laying herifree-range systems” are housed on
solid or partly slatted floors. In these systenes ghlid floor area is covered with litter and
the hens have some access to the outdoors. Maoeuealates either on the solid floor or
under the slatted area for the laying period (akbutmonths). Currently there are no
proven reduced-Niisystems for these free-range houses.

Category 2 techniques

132. Treatment of exhaust air by acid scrubber or lgkling filters is an option that has
been successfully applied on in several countddthough highly effective in terms of
ammonia removal (90%), the high dust loads in pguibusings can complicate reliable
long term functioning of current designs. Compate@gbig production, the relatively high
costs to treat the fully installed ventilation cejya have blocked wider application of the
current generation of scrubbei$lote: there remains debate within the Task Forge o
whether acid scrubbing of exhaust air in poultrgtegns should be considered a category 1
method.]
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ii. Housing systems for broilers

133. Traditionally, broilers are kept in buildings withsolid, fully littered floor. This is
taken as the reference. To minimize Ndission, it is important to keep the litter ag ds
possible. The dry-matter content and the emissidtHy depend on the:

(@) Drinking-water system (avoiding leakage and spills)
(b) Duration of the breeding period;

(c) Animal density and weight;

(d) Use of air purification systems;

(e) Use of floor insulation;

(H Feed.

Category 1 technique

134. A simple way of maintaining dry manure and redudifigs emission is to reduce
the spillage of water from the drinking system (auging a nipple drinking system). In
Table 19, category 1 techniques are indicated whieh BAT under all conditions. In
contrast to other category 1 measures, no dateepogted of reductions in NHmissions.
Nevertheless, the effectiveness of inhibiting @ed hydrolysis in preventing emission is
so well established that measures that keep manymay be considered as category 1.

Category 2 techniques

135. Effective emission reduction can be achieved thnotayced drying and several
systems are currently being evaluated (Table 1i¢s& systems are very energy-intensive
(double the electricity use of a conventional l@oihouse) and might increase dust
emissions. However, the extra ventilation improttes distribution of heat, giving some
savings on heating costs. The Combideck Systematsm be considered a category 2
technique because it is BAT only if local condigoallow its adoption[Note: this should
be reviewed]

Table 19: Housing systems for broilers: techniques and aasetiNH emission reduction potential
NH; reduction BAT assessmernit
potential (%)
Deep litter; fan ventilated house (RT)*  0* Not ajopble
Naturally-ventilated house with a fully No data BAT
littered floor and equipped with non-
leaking drinking system (cat.1)
Well-insulated fan ventilated house withNo data BAT
a fully littered floor and equipped with
non-leaking drinking system (cat.1)
Perforated forced air drying (cat. 2) 82 BAT onty housing systems that are already in
place

Tiered floor and forced air drying (cat. 94
2)
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Tiered removable sides; forced air 94
drying (cat.2)

Combideck System (cat. 2) 44 Conditional BAT**
Chemical scrubbing of exhaust air 90 [BAT]
(cat. 2)

*Reference techniques (RT) and all the other raedncpercentages of the other techniques are based.G80 kg
NHa/year x place.

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notefheg, have been
defined as BAT because of perception of costs,ayr amly have been defined as BAT where alreadgditt

** |t can be applied if local conditions allow; eifgsoil conditions allow the installation of closedderground storage of
the circulated water. It is not yet known if thigseem performs equally well in locations where fsoare longer and
harder and penetrate the soil or where the clinmmuch warmer and the cooling capacity of the sught not be
sufficient.

136. Application of air scrubber technology to remove Nffom ventilation air of
broiler houses, although effective in ammonia reahde.g. 90% removal), has not yet
been used widelyfNote: there remains debate within the Task Fomewbether acid
scrubbing of exhaust air in poultry systems shda@atonsidered a category 1 method.]

iii. Housing systems for turkeys and ducks

137. Reference system turkeyaditionally, turkeys are kept in buildings wighsolid,
fully littered floor, very similar to the housingf droilers. Birds are housed in closed,
thermally insulated buildings with forced ventitatior in open houses with open sidewalls.
Manure removal and cleaning takes place at theoéedch growing period. Ndmission
has been measured under practical conditions amarmonly used turkey house with a fully
littered floor and has been found to be 0.680 kg Neét turkey place per year.

138. Reference system ducke commonly applied duck house is a traditiormalding
system, very similar to the housing of broilersrtaslatted/partly littered floor and fully
slatted floor are other housing systems for fattgmf ducks.

139. Techniques that can be considered as category kchwdre also considered as
BAT) include:

(@) Naturally-ventilated house with a fully litterecofir and equipped with non-
leaking drinking system;

(b) Well-insulated fan ventilated house with a fullstdred floor and equipped
with non-leaking drinking system;

140. The following techniques are considered as categhrypecause data on NH
emission reduciton are not currently available.

(a) Perforated forced air drying;
(b) Tiered floor and forced air drying;
(c) Tiered removable sides; forced air drying;
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141. [Note: As with other poultry, it remains a mattérdiscusion within the Task Force
whether air scrubbing systems for turkeys, ducks$ @ther poultry can be considered as
category 1.]

VI. MANURE STORAGE TECHNIQUES

142. Reference techniqudhe baseline for estimating the efficiency of dratament
measure is the emission from the same type of ,statBout any cover or crust on the
surface. Table 3 gives an overview of the differemission abatement measures for slurry
stores and their efficiency in reducing Bémissions.

143. After removal from animal houses, slurry is comnyosidored in concrete or steel
tanks or silos, or in an earth-banked lagoon (withimpermeable liner — clay or plastic).
The latter tend to have a relatively larger surfaoea per unit volume than the former.
Emissions from slurry stores can be reduced byedsang or eliminating the airflow across
the surface by installing a floating cover (diffetd¢ypes), by allowing the formation of a
surface crust, or by reducing the surface areaipgrvolume of the slurry store. Reducing
the surface area is only a consideration at instiate design or at replacement.

144. Where poultry manure is already dry (e.g. withinulpy housing), for any further
long term storage elsewhere, it is BAT to provideaan or building with an impermeable
floor with sufficient ventilation; this will keephe manure dry and prevent further
significant losses.

145. When using an emission abatement technique for mastores, it is important to
prevent loss of the conserved MNiduring spreading on land by using an appropriate
reduced-emission application technique.

Category 1 techniques

146. The best proven and most practicable techniquesdoce emissions from slurry
stored in tanks or silos is to provide a ‘tight],liroof or tent structure. The application of
these techniques to existing stores depends orstthetural integrity of the stores and
whether they can be modified to accept the extaditey. Plastic sheeting (floating cover
sheeting may be a type of plastic, canvas or adb&able materialis suitable forsmall
earth-banked lagoons. Storage bags for slurry call darms (e.g. < 150 fattening pigs)
also provide a system that reduces emissions. Vitheimportant to guarantee that such
covers are well sealed or “tight” to minimize akchange, there will always need to be
some small openings or a facility for venting t@yent the accumulation of flammable
gases, such as methane.
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Table 20: Ammonia emission abatement measures for cattigoanslurry storage.

NH3 Costs
Abatement Emission Applicability BAT for IPPC pig  (OPEX)
Measure reduction %)¥ farms?’ (Euros

per m3/yr)
c/

‘Tight’ Lid, roof or tent Concrete or steel tanks and Yes — but decisions
structure (Cat. 1) 80 silos. May not be suitable ontaken on a case by 8.00”
existing stores. case basis
*Plastic sheeting Small earth-banked lagoons.  Yes — but decisions
(floating cover) (Cat. 1) 60 taken on a case by 1.25
case basis
*Plastic sheeting Large earth-banked lagoons Yes — but decisions
(floating cover) (Cat. 2) 60 and concrete or steel tanks. taken on a case by
Management and other case basis 1.25
factors may limit use of this
technique.
“Low technology” Concrete or steel tanks and Yes — but decisions
floating covers (e.g. 40 silos. Probably not taken on a case by 1.10 —
chopped straw, peat, practicable case basis tanks
bark, LECA balls, etc.) on earth-banked lagoons.
(Cat. 2) Not suitable if materials
likely to cause slurry
management problems.
Natural crust (floating Higher dry matter slurries  Yes — but decisions
cover) 35-50 only. Not suitable on farms taken on a case by 0.00
(Cat. 2) where it is necessary to mix case basis
and disturb the crust in order
to spread slurry frequently.
Replacement of Only new build, and subject Not assessed
lagoon, etc. with covered 30— 60 to any planning restrictions 14.9
tank or tall open tanks concerning taller structures. (cost of
(H> 3 m) (Cat.1) tank 6.94)
St 100 Available bag sizes may Not assessed 2.50
orage bag e -
limit use on larger livestock
(Cat. 1)
farms.

