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3. The docunent addresses the control of anmonia em ssions produced by
agriculture and other stationary sources. Agriculture is the major source of
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storage, processing and application to land and fromexcreta from animals at
pasture. Emi ssions also occur frominorganic nitrogen (N).
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fertilisers when these are applied to land. Em ssions could be reduced

t hrough abatenment neasures in all the above areas as well as by adjustnents
to livestock diets that result in less nitrogen in excreta available for
ammoni a formati on. This docunent addresses the known potential abatenent
measur es under the headings;slurry & manure application techniques; slurry
storage techniques; |ivestock housing; feeding strategies and other measures;
and non-agricultural stationary sources.

4, Abat ement of ammoni a emi ssions fromagriculture differs fundamentally
fromthe abatenent of any industrial em ssions because of the intrinsic
difficulties entailed in regulating biological as opposed to engi neering
processes. Amoni a em ssions interact strongly with |ivestock type and
management, soils and climate and these factors differ wi dely across the

Uni ted Nati ons Econom ¢ Comm ssion for Europe (UN ECE) region. Wile sonme of
the techniques listed in this docunent are in commrercial operation in sone
countries, their effectiveness, has, for the nost part, not been fully

eval uated on working farnms. It follows that the efficiency of each of the
abat ement techniques for ammonia carry with them a degree of uncertainty and
variability. The values used in this docunent should only be regarded as

i ndi cati ve.

5. It is possible to categorise many of the potential abatement techniques
on the basis of the |level of current know edge and practicality. Techni ques
in this document are grouped into three categories:

(a) Category 1 techniques - which are well researched, considered to be
practical, and for which there is quantitative
data on abatement efficiency, at |east at the
experinmental scale;

(b) Category 2 techniques - which are prom sing, but where research is at
present inadequate, or where it will always be
difficult to quantify abatenment efficiency;

(c) Category 3 techniques - which have been shown to be ineffective or are
likely to be excluded on practical grounds.

6. Options for ammoni a reduction at the vari ous stages of |ivestock manure
production and handling are interdependent, and combi nati ons of neasures are
not sinmply additive in terns of their conbined em ssion reduction
Controlling em ssions fromapplications of manures to land is particularly

i nportant, because these are generally a |arge conponent of total manure

em ssi ons and because | and application is the |ast stage of manure handling.
Wt hout abatenent at this stage nuch of benefit of abatement during housing
and storage may be | ost.

7. Because of this interdependency of techniques described above, Parties
will need to enploy additional nodelling work before the techniques |isted
here can be used to devel op an anmoni a abatenment strategy to neet nationa
em ssion targets.
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8. The costs of the techniques will vary fromcountry to country. A
t hor ough knowl edge of current husbandry practices is required before the
costs associated with any particul ar abatement techni que can be cal cul at ed.

Cal cul ation of costs will involve an assessnent of all the inplications of
each neasure in terms of both costs and financial benefits. Capital costs
will need to anortised at the standard UN ECE rate of 4 % and cal cul ated
separately from annual operating costs and many neasures may incur both
capital and annual costs. For exanple, new |livestock housing will incur a
capital cost of the building itself plus potential annual costs of extra
mai nt enance and or energy . Costs in this paper are shown for the

Net herlands or UK and are given as exanples only. A fuller explanation of
the nmeans of calculating costs is provided at section G of this docunent.

9. Wher ever possible, techniques listed in this docunent are clearly
defined and assessed against a ‘reference’, unabated situation. The
‘reference’ situation, against which percentage em ssion reduction is

calculated is defined at the beginning of each section. 1In nost cases the
‘reference’ is the practice or design that gives rise to the greatest ammoni a
emission : in many countries the ‘reference’ will be the nost comonly

practi sed techni que, at present.