* Sheeting may be a type of plastic, canvas or ahiéable material.

a Emission reductions are agreed best estimategaf might be achievable across the UNECE regi@uuRtions are
expressed relative to emissions from an uncovdted/gank/silo.

b/ Costs are for the United Kingdom. Costs refahcost of the lid/roof only, and do not inclutie tost of the silo.

¢/ Based on a depreciation period of 10 years, anithterest rate of 6 per cent, and an additionat 06€12,000. (The
cost €2.5 maybe adjusted)

# The definition of BAT includes a non-quantifiement of cost. Category 1 techniques may notefbeg, have been
defined as BAT because of perception of costs,ayr amly have been defined as BAT where alreadgditt

Category 2 techniques

147. There is a range of floating covers that can rediel emissions from stored
slurries by preventing contact between the slung the air. However, the effectiveness
and practicality of these covers are not well wsexcept for plastic sheeting on small
earth-banked lagoons, and are likely to vary adogrtb management and other factors.
Examples include plastic sheeting, chopped straggt,pLECA (light expanded clay
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aggregates) balls or other floating material apbtie the slurry surface in tanks or earth-
banked lagoons. Floating covers might hinder homagdéion of the slurry prior to
spreading; some of the materials used may hindespheading process itself, by clogging
up machinery, or cause other slurry managemenigrash

148. Minimizing stirring of stored cattle slurry of affaiently high dry matter content
will allow the build-up of a natural crust. If thisust totally covers the slurry surface and is
thick enough, and slurry is introduced below thestrsuch a crust can significantly reduce
NH3; emissions at little or no cost. This natural cfostnation is an option for farms that do
not have to mix and disturb the crust in order poead slurry frequently. The emission
abatement efficiency will depend on the nature dun@tion of the crust.

149. If shallow earth-banked lagoons are replaced bgrtédnks or silos, emissions will
be reduced due to the reduced surface area pewainine. This could be an effective
(though expensive) Ndteduction option, particularly if the tanks areveced by a lid, roof

or tent structure (category 1 techniques). Howetleg, effectiveness of this option is
difficult to quantify, as it is strongly dependeott the characteristics of the lagoon and the
tank.

150. There are few options for reducing BllEmissions from stored farmyard manures
for cattle and pigs. Experiments have shown thaegng farmyard manure piles with
plastic sheeting can substantially reducesNhhissions, and did not show any significant
increase in methane or nitrous oxide emissiondiselbrook, personal communication).
At present, this is considered as a category 2niqak, due to the need for more general
testing of the abatement efficiency.
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VII. MANURE APPLICATION TECHNIQUES

151. Reference techniquélrhe reference manure application technique isneefas
untreated slurry or solid manure spread over thelevkoil surface (“broadcast”) and not
followed by incorporation. For slurry, for exampthjs would typically consist od tanker
equipped with a discharge nozzle and splash-plade solid manures, the reference case
would be to leave the manure on the soil surfat¢lkout incorporation.

152. Specification of abatement efficien&missions will vary with the composition of
the slurry and solid manure and with prevailing thea and soil conditions. Abatement
efficiencies will also vary relative to referencaissions depending on these factors. For
this reason, the figures quoted in Table 21 repteswerages over a wide range of
conditions. The absolute magnitude of ammonia eandsvels of the reference techniques
varies at a regional scale in response to variati@nvironmental conditions. While these
factors also affect the absolute magnitude of aman@missions from low-emission
approaches, the relative emission levels are cambpgrfor this reason the benefits of
using low-emission approaches are expressed asnpage reduction compared with the
reference.

153. Emissions of ammonia expressed as a percentagee ofAN (total ammoniacal
nitrogen) applied are typically in the range of 8% following application using the
reference technique, (although emissions outsigeréimge are also common). Emissions
will vary with the composition of the slurry or sblmanure and with prevailing weather
and soil conditions. Emissions of ammonia as aqgmgage of TAN applied are normally
increasedvith increasingevapotranspiration (air temperature, wind spsethr radiation);
and slurry DM concentration. Emissions of ammorsaagercentage of TAN applied are
normally increasedvith decreasingTAN concentration; and application rate. Emission
from different manure types will also vary. Emissaare also dependant on soil conditions
that affect infiltration rates. For example, wefthohing, coarse textured, dry soils, which
allow faster infiltration, will give rise to loweemissions than wet and compact soils with
reduced infiltration rate (Sggaard et al., 2002pwHver, some soils may become
hydrophobic when very dry, which can also reducdtration and therefore increase
emissions.

Category 1 techniques

154. Category 1 techniques include machinery for sulbisiin decreasing the surface
area of slurries applied to land and burying slwrysolid manures through injection or
incorporation into the soil. The techniques incldide category 1 are:

(@) Band-spreading slurry at or near the soil serfasing trailing hose or
trailing shoe methods;
(b) Injecting slurry — open slot;
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(c) Injecting slurry — closed slot;

(d) Incorporation of surface-applied (broadcastjdsmanure and slurry into
soil;

(e) Dilution of slurry by at least 50% applied imtsr irrigation systems

155. The average Nklabatement efficiencies of category 1 techniquéstive to the
reference are given in Table 21. Each efficiencyaild for soil types and conditions that
allow infiltration of liquid for techniques (a)—(@nd satisfactory travelling conditions for
the machinery. The table also summarizes the lirarta that must be taken into account
when considering the applicability of a specifichteique and an indication of the cost of
each technique relative to the refereri¢éese costs estimates are subject to review by the
TFRN.]

156. A number of factors must be taken into accountdatednining the applicability of
each technique. These factors include: soil type @ndition (soil depth, stone content,
wetness, travelling conditions), topography (slope of field, evenness of ground),
manure type and composition (slurry or solid mapus®me techniques are more widely
applicable than others.

157. Techniques (a) - (c) operate on the basis thastince area of slurry exposed to
the prevailing weather conditions is reduced blgast 75% through confining the slurry to
lines / bands which are approximately 250 (+/- 1800 apart. The slurry is distributed

through a number of relatively narrow pipes (usud0-50 mm diameter). These machines
usually incorporate systems for filtering, choppiagd homogenising slurry, which

minimise the occurrence of blockages in narrow pipaused by slurries that are very
viscous or that contain large amounts of fibrousemal or foreign objects such as stones.
Band-spreading and injection systems are normétiydfto the rear of a slurry tankers,

which are either towed by a tractor or form parfsaoself-propelled machines. An

alternative is for the application system to badted directly to the rear of a tractor and
slurry transported to it by an ‘umbilical’ hose iinoa stationary tanker or store. Such
umbilical systems can reduce soil compaction dancageed by heavy slurry tankers.

158. Band-spreading slurry at or above the soil surfadand-spreading at or above the
soil surface can be carried out using implementargonly referred to as ‘trailing hose’
(also known as ‘drag hose’ and ‘drop hose’)’ amdiling shoe’ (also known as ‘drag
shoe’ and ‘sleighfoot’). Trailing shoe and trailimgse systems are distinguishable from
each other through the presence (trailing shoegbsence (trailing hose) of a ‘shoe’ or
‘foot’ device at the outlet of each slurry distritmin pipe which slides (or floats) on the
surface of the ground with little or no penetratiofhe hose or shoe is intended to part of
the herbage or any crop residue present to allawnrysiplacement directly on the soaill
surface. Greater efficiency generally reported wité sliding shoe (Webb et al. 2010) is
attributed to manure being in narrower bands, lgauere contact with the soil and having
less contact with live or dead vegetative matesedause it is better pushed aside by the
shoe than the hose, even if the hose is very ¢tmgke ground. The benefit of the shoe
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compared with the hose is greatest for taller cesopecause of the reduced degree of
canopy contamination.

159. Trailing hose: This technique discharges slurry at or just aboxaumd level
through a series of hanging or trailing pipes exithle hoses, which either hang a short
distance (<150 mm) above the soil or are draggedgathe soil surface. The working
width is typically between 6 and 12 m, althoughgéar units of up to 24 m width are
commercially available. The possible working widtaquiring manual or powered swing
arms for transport) is much larger than for theldsp plate’ reference system (6-9 m),
representing a clear advantage of the trailing hms¢éhod. The spacing between bands
(centre to centre) is typically 250-350 mm. Thenhteque is applicable to grass and arable
crops. The pipes may become clogged if the DM cauraéthe slurry is high (>7-10%) or
if the slurry contains large solid particles. Howevthe clogging of pipes is usually
avoided by including a chopping and distributiosteyn. This system improves spreading
uniformity which improves nutrient use, but contries signficantly to the cost and
maintenance of the system.

160. Trailing shoe: This technique ismainly applicable to grassland [Insert: and arable
crops with widely spaced rows. The machine workingth is typically limited to 6 — 8 m,
which, as with the reference system, is insuffitiéar practical operation in growing
combinable crops, which are normally establisheddm or 24 m tramline systems. The
method is not recommended for growing solid seeatatlle crops where the action of the
shoe can result in excessive plant disturbancassdeaves and stems are parted by trailing
a narrow shoe or foot over the soil surface andsis placed in narrow bands on the soil
surface The spacing between bands is typically between & 300 mm. Ammonia
emission reductions are optimised when the sluaryds are partially sheltered by a grass
canopy. Applicability is limited where there argrsficant stones on the soil surface.
Large amounts of crop residue such as on untiflad Will gather on the trailing shoes and
interfere with their performance.

161. The ammonia emission abatement potential of tnilghoe or trailing hose
machines is more effective when slurry is appliedow well-developed crop canopies
rather than on bare soil because the crop canapgases the resistance to air turbulence
from wind and shades the slurry from solar radmtitn general, ammonia emission
reductions have typically been found to be largemftrailing shoe than from trailing hose,
which is most likely due to the higher degree ofhamy contamination resulting from
certain types and implementation of the trailingdvanethods. This emphasizes the need to
avoid canopy contamination with slurry when usiither method, which also has benefits
for herbage quality.

162. Injection — open slot:This technique is mainly for use on grassland. ddght
shaped knives or disc coulters are used to cuicaédiots in the soil up to 50-60 mm deep
into which slurry is placed. Spacing between sistiypically 200400 mm and machine
working width is typically< 6 m. To be effective in both reducing ammonia sriss and
increasing the availability of nitrogen to the creghile also reducing crop injury, injection
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should be to a depth of approximately 50-75 mm #o&l space between injector tines
should be< 300 mm. Also, the application rate must be adgistethat excessive amounts
of slurry do not spill out of the open slots orbe surface. The technique is not applicable
on very stony soil, or on very shallow or compacteds, where it is impossible to achieve
uniform penetration to the required working depthe method may not be applicable on
very steeply sloping fields due to the risk of rfindown the injection furrows. Slurry
injection systems will have a higher tractor powequirement than broadcast or band-
spreading equipment.

163. Injection — closed slotThis technique can be shallow (50-100 mm deptigeep
(150-200 mm). Slurry is fully covered after injectiby closing the slots with press wheels
or rollers fitted behind the injection tines. Sball closed-slot injection is more efficient
than open-slot in decreasing Bllemission. To obtain this added benefit, soil tymel
conditions must allow effective closure of the slbhe technique is, therefore, less widely
applicable than open-slot injection. Some deepciojs comprise a series of tines fitted
with lateral wings or “goose feet” to aid soil p&ad¢ion and lateral dispersion of slurry in
the soil so that relatively large application rates be achieved. Tine spacing is typically
250-500 mm and working widtk; 4 m. Although NH abatement efficiency is high, the
applicability of the technique is mainly restrictedainly to pre-sowing application to
arable land and widely spaced row crops (e.g. maizbile mechanical damage may
decrease herbage yields on grassland or growingl-se¢ded arable crops. Other
limitations include soil depth, clay and stone emt slope and a high tractor power
requirement.

164. Incorporation of surface-applied solid manure and slurry into $olncorporating
surface applied manure or slurry by either plouglon shallow cultivation is an efficient
means of decreasing Nldmissions. Highest reduction efficiencies are addewhen the
manure is completely buried within the soil (Tal#&). Ploughing results in higher
emission reductions than other types of machinargihallow cultivation. The applicability
of this technique is confined to arable land. Ipowation is not applicable on permanent
grassland, although it may be possible to useasgland systems either when changing to
arable land (e.g. in a rotation) or when reseeghasture although nutrient requirements
may be low at these times. It is also less applécaib arable crops grown using minimum
cultivation techniques compared to crops grown gistieeper cultivation methods.
Incorporation is only possible before crops arersofihe technique is the main technique
applicable to achieve emission reductions from dbdsmanures on arable soils. The
technique is also effective for slurries where etbslot injection techniques are not
possible or available.

165. Ammonia loss takes place quickly (over several f@mnd days) after manures are
spread on the surface, so greater reductions issemns are achieved when incorporation
takes place immediately after spreading. Immediaterporation often requires a second
tractor to be used for the incorporation machineryich must follow closely behind the
manure spreader. Where labour or machinery reqemésnlimit this option, such as for
small farms, manures should be incorporated withhrours of spreading the manure, but
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this is less efficient in reducing emissions (TaBlg. Incorporation within 24 hours of
spreading will also reduce emissions to a smalbelerg, but increases agronomic
flexibility, which may be especially important f@mall farms. It is most important to
incorporate rapidly when manure is applied neardaydin hot conditions. It may be
possible to spread and incorporate with a singl@lement. This can work well, provided
that less than 25% of the manure is exposed tatthesphere.

166. Slurry dilution for use in irrigation systems. Ammonia emissions from dilute
slurries with low dry matter (DM) content are geair lower than for whole (undiluted)
slurries because of faster infiltration into thell §@.g. Stevens and Laughlin, 1998;
Misselbrook et al., 2004). Doses of slurry, caltedato match the nutrient requirement of
crops, can therefore be added to irrigation waidbe applied onto grassland or growing
crops on arable land. Slurry is pumped from theestoinjected into the irrigation water
pipeline and brought to a sprinkler or travellimggator, which sprays the mix onto land.
Dilution rates may be up to 50:1 water: slurry. SThpproach is included as a Category 1
method so far as this is an active dilution for iseater irrigation systems with a dilution
of at least 50% (1:1 water:slurry) sufficient taluee emissions by at least 30%, where
there is a need for water irrigation. In the caéaslorry with a DM content of 4%, this
would need to be diluted to 2% DM content (see Figure 1). In order to be aberEd a
category 1 method, the following conditions shoabbly:

I. The slurry is actively diluted for use in irrigaticystems by at least the
required amount of 1:1 dilution with water. By t@st, the slurry should
not simply be dilute through poor management pcacsuch as because of
slurry storage in shallow uncovered lagoons thlécba lot of rainwater.
These storages are discouraged because theytammaelves potentially
significant sources of emissions that are diffitaltontrol with covers.

il. Conditions are suitable for irrigation to meet cvegter needs. Dilution of
slurry without a water need adds to hauling costsraay exacerbate nitrate
leaching.

iii. The amounts of slurry applied are calculated tocinautrient needs. The
method should not be seen as an easy option foy slisposal, with the
possible risk of over fertilization and nitrate ¢dang.

V. Soil conditions allow for rapid soaking of dilutisies because there are no
physical impediments to infiltration, such as hgghl water content, poor
soil structure, fine texture or other soil attrigsithat reduce infiltration rates
of liquids in to soil, and that there is no deceeasinfiltration rate due to
high application volumes.