10. The document reflects the state of know edge and experience of ammonia
control neasures which has been achieved by 1998. It will need to be updated
and anended regularly, as this know edge and this experience continuously
expands, for exanple with new | ow em ssion housing systenms for pigs and

cattle, as well as with feeding strategies for all |ivestock types.
A “Good Agricultural Practice”
11. The concept of “Good Agricultural Practice” ains to identify those

measures to control anmonia em ssions, which protect the environment in the
nost cost-effective way. The set may conprise sinple and highly cost-
effective nmeasures such as sinple nmeans of matching the protein in |livestock
diets as closely as possible to their requirenents; regular cleaning of
livestock collecting areas and the timng of applications of manures to | and
so as to mexim se crop uptake of nutrients. It could also include nore
demandi ng neasures such as techniques for slurry and manure application
slurry storage, |ivestock housing and ot her techniques, as listed in this
annex.

12. Wil st sone of the neasures may provide highly cost-effective means of
abating anmonia, may be difficult to quantify and cost because there is often
a wide range of inplementation already within the farm ng comrunity and they
cannot therefore easily be judged against a ‘worst case’ or ‘npost conmonly
practi sed’ reference.

13. Good Agricultural Practice ainms to achieve a conprom se between econonic
farm ng and environnmental protection. This conprom se will differ from
country to country depending on differing econonm c, environmental and farm
structural conditions. Any statutory requirements to adhere to such advice
will therefore necessarily vary fromcountry to country.
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B. Slurry and manure application techniqgues

14. Reference technique The reference for manure application techniques is
defined as em ssions fromuntreated slurry or solid manure spread over the
whol e soil surface (‘broadcast’). For slurry, for exanple, this would be
with a tanker equi pped with a discharge nozzle and splash-plate. Anmonia

em ssions fromslurry irrigation systems have been | ess studied but could be
as high as the reference case. For solid manures, the reference case woul d be
to |l eave the manure on the soil surface for a week or nore . Em ssions wi ||
vary with the composition of the slurry and manure and with prevailing

weat her and soil conditions. Abatement efficiencies will also vary relative
to reference enissions depending on these factors, so figures quoted should
be regarded as indicative only.

15. Lowering anmoni a eni ssions nmay increase the amunt of N available for

pl ant uptake so adjustnment of mneral N fertiliser application rates should
be considered. Sone techni ques may tenporarily decrease crop yield
(especially of grass) through nechanical damage. There is also potential for
i ncreasing N | osses by other pathways, e.g. nitrate | eaching, nitrification
or denitrification, the latter two processes resulting in greater em ssions
of nitrous oxide.

Category 1 techni ques

16. Category 1 techniques include machinery for decreasing the surface area
of slurries and burying slurry or solid manures through incorporation into

the soil. The techniques included in Category 1 are:
(i) Band- spr eadi ng;
(ii) Trailing shoe or ‘sleigh-foot’ machines;
(iii) I njection - open slot;
(iv) Injection - closed slot;
(v) I ncorporation of surface applied manure and/or slurry
into soil.
17. The average ammoni a abatenent efficiency of category 1 techniques

relative to the reference is given in table 1. The efficiency is valid for
soi|l types and conditions that allowinfiltration of liquid for techniques
(i) - (iv) and satisfactory travelling conditions for the machinery. The
table al so summarises the limtations that nust be taken into account when
considering the applicability of a specific technique and an indication of
t he cost.

18. A nunber of factors must be taken into account in determ ning the
applicability of each technique. These factors include: soil type and
condition (soil depth, stone content, wetness, travelling conditions),

t opography (slope, size of field, evenness of ground), manure type and
conmposition (slurry or solid manure). Sone techniques are nore widely
applicabl e than others. Because the manure is distributed through relatively
narrow pipes in techniques (i) - (iv), even though nost machines incorporate
a device for chopping and honogeni sing the manure, they are not suitable for
very viscous slurries or those containing |arge amunts of fibrous materia
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e.g. straw. Injection techniques are potentially very efficient but they do
not work well on shallow, stony soils, which may result in danage to grass
sward and increase the risk of soil erosion. Incorporation is not applicable

on permanent grassland. Coments on applicability are included in the
descriptions of the technique bel ow and summarised in table 1

19. Band- spreadi ng, trailing shoe and injection machines are normally
fitted to the rear of a slurry tanker which is either towed by a tractor or
is part of a self propelled machine. An alternative is for the applicator to
be attached to the rear of the tractors and slurry transported to it by a
long ‘unbilical’ hose froma tanker or store |ocated off the field. Such
umbi | i cal systens avoid the need to take heavy slurry tankers onto the |and.