167. In addition to the specific dilution of slurry imrigation systems, other methods of
reducing slurry DM content can provide a useful nseto reduce ammonia emissions.
These include reducing DM levels through anaerathigestion and by solid-liquid
separation. Because such methods can tend easethe pH of the low DM fraction and
also produce a sludge with higher DM content, tlaeg not included as Category 1
methods. Such methods can, nevertheless, providefal approach as part of Category 2
methods, where verification of the emission redingishould be provided.
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Figure 6: Relationship between the percentage of total aniewal nitrogen (TAN) emitted as ammonia
during the land application of slurry and the drgtrar content (DM % weight) of the slurry, accoglio six
estimates. Even though ammonia emissions aresigfilificant at 1% DM content (10-30% of TAN lost
through volatilisation), a 50% reduction in DM cent will achieve a 30% reduction in average ammonia
emissions.

168. Additional benefits of techniques to reduce ammorgmissions from the land
application of slurry and solid manureThe experimental quantification of N fertilizer
benefits associated with reduced ammonia emis$iasgiven variable results (Webb et al.
2010). This may be partly explained by the difftguimplicit in any attempt to detect a
significant crop response to low N fertilizer adalits against relatively large background
soil N mineralisation rates. In practice, the raducin ammonia emission translates into a
relatively low application rate of additional N.tAbugh the uptake of the ammonia-N by
the crop will vary, the N that is not volatilisedrcbe considered as potentially equivalent
to chemical N fertilizer. Therefore, reduced amnaolaisses can be considered to replace
chemical fertilizer applications on a 1:1 ratio.

169. Band-spreading and injection techniques, as weth@sapid incorporation of solid
manures, considerably reduce the odour associatadmwanure application. The reduction
in odour emissions achieved by these techniquesltan application on areas or at times
that may otherwise be unavailable due to complaints

170. Band-spreading and injection techniques can all@senaccurate slurry application
rates than the reference technique, as the slhayld be distributed in equal proportions to
pipes that are equally spaced apart along a fixad twidth. By comparison, the spatial
distribution following application using the splgddite applicator (the reference system) is
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often more variable, depending on the design amdliton of the splashplate unit. Also,
the bout width using splashplates can be more iari@.g. affected by wind), resulting in
imperfect alignment of adjacent bout strips ands lescurate application along field
boundaries. This potential improvement in accuracgpplication increases efficiency of
slurry as a nutrient source. The improvement inliegion accuracy also reduces the risk
of nitrate pollution by avoiding spreading slurrpto adjacent areas such as near water
courses.

171. The window of opportunity for slurry applicationing the reference technique
(broadcast spreading) is restricted by the riskcrmip quality deterioration or damage
caused by slurry contamination. Band-spreading iajettion reduce the occurrence of
herbage contamination and therefore increase teeaanopy height onto which slurry can
be applied without threatening crop quality. Thagparticular relevant to grassland, where
slurry contamination can reduce grazing palatabdit silage quality. These methods also
allow slurry application on growing arable cropsitrularly cereals) which are generally
not considered suitable to receive slurry appligidgisplashplate. The use of low-emission
techniques can therefore help to increase thebileyi of slurry application management
by allowing more land area to be available on daien weather conditions are more
suitable for reduced ammonia volatilisation androgt slurry-N utilisation, and when soil
moisture conditions are suitable to allow machirteaffic with minimal soil compaction.

172. Potential cost implications of abatement techniqueSost increases associated
with purchasing and maintaining, or hiring contaastwith, new application machinery can
be a disincentive to adoption. Injection techniqals® require higher tractor power, further
adding to the cost of adoption for those systenhgsé& additional costs can be partially or
totally outweighed by the financial benefit of inpimg yield and yield consistency,
reducing nitrogen losses (by reducing mineral lfeeti requirements), by more precise
delivery of manure nitrogen to the crop, by the@ased agronomic flexibility and by other
co-benefits such as reduction of odour and crogaromation (Webb et al. 2010). The
overall benefit-cost ratio depends especially ammgent costs and abatement efficiency.

173. Impact of reduced ammonia losses on N cydfeno crops are present, or growing,
following manure application to take up the readilailable N, the risk of N loss via
leaching or gaseous.® increases. Hence incorporation and esp. injeaiomanures
involves a risk of exchanging air pollution for watpollution, but reduces the risk of
surface run-off from subsequent rainfall events: this reason, the timing of slurry and
solid manure application needs to balance the piatdar low ammonia emissions against
the other loss pathways, while considering thertgmof crop needs. Ammonia mitigation
makes an important contribution to the overall et of nitrogen losses from
agriculture, thereby maximizing the agronomic bésedf applied mineral fertilisers. The
financial benefit to the farmer of reducing the chder mineral nitrogen fertilizers is
complemented by a regional-scale greenhouse gaditeéne to reduced mineral fertilizer
needs, given the high energy costs of nitrogeiflifent manufacture.
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174. Results suggest that injection of slurry may eitimerease or have no impact on
emissions of ANO. The addition of readily-degradable C in slurgstbeen proposed as a
mechanism for increasing emissions glONby more than would be expected due to the
additional N entering the soil as a result of amima@batement. This addition of readily-
degradable slurry-C, without significantly aeratitige soil, may increase denitrification
activity. There are a number of reasons why reduaednonia emission application
techniques would not always lead to greater emmssid NO such as: (1) deeper injection
(> 5 cm) or incorporation, by increasing the lengththe diffusion path from the site of
denitrification to the soil surface, may lead tgraater proportion of denitrified N being
emitted as B (2) the subsequent soil moisture status and heecation may not be
suitable for increased ® production; (3) in soils already well-suppliedthwboth readily-
degradable C and mineral N any increase D lmission may be too small to have a
significant effect; and (4) the impact of subsequeeather on soil moisture content and
water-filled soil pore space will also effect sutpgent emissions of JD. The reflection of
these interactions is that mitigation of ammoniaissions reduces the,N emissions
associated with atmospheric nitrogen depositicsetai-natural ecosystems.

175. Incorporation of farmyard manure (FYM) appearsdduce or have no impact on
N.O emissions. In contrast to slurry, there is evodetnat readily-degradable-C is lost as
part of the effluent arising during storage of dathianures. Hence the C added to soil by
incorporation of solid manures will have less eff@ec microbial metabolism.]

Category 2 techniques

176. Verification of Category 2 techniquegategory 2 techniques may form a useful
part of a package of measures to reduce ammonssiems, but may be more uncertain or
the emission reductions inherently harder to gdizexaor this reason, Annex IX [see the
options for revisiorECE/EB.AIR/WG.5/2010/1specifies that, where Category 2 methods
are used to achieve the specified emission rechstidetails should be provided by parties
to verify the reported emission reductions from inethods. Such verification should also
be provided for Category 3 methods where theseuseel. For techniques based on a)
increasing the rate of infiltration into the soihda b) presurized injection of slurry
documentation should describe the practice usedymedevidence from field or farmscale
measurements demonstrating and justifying the eéomsgduction. Specific requirements
apply to the verification of Atmospheric Timing Magement Systems (ATMS) as
described in the paragraph below.

177. Increasing rate of infiltration into the soil When soil type and conditions allow
rapid infiltration of liquid, NH emission decreases with decreasing slurry dry matte
content. Dilution of slurry with water not only deases the ammonium-N concentration,
but also increases the rate of infiltration int@ thoil following spreading on land. For
undiluted slurry (i.e. 8-10% dry matter), dilutiorust be at least 1:1 (one part slurry to one
part water) to achieve reduced emissions by at [@d%. A major disadvantage of the
technique is that extra storage capacity may bdeteand a larger volume of slurry must
be applied to land. In some slurry management systslurry may be already diluted (e.g.
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where milking parlour or floor washings, rainfakc. are mixed with the slurry) and there
may be only a small advantage in actively dilutiagher.

Table 21(a) Category 1 abatement techniques for slurry* aagilbn to land.

Abatement Land use Emission Factors affecting Limitations to applicability Estimated
measure reduction (%)t emission reduction compared with the reference costs
relative to
reference
(a) Band- Grassland 30-35%% More crop canopy will 1.3
spreading Arable increase reduction, May be
slurry with a depending on placement cost neutral
trailing hose precision and the extent or net
of herbage financial
contamination. benefit if
co-benefits
considered.
Band Grassland 50-60% More crop canopy will  Not suitable for growing solid 15
spreading Arable (pre- increase reduction, seeded crop or May be
with trailing seeding) and depending on placement cost neutral
shoe row crops precision and the extent or net
of herbage financial
contamination. benefit if
co-benefits
considered.
(b) Injecting  Grassland 70% Injection depthb cm Unsuitable where: 1.9
slurry (open Slope >15%:
slot) .
o . ) High stone content;
(c) Injecting  Grassland 80 (shallow slot  Effective slit closure . 1.9
slurry 5-10 cm) Shallow soils;
Arable . . .
(closed slot) 90 (deep injection High _c_lay soils (>35%) in very dry
>15¢cm) conditions,
Peat soils (>25% organic matter
content).
(d) Arable Immediately by 2.0
Incorporation ploughing = 90%
of surface Immediately by 1.8
applied non-inversion
slurry cultivation = 70%
Incorporation Efficiency depends on application method and weathe 15
after 4 hrs =45-  conditions between application and incorporation
65%
Incorporation 1.1
within 24 hours =
30%
(e) Active Arable 30% Emission reduction is  Limited to water irrigation systems. ~1.1
dilution of Grassland proportional to the Not appropriate where irrigation is
slurry of extent of dilution. A not required.
>4% DM to 50% reduction in dry
<2% DM for matter (DM) content is
use in water necessary to give a 30%
irrigation reduction in emission
systems

* slurry is defined as flowable manure usually s 8-10% dry matter. Material with a higher dmgtter content or
containing high amounts of fibrous crop residue meauire treatement (e.g. chopping or water adulitio be applied as

a slurry, and should otherwise be handled as fia smnures (Table 1b).
T Average emission agreed to be achievable adnedINECE region.
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Table 21 (b):Category 1 abatement techniques for solid manypécation to land

Abatement Land use  Emission reduction (%) T Factors affecting Limitations to applicability Estimated
measure emission reduction compared with the reference  costs
relative to
reference
(d) Arable Immediately by ploughing = Degree of burying the 2.0
Incorporation 90% manure
of surface Immediately by non-inversion Degree of burying the 1.8
applied cultivation = 60% manure
manure . . - .
! Incorporation after 4 hrs = Degree of burying the manure Efficiency dependsroe 1.5
45-65% of day of spreading and weather conditions between
Incorporationwithin 12 hours @pplication and incorporation; 1.1
=50%
Incorporation within 24 hours 1.1

=30%

t Emissions reductions are agreed as likely to beeaahle across the UNECE region.

178. When applying diluted slurries to land there mayalgeater risk of surface run-off
and leaching and this must be guarded against ingattention to application rate, soil
conditions, slope of the land, etc. For these messapart from the active dilution of slurry
for irrigation (Category 1), this method is incladas Category 2.

179. Another means of decreasing slurry dry matter auntend hence increasing the
rate of infiltration into the soil, is to remove moportion of the solids by mechanical
separation or anaerobic digestion. Using a mechhsgparator with a mesh size of 1-3
mm reduces NElloss from the separated liquid by a maximum of 80 gent. Another
advantage lies in reduced soiling of grass swdbisadvantages of the technique include
the capital and operating costs of the separatraacillary equipment, the need to handle
both a liquid and a solid fraction, and emissiasifthe solids. Information to verify such
systems should include demonstration of the ovemalinonia emission reduction, taking
account of the emissions from both the low DM aigh DM fractions.

180. A third option for increasing infiltration rate 8 wash slurry off grass and into the

soil by applying water after spreading. A plentifsupply of water is needed, the

application of which is an additional operationt Ranadian results have shown that 6 mm
of water can under some circumstances reduce lbdses by 50 per cent compared to
surface application alone. Information to verifycBisystems should specify the time delay
between slurry application and washing the grask water, the amounts of water used,
and the percentage emission reduction achieved.

181. Pressurized injection of slurryin this technique, slurry is forced into the saider
pressure of 5-8 bars. Because the soil surfacetibroken by tines or discs the technique
is applicable on sloping land and stony soils whatheer types of injector cannot be used.
Emission reductions of typicall§0 per cent, similar to that for open slot injentidiave
been achieved in field trials, but further evaloatof the technique is needed.
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182. Application timing management systems (ATM&)mmonia emissions are highest
under warm, dry, windy conditions (i.e. when evagos$piration rates are high). Emissions
can be reduced by optimising the timing of applaati.e. cool humid conditions, in the

evenings, before or during light rain and by avwidispreading during warm weather
conditions, particularly during periods when so#&evation, and hence solar radiation
input, is most intense (June/July) (Riedy and Me2@07). This is potentially a cost-

effective approach as it can be done using broadmaggslication equipment. Potential

emission reductions achievable through these messwill vary depending on regional

and local soil and climatic conditions, and therefthe suite of measures that may be
included will be specific to regional conditions.

183. While the benefits of using such timing managemgrsctices has been long
known, the main constraints are:

(a) the need to demonstrate that the approach caredelispecified ammonia emission
reduction target in practice,

(b) the need to carefully define what is meant by exfee conditions (in order to
ensure correct reporting of the outcomes), and

(c) the need to implement a system to manage this apipithat verifies its efficacy
and implementation.

(d) reduced flexibility when spreading manure with exgo soil trafficability, labour
and equipment availability and consideration ofeottegulations.

184. This approach can be considered as rather diffécetite technical methods listed
as Category 1, such as band spreading, manureporation, where the efficiencies
reported in Table 21 are based on the average metdérom many studies. In the case of
ATMS the assessment uses the responses of moa@dsksd(lon many studies) to the actual
timing practice.

185. In order to allow the benefits of timing practicesbe included as an abatement
measure, the above listed constraints must be ssktie This can be achieved through the
use of an Application Timing Management System (A)Mwhich is here defined aa:
verifiable management system for the direction eswbrding of solid and liquid manure
application at different times, the adoption of @hiis demonstrated to show quantified
farm scale reductions in ammonia emissionghe use of any ATMS must demonstrate
achievement of a specified ammonia emission reduoictarget, by comparison to the
reference, in order for its benefit to be considems part of international emission control
strategies.

186. Application Timing Management Systems may be desigito exploit several
principles in the variation of ammonia emissioh®g, benefits of which will vary with local
climate, so that ATMS implementations will vary i@ggally. The following principles may
be exploited in an ATMS:

(a) Weather-determined variation in ammonia emissié&mmonia emissions tend to
be smaller in cool and wet conditions and aftetligain (though water-logging of
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soils can make spreading conditions unfavourablgjpmonia emissions can
therefore be forecasted by coupling ammonia emmssimodels with weather
forecasting, as is already available in some castwith land application timing
restricted to forecasted periods of low ammoniasemns.

(b) Seasonal variation in ammonia emissioAgImonia emissions can be estimated on
a seasonal basis by generalising weather conditiongarticular seasons. For
example, seasonal variations lead to largest amanemissions in warm summer
conditions and smaller emissions in cool moist @anrdonditions. Subject to other
constraints, such as the objective to match maapipécation to the timing of crop
needs, and the need to avoid water pollution, getad seasonal management of
solid and liquid manure application has the po&nto reduce overall annual
ammonia emissions.

(c) Diurnal variation in ammonia emissiondmmonia emissions tend to be smaller at
night due to reduced windspeed, cooler temperaamrddigher humidity.

(d) The effect oftiming of animal housing versus grazing on ammo&missions.
Ammonia emissions from livestock allowed to rangetdoors with sufficient
foraging area (e.g. cattle grazing) tend to be namhller than for housed livestock,
since this practice avoids ammonia emissions assutiwith housing, manure
storage and landspreading of slurries and solidunesn Therefore, subject to other
constraints, such as water and soil quality issaresng from grazing during the
winter, increasing the period in which animals &r¢he field (especially when 24
hours a day) can reduce ammonia emissions. Changesing practice may be
included in an ATMS since these affects the tatabants of manure to be spread.

187. Verification procedures for ATM®&ne of the main challenges for any ATMS is to
demonstrate an appropriate verification of the apgh, particularly given the requirement
to demonstrate the achievement of a specified emnigeduction. The ATMS approach is
considered most relevant at a farm scale, asuttessom the overall outcome of a package
of timing practices. The emission reduction tagjetuld be applied on an annual scale as
the emission reduction potential of this methotinee dependent.

188. Verification of an ATMS should include each of flelowing steps:

(a) Verification of the core biophysical modelling taged. A transparent description
of the numerical model used should be provided,etpidned by appropriate
independent verification from field measurements.