20. Band- spreadi ng. Band-spreaders discharge slurry at or just above
ground | evel through a series of hanging or trailing pipes. The width is
typically 12 mw th about 30 cm between bands. The technique is applicable
to grass and arable land e.g. for applying slurry between rows of grow ng
crops. Because of the width of the machine, the technique is not suitable
for small, irregularly shaped fields or steeply sloping |land. The hoses may
al so becone clogged if the straw content of the slurry is too high

21. Trailing shoe. This technique is mainly applicable to grassland.

Grass |l eaves and stens are parted by trailing a narrow shoe or foot over the
soil surface and slurry is placed in narrow bands on the soil surface at 20 -
30 cm spacings. The slurry bands shoul d be covered by the grass canopy so
the grass height should be a m ninumof 8 cm The machines are available in
a range of widths up to 7 - 8 m Applicability is |limted by size, shape and
sl ope of the field and by the presence of stones on the soil surface.

22. Injection - open slot. This technique is mainly for use on grassland.
Di fferent shaped knives or disc coulters are used to cut vertical slots in
the soil up to 5 - 6 cmdeep into which slurry is placed. Spacing between
slots is typically 20 - 40 cmand working width 6m Application rate nust be
adj usted so that excessive anpunts of slurry do not spill out of the open
slots onto the surface. The technique is not applicable on very stony soi

nor on very shallow or conmpacted soils where is inpossible to achieve uniform
penetration of the knives or disc coulters to the required working depth.

23. Injection - closed slot. This technique can be shallow (5 - 10 cm
depth) or deep (15 - 20 cm). Slurry is fully covered after injection by
closing the slots with press wheels or rollers fitted behind the injection
tines. Shallow closed-slot injection is nore efficient than open-slot in
decreasing ammoni a enmission. To obtain this added benefit, soil type and
conditions must allow effective closure of the slot. The technique is,
therefore, less widely applicable than open-slot injection. Deep injectors
usual |y conprise a series of tines fitted with [ateral w ngs or ‘goose feet’
to aid |ateral dispersion of slurry in the soil so that relatively high
application rates can be achieved. Tine spacing is typically 25 -50 cm and
working width 2 - 3 m Al though anmoni a abatenent efficiency is high, the
applicability of the technique is severely limted. The use of deep
injection is restricted mainly to arable | and because mechani cal danage may
decrease herbage yields on grassland. Oher limtations include soil depth
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and clay and stone content, slope and a high draught force requiring a |arge
tractor. There is also a greater risk of nitrogen | osses as nitrous oxide
and nitrates, in some circunstances.

24. I ncorporation. Incorporating manure spread on the surface by ploughing
is an efficient nmeans of decreasing amoni a em ssions. The manure must be
conpletely buried under the soil to achieve the efficiencies given in table
1. Lower efficiencies are obtained with other types of cultivation

machi nery. Ploughing is mainly applicable to solid manures on arable soils.
The technique may al so be used for slurries where injection techniques are
not possible or unavailable. Simlarly, it is applicable to grassland when
changing to arable land (e.g. in a rotation) or when reseeding. Amonia |oss
is rapid foll ow ng spreadi ng manures on the surface so greater reductions in
em ssions are achi eved when incorporation takes place inmediately after
spreading. This requires that a second tractor be used for the incorporation
machi nery which nmust foll ow cl ose behind the manure spreader. A nore
practical option mght be incorporation within the sane worki ng day as
spreadi ng the manure, but this is less efficient in reducing em ssions.