(b) Verification of the effect of a specific timing rmgement on ammonia emissions.
The degree to which the timing management leadsedarget emission reduction
required as compared as compared with the refereonditions for that region
should be demonstrated for any ATMS being used.

(c) Verification that actual practices conform to thaogported. Any ATMS should be
implemented in conjunction with an appropriate rdowy system, to ensure and
demonstrate that the timing management recordethenATMS is being fully
implemented.

189. Definition of the reference conditions for an ATM$ the case of most low
emission techniques for land application, the p®ege reduction achieved can be
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generalized over a wide climatic area. By contragiere an ATMS is used, a more
detailed definition of the reference conditionsniseded. Overall, the sanmreference
techniqueapplies (free broadcast surface application ofrigisl and solid manures), but
where an ATMS is used, the reference must alsoefieedi on a farm level according to
existing practices. In order to account for reglovariability in climate and inter-year
variability in meteorological conditions, the redace condition for ATMS is extended to
include: ‘the combination of manure application managemeatiees, and their timing,
at a farm scale during a specified reference periwtien using the reference application
method (broadcast spreading), accounting for thyear variability in meteorological
conditions”.

190. The emission reduction potential of an ATMS shohél verified for the region
within which it is adopted. Numerical ammonia enusssimulation models will, in
general, need to be used as part of the verificati(ATMS.

191. An ATMS may be used in combination with other measuor reducing ammonia

emissions following land application of manures;tsas slurry application technologies or
incorporation of manures into soil. However, thaliidnal absolute ammonia emission
reduction of an ATMS will vary depending on the ssmon reduction potential of the

accompanying application method. The joint contidouof both low emission application

methods and an ATMS should be assessed to enaurthéhoverall farm-scale ammonia
reduction target is met.

192. Depending on the type of ATMS to be implemented, ritain additional costs will
be associated with reduced flexibility in timing mfanure application, and the associated
administrative costs necessary for the verificati®otential cost savings may be found by
combining ATMS approaches with advice on managiagnf nitrogen stocks more
effectively such as through a proven expert system.

193. Application prior to or during weather conditiorfsat increase the risk of nutrient
loss to waters should be avoided. Aspects of safetpciated with machinery operation at
certain times, particularly during hours of darksieshould also be considered when
designing an ATMS. Conditions that favour reducethenia emissions (e.g. humid, no
wind) may give rise to problems with offensive odohy preventing their rapid dispersion.

Category 3 techniques

194. Acidified slurry: The equilibrium between ammonium-N and Nid solutions
depends on the pH (acidity). High pH favours logdNbls; low pH favours retention of
ammonium-N. Lowering the pH of slurries to a staekel of 6 is commonly sufficient to
reduce NH emission by 50 per cent or more. When adding amidsurry, the buffering
capacity needs to be taken into account, usuadjyireg regular pH monitoring and acid
addition to compensate for GQroduced and emitted during the preparation of the
acidified slurry. Options to achieve acidified sjuare by adding organic acids (e.g. lactic
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acid) or inorganic (e.g. nitric acid, sulphuricégphosphoric acid) or by the modifying or
additing to feed (e.g. benzoic acid) (see sectioihigestock Feeding Strategies) or slurry
of components (e.g. lactic acid forming bacterngt tenhance pH reduction. A pH value of
4 - 5 is required when using nitric acid to avoittification and denitrification, causing
loss of nitrate and production of unacceptable tties of NbO. Organic acids have the
disadvantage of being rapidly degraded (forming asléasing C&; moreover, large
guantities are required to achieve the desiredgvl] since they are usually weak acids.

195. Nitric acid has the advantage of increasing thergIN content so giving a more

balanced NPK (nitrogen-phosphorus-potassium) iegti Using sulphuric acid and

phosphoric acid adds nutrients to the slurry thay mause over fertilization with S and P.
Moreover, adding too much acid could produce hyenogulphide and worsen odour
problems and health and safety issues. Acidificapieferably has to be carried out during
storage of slurry and also during spreading usipecislly designed tankers. Although
efficient, the technique has the major disadvantage handling strong acids on farms is
very hazardous.

196. When acidification is conducted in the animal hgussguent monitoring of the pH
during storage until the moment of land spreadsngaeded to assure the lowered pH level
of the slurry. Few successful results of farm ind¢gd research have been shown as to
date; additional research efforts are needed toagiegthis technique to category 2.

197. Other additivesSalts of calcium (Ca) and magnesium (Mg), acidicipounds (e.g.
FeCk, Ca(NQ),) and super-phosphate have been shown to lowerextission, but the
guantities required are too large to be practicfsible. Absorbent materials such as peat
or zeolites have also been used. There is alsageraf commercially available additives,
but in general these have not been independerstiyde
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VIIl. FERTILIZER APPLICATION

(a) Urea-based fertilizers

198. Emission from fertilizer applications are dependantfertilizer type, weather and
soil conditions. Emissions from urea-based fedilizare much greater than other fertilizer
types because rapid hydrolysis of urea will cawsmllsed rise in pH. Rapid hydrolysis
often occurs in soils with a lot of urease enzyme tb an abundance of crop residue.
Emissions from ammonium sulphate (and diammoniummsphate) are greater following
application of these fertilizer types to calcaredbgyh pH) soils. Emission reduction
techniques are therefore focussed on applicatibnsea-based fertilizers to all soil types
and of ammonium sulphate (and diammonium phosplagielcations to calcareous soils.
Emission reduction techniques rely on either slgwtime hydrolysis of urea to ammonium
carbonate, or encouraging rapid transfer of thidifer into the soil (Sommer et al., 2004).

199. The use of methods to reduce ammonia emissions drear and ammonium-based
compounds makes an important contribution to oVen@monia emission reductions in
agriculture. In particular it should be noted tlmhmonia emissions from urea-based
fertilizers (typically 5-40% nitrogen loss as amn&rare much larger than those based on
ammonium nitrate (typically 0.5-5% nitrogen loss aaemonia). Although ammonium
nitrate is the main form of nitrogen fertilizer dse Europe, there remains an ongoing risk
for ammonia emission that its use might be resticir prohibited in certain countries in
the future. In the absence of measures to redoweoaia emissions from urea-based
fertilizers, such a change would be expected toifstgntly increase regional ammonia
emissions.

200. Reference techniquelhe reference application technique is surface dwast
application of the nitrogen fertilizer.

Category 1 techniques

201. Category 1 techniques for urea-based fertilizecdudte: urease inhibitors, slow-
release coatings, soil injection, rapid soil inaogiion, and irrigation immediately
following application. Of these, soil injection,pid soil incorporation, and irrigation
immediately following application would also applp ammonium sulphate (and
diammonium phosphate) applications to calcareoils. so

202. Urease inhibitorsdelay the conversion of urea to ammonium carbobwatdirectly

inhibiting the action of the enzyme urease. Thikykd/slower hydrolysis is associated
with a much smaller increase in pH around the préband, consequently, a significantly
lower ammonia emission (Chadwick et al., 2005; \Matst al., 1994). The delay to the
onset of hydrolysis also increases the opportuioitythe urea to be washed into the soil
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matrix, further reducing the potential for ammoeraissions. Approved urease inhibitors
have been listed by the European Union (2008http{//www.clrtap-
tfrn.org/webfm_send/239

203. Polymer coated urea granulgzovide a slow release fertilizer that may reduce
ammonia emissions (e.g. Rochette et al., 2009)e#tent to which will depend on the
nature of the polymer coating and whether used wiilface fertilizer application or
combined with urea injection.

204. Incorporation of fertilizer into the sokither by direct closed-slot injection of by
cultivation can be an effective reduction technig8emmer et al., 2004). For urea prills,
combining injection or incorporation with slow-rake coatings may allow for a single
fertiliser application prior to crop establishmeegating the need for surface application at
a later date. Depth of injection and soil textui# iwfluence reduction efficiency. Mixing
of the fertilizer with the soil through cultivatianay be a less efficient reduction measure
than injection to the same depth because a paneahixed-in fertilizer will be close to the
surface.

205. Irrigation with at least 5Smm watammediately following fertilizer application has
been shown to reduce ammonia emissions by up to(@&ema and Velthof, 1993; Sanz-
Cobeia, 2010). Water should not be applied toseds beyond field capacity. This is
only considered a category 1 technique where tiseeewater need for irrigation, as the
method may otherwise increase the risk of nitreaelhing.

206. Switching from urea to ammonium nitrdetilizer is a rather easy way to reduce
ammonia emissions, with an effectiveness of aro@@%. The cost of this measure is
simply the price differential between the two fiezér types.

207. Potential cost implicationsThe increased cost of implementing these techsique
will be offset to some extent (or provide a net dfégh by savings on fertilizer use to
achieve the same yield as for the reference metiraah increased yield from the same rate
of fertilizer application. Whether there is a naviag or cost to the farmer depends on the
methods chosen and local agronomic conditions.

208. Impact on N cyclelf applied at agronomically sensible rates andeimmproved

crop nitrogen uptake will be the main benefit oftigating ammonia emissions, with
minimal increases via the other loss pathways (@itgate leaching, denitrification). In

addition, by reducing ammonia emissions, a simrgaiuction in indirect nitrogen losses is
expected (e.g. by reduced leaching and denitriinatrom forest soils). Considering the
whole system (agricultural land, non agriculturahd and transfers by atmospheric
dispersion), these measures are not generally Bsg@wcrease overall nitrate leaching or
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nitrous oxide loss. The measures focus on retainitniggen in the farming system, thereby
maximizing productivity.

Table 22: Mitigation options for reducing ammonia emissidémsn urea and ammonium based fertilisers.

Abatement Fertilizer Emission Factors affecting Applicability Estimated
measure type reduction (%) emission reduction costs relative
to referencé
Urease inhibitor] Urea-based 70% for solid All To be
urea, 40% for estimated
liquid urea
ammonium nitrate
Slow release Urea c. 30% Polymer coating type and All To be
fertilizer integrity; fertilizer estimated
(polymer application technique
coatings) (surface or injected)
Closed-slot All 80-90% Depth of placement; soil | Tilled or reduced- | To be
injection texture; closure of slot till land prior to estimated

(improperly closed slots | seeding or during
may lead to high emissionsthe seeding

due to high concentration | operation

of urea in the slot
increasing pH)

Incorporation All 50-80% Depth of mixing; soil Tilled land prior to | To be
texture crop establishment| estimated
Irrigation All 40-70% Irrigation timing and Where crop To be
volume (immediate with c.| irrigation is estimated
10mm is most effective) | commonly
practiced

* Local costs/benefits will vary, though trialave shown that the financial benefit of increaseg @roductivity can
more than outweight the costs of the techniquedone abatement measures.

Category 2 techniques

209. Application timing management system (ATM3)is represents a verified system
to exploit the variation in ammonia emission podrbased on environmental conditions,
S0 as to use management of application timing tuge overall emissions. Fertilizer
applications under cooler conditions and prior amfall (although bearing in mind the
need to avoid the associated risk of run-off toewdiodies) are associated with lower
ammonia emissions. If it is to be used, this stpateas to be associated with verification of
the reference conditions and of the achieved reshuin emission, as discussed under the
sand application section (Paragraphs 182-193).

210. Mixing urea with acidified sulphateCo-granulation of urea and ammonium
sulphate may reduce ammonia emissions comparedungth alone on certain soil types
(Oenema and Velthof, 1993). Further studies areired across more soil types before
recommendations can be made.

Category 3 techniques

211. Band incorporation of urearhis technique is not recommended on soils wigh hi
urease activity (e.g. with crop residue) and pobilitg to adsorb urea as it can be
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associated with increased ammonia emissions in aosgn with the reference technique
(e.g. Rochette et al., 2009).

(b) Ammonium based fertilisers
Category 1 techniques

212. Several of the techiques described above for uesa also be used to reduce
ammonia emissions from ammonium based fertiliz&fke highest risks apply to

ammonium sulphate and ammonium phosphate basedizéest when applied on

calcareous or other high pH soils. Category 1rggles for ammonium based fertilizers
include: incorporation, injection, immediate iatgon and slow release fertilizers with
polymer coatings (subject to the result of trials).

Category 2 techniques

213. Emissions from non-urea fertilizers such as ammuninitrate and calcium
ammonium nitrate occur partly as a result of direstilizer emission and partly from
indirect emission resulting from plants as a consege of fertilization. Grass cutting also
contributes to the NHemissions, with emissions arising from the re-gngasward as a
consequence of cutting-induced N mobilization ie tregetation. Fertilizing grassland
within the first few days after cutting provideggius N resulting in a larger emissin from
the combined effects of cutting and fertilizati@elaying N fertilizer application following
cutting allows the grass to recover thereby redu®ifl; emissions. Model analysis found
that a two-week delay in N fertilization reducetatdnet annual) Nglemissions from cut
and fertilized grassland by 15 per cent. Simildect may be achieved with different
timing depending on regional conditions. Given ititeractions with weather and the need
for further work to identify the optimum delay ialation to different management systems,
this is classed as a category 2 technique. Theapip may be integrated into Application
Timing Management Systems.
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IX. OTHER MEASURES RELATED TO AGRICULTURAL
NITROGEN

(a) Grazing

214. Urine excreted by grazing animals often infiltrate® the soil before substantial
NH3; emissions can occur. Therefore, Neinissions per animal are less for grazing animals
than for those housed where the excreta is cotlettored and applied to land. The
emission reduction achieved by increasing the ptapo of the year spent grazing will
depend, inter alia, on the baseline (emission gfazed animals), the time the animals are
grazed, and the N fertilizer level of the pastdiiee potential for increasing grazing is often
limited by soil type, topography, farm size andusture (distances), climatic conditions,
etc. It should be noted that additional grazinganimals may increase other forms of N
emission (e.g. PD, NGs). However, given the clear and well quantifiedeetfon NH
emissions, this can be classed as a category mhigeeh(in relation to modification of the
periods when animals are housed or grazed for 24she day). The abatement efficiency
may be considered as the relative total;hbhissions from grazing versus housed systems.
The actual abatement potential will depend on theelsituation of each animal sector in
each country.

215. The effect of changing the period of partial hogs{e.g. grazed during daytime
only) is less certain and is rated as a categdgcBnique. Changing from a fully housed
period to grazing for part of the day is less dffexin reducing NH emissions than
switching to complete (24 hour) grazing, since dinfg)s and stores remain dirty and
continue to emit Nkl

(b) Manure treatment

216. Research on various options of reducingsMrhissions by manure treatment have
been investigated. Some potentially promising ostiare:

(a) Composting of solid manure or slurry with addeddsolexperimental results are
very variable and often show increasedsN¥rhissionsfor this reason, systems
for composting of manure should consider the inolusf additional methods
to reduce NHemissions from this source, such as air scrubbystems.

(b) Controlled denitrification processes in the slupiot plants show that it might be
possible to reduce NHemissions by transforming ammonium tedés by
controlled denitrification (alternating aerobic aauberobic conditions). To
achieve this, a special reactor is necessary. ffiogeacy and the reliability of
the system and its impact on other emissions nalaeir investigation.

217. The efficiency of manure treatment options showddegally be investigated under
country- or farm-specific conditions. Apart from llemissions, other emissions, nutrient
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fluxes and the applicability of the system undemf@onditions should be assessed. Due to
the mentioned uncertainties, these measures gbnbeale to be grouped in categories 2
or 3. An exception is the use of air scrubbing exyst for manure composting facilities
(Category 1), which are well-tested but have sigaift costs.

(c) Non-agricultural manure use

218. If manure is used outside of agriculture, agria@kiemissions may be reduced.
Examples of such uses already common in some cesirgre the incineration of poultry
manure and the use of horse and poultry manurkeinmushroom industry. The emission
reduction achieved depends on how fast the masueken away from the farm and how it
is treated. An overall reduction of the emissionl anly be achieved if the use of the
manure itself does not generate large emissiomtuimg other emissions than NHFor
example, the use of manure in horticulture or thgoet of manure to other countries will
not reduce overall emissions. There are also a@heironmental aspects to be considered,
for example, poultry litter incineration is a rerabe source of energy, but not all the
nutrients in the litter will be recycled within agmlture.

(d) Manure additives

219. A wide variety of manure additives has been suggett reduce NElemissions.
They mostly aim at reducing the Nidontent or the pH by chemical or physical processe
Their efficiency in reducing Nilemissions (up to 70% reduction reported) dependsoav
well they achieve these aims and on where in theuneamanagement process they are
introduced. The gain of N (less NHbst) is equivalent to approximately 35 kg mineral
N/ha (significantly more when nitric acid is usedjien using pig manure, this represents
€1.13 per kg N prevented to emit in the pig house during storage (source: Danish
Agricultural Advisory Service). As most of the prads available on the market have not
been independently tested or the test results were statistically significant and
reproducible, they have to be grouped in category 3

66



X. NON-AGRICULTURAL STATIONARY
AND MOBILE SOURCES

220. There are many non-agricultural sources ofsNiHcluding motor vehicles, waste
disposal, residential solid-fuel combustion, andiowgs industries, of which fertilizer
production is likely to be the most significant @&s Europe. There is also a small, but
collectively significant group of natural sources;luding, for example, human breath and
sweat and emissions from wild animals (Sutton e2800). The UNECE Protocols for
reporting emissions do not currently distinguishwaen natural and anthropogenic sources
in the same way that they do for volatile orgamimpounds (VOCSs).

221. A common factor across many of these sectors i$ MWitds emissions have
previously been ignored. This is most notable watspect to transport, as shown below. A
first recommendation for reducing NHemissions from non-agricultural sources is
therefore to ensure that Nkt considered when assessing the performancedo$iry and
other sources. Where NHemissions are found to arise, or are likely taease through
some technical development, it will be appropriateoperators and designers to consider
ways in which systems may be optimized to avoithorimize emissions.

(a) General techniques

222. Venturi scrubbersare suitable for large gas flows bearing largeceatrations of
NHs. Abatement costs are in the region of €3,500 /éxcjuding effluent treatment costs.
As in all cases discussed in this section, theigeerost-effectiveness will vary according
to the size of plant, Nfconcentrations and other factors.

223. Dilute acid scrubbersconsisting of a tower randomly packed with titasough
which slightly acidic water is circulated, are sibie for dealing with flows of between 50
and 500 tons per year. Barriers to the technologlude its limited suitability for large
volume gas flows, potentially high treatment cdstseffluents, and safety hazards linked
to storage of sulphuric acid. Reported costs shawhvariability, from €180 to €26,000
/ton NHs. Variation is again largely a function of plartesiand NH flow rate.

224. Regenerative thermal oxidation uses a supplemefuafy(typically natural gas) to
burn NH; present in a gas stream, with costs reportedenahge of €1,900 to €9,100 /ton
of NHs.

225. Biofiltration is suitable for low-volume gas flowsith low concentrations of N
abating emissions of around 1 ton per year. Ihesleast cost system for small sources.
Abatement costs of €1,400 to €4,300 /ton have beorted, depending on sector.
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226. Abatement efficiencies of the techniques describbedhis section are typically
around 90 per cent.

(b) Techniques suited to selected sectors

227. Emissions of NEIfrom road transporincreased greatly in the 1990s as a result of
the introduction of catalyst-equipped vehicles éahmate for the United Kingdom shows a
factor of 14 increase over this period). The probis largely being resolved through the
introduction of better fuel management systems, ingpfrom carburettor control to
computerized systems that exercise much tightetraloover the ratio of air to fuel. Moves
to reduce the sulphur content of fuels, some metliodNOx control from diesel-engine
vehicles, and the use of some alternative fuels stary to increase emissions. Despite the
consequences for NHof all of these actions, it has not been consilexs a priority
pollutant by either vehicle manufacturers or byutatprs. It is therefore important that for
this and other sectors, account be taken of thecdinpf technological changes on NH
emissions. By doing so, actions can be undertateavoid or minimize emissions during
the design phase, where potential problems ardifideh

228. Ammonia slippage in staionary catalytic reductidam. For a number of sectors,
the most significant source of Nielease may be linked to the slippage of;sNiidm NOx
abatement plant. Two types of technique are aJailazrubbing Nitslip from the flue
gases, which can reduce emissions from about 4fh#rigy/ around 90 per cent, and more
effective control of N@ control equipment. The potential for Mkmissions from this
source will need to be considered carefully asy NOntrols increase through wider
adoption of BAT.

229. Non-evaporative cooling systerage applicable to the sugar beet industry. These
systems are more than 95 per cent effective indiaguemissions. Costs are estimated at
€3,500/ton NH abated.

230. Emissions from domestic combustioan be reduced using a wide variety of
techniques, ranging from the adoption of energicieficy measures, to the use of better
quality fuels, to optimization of burning equipmeitihere are significant barriers to the

introduction of some of these options, ranging fribra technical (e.g. lack of natural gas

infrastructure) to the aesthetic (e.g. people gkihe appearance of an open wood burning
fire).

231. Capping landfill sitesWaste disposal by landfilling or composting haspbeential
to generate significant amounts of NIActions to control methane emissions from lahdfil
such as capping sites and flaring or utilizing fdhdas are also effective in controlling
NHa.
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232. Biofiltration (see above) is effectively used at a number ofralkred composting
facilities, often primarily for control of odoursather than NH specifically. A more

general technique, applicable to home compostingedsas larger facilities, is to control
the ratio of carbon to nitrogen, aiming for an opim of 30:1 by weight.

233. Horses.Assessment needs to be undertaken of the extevhitdhh emissions from
horses are included in the agricultural and nomcaljural inventories. Many horses are
kept outside of farms and so may be excluded frgmcaltural inventories. The most
effective approach for reducing emissions from e¢hssurces is good housekeeping in
stables, with provision of sufficient straw to sagk urine, and daily mucking out. More
sophisticated measures for controlling emissionghsas the use of slurry tanks are
unlikely to be implemented at small stables, batdescribed elsewhere in this document.

(c) Production of inorganic N fertilizers, urea andammonia

234. The most important industrial sources of Neinissions are mixed fertilizer plants
producing ammonium phosphate, nitrophosphates,spoaad compound fertilizers, and
nitrogenous fertilizer plants manufacturing, inédia, urea and NgFI Ammonia phosphate
production generates the most Nemissions from the sector. Ammonia in uncontrolled
atmospheric emissions from this source has beentegpto range from 0.1 to 7.8 kg N/ton
of product.

235. Nitrogenous fertilizer manufacture covers plantsdoicing NH, urea, ammonium

sulphate, ammonium nitrate and/or ammonium sulphétate. The nitric acid used in the
process is usually produced on site as well. Ama@missions are particularly likely to
occur when nitric acid is neutralized with anhydsddiHz. They can be controlled by wet
scrubbing to concentrations of 35 mg M’ or lower. Emission factors for properly
operated plants are reported to be in the randget6.0.5 kg NH/ton of product.

236. Additional pollution control techniques beyond durars, cyclones and baghouses
that are an integral part of the plant design aperations are generally not required for
mixed fertilizer plants. In general, an NEmission limit value of 50 mg NHN/m?® may be
achieved through maximizing product recovery andimizing atmospheric emissions by
appropriate maintenance and operation of contraipagent.

237. In a well-operated plant, the manufacture of NPKilfeers by the nitrophosphate
route or mixed acid routes will result in the enaasof 0.3 kg/ton NPK produced and 0.01
kg/ton NPK produced (as N). However, the emissawidrs can vary widely depending on
the grade of fertilizer produced.

238. Ammonia emissions from urea production are repoatedecovery absorption vent
(0.1-0.5 kg NH/ton of product), concentration absorption ventl{0.2 kg NH/ton of
product), urea prilling (0.5-2.2 kg NHion of product) and granulation (0.2-0.7 kg Mbin
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of product). The prill tower is a source of ureastd(D.5-2.2 kg NHton of product), as is
the granulator (0.1-0.5 kg/ton of product asautast).

239. In urea plants, wet scrubbers or fabric filters ased to control fugitive emissions
from prilling towers and bagging operations. Thastrol equipment is similar to that in

mixed fertilizer plants, and is an integral parttodé operations to retain product. If properly
operated, new urea plants can achieve emission lialues of particular matter below

0.5 kg/ton of product for both urea and NH
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