Cat egory 2 techni ques

25. Increasing rate of infiltration into the soil. Wen soil type and
conditions allow rapid infiltration of |iquid, ammonia em ssion decreases
with decreasing slurry dry matter content. Dilution of slurry with water not
only decreases the ammoni um N concentrati on but also increases the rate of
infiltration into the soil follow ng spreading on |Iand. For undiluted slurry
(i.e. 8 - 10 %dry matter), dilution nmust be at least 1:1 (one part slurry to
one part water) to achieve reduced em ssions. A mgjor disadvantage of the
technique is that extra storage capacity nmay be needed and a | arger volume of
slurry must be applied to land. In some slurry managenent systens, slurry
may be already diluted (e.g. where mlking parlour or floor washings,
rainfall, etc. are mxed with the slurry) and there may be only a smal
advantage in diluting further. Wen applying diluted slurries to |and there
may be a greater risk of surface run-off and |eaching and this nust be

guar ded agai nst by paying attention to application rate, soil conditions,

sl ope of the land, etc.

26. Anot her neans of decreasing slurry dry matter content, and hence
increasing the rate of infiltration into the soil, is to renbve a proportion
of the solids by mechani cal separation. Using a nechanical separator with a
mesh size of 1 - 3 nmlowers ammnia | oss by a maxi num of 50 %

Di sadvant ages of the technique include the capital and operating costs of the
separati ng machi ne and ancillary equi prent needed, the need to handle both a
liquid and a solid fraction, and enm ssions fromthe solids.

27. A third option for increasing infiltration rate is to wash slurry off
grass and into the soil by applying water after spreading. A plentiful
supply of water is needed, the application of which is an additiona
operation, but Canadian results have shown that 6nm of water can under sone
ci rcunstances reduce amoni a | osses by 50% conpared to surface application
al one.
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28. Timng of application. Ammnia enissions are highest under warm dry,
wi ndy conditions. Em ssions can be reduced by choosing the optimumtinme of
application, i.e. cool hum d conditions, in the evenings, before or during

rain and by avoidi ng spreadi ng during June, July and August. Although it is
not possible to quantify the efficiency of this technique it is likely to be
very cost-effective and to inprove the efficiency of sonme other | ow em ssion
techniques in category 1. Conditions that favour | ow amoni a em ssions (e.qg.
hum d, no wind ) may give rise to problenms with of fensive odours by
preventing their rapid di spersion.

29. Pressurised injection. 1In this new technique, slurry is forced into
the soil under pressure of 5 - 8 bars. Because the soil surface is not
broken by tines or discs the technique is applicable on sloping |and and
stony soils where other types of injector cannot be used. Em ssion
reductions of up to 70 % have been achieved in field trials, but further
eval uati on of the technique is needed.

Cat egory 3 techni ques

30. Acidified slurry. The equilibrium between ammoni um N and ammnia in
sol utions is dependant upon the pH  Hi gh pH favours | oss of anmonia; |ow pH
favours retention of ammonium N. Lowering the pH of slurries to 4 - 5 by
addi ng strong acids (e.g. nitric or sulphuric acid) decreases amoni a

em ssion by 30 - 95 % Nitric acid has the advantage of increasing the
slurry N content so giving a nore balanced NPK fertiliser. Acidification has
been carried out during storage of slurry and al so during spreadi ng using
speci al |y designed tankers. Although efficient, the technique has two major
di sadvantages. Firstly, handling strong acids on farns is very hazardous
and, secondly, there is considerable potential for increasing rate of
nitrification/denitrification and em ssions of nitrous oxide. Moreover
addi ng too much acid could produce hydrogen sul phide and increase odour

probl emns.

31. QO her additives. Salts of calcium (Ca) and magnesi um (My), acidic
conmpounds (e.g. FeC,; Ca(NG), ) and super-phosphate have been shown to | ower
amoni a em ssion but the quantities required are too large to be practically
feasi ble. Absorbent materials such as peat or zeolites have al so been used.
There is also a range of commercially avail able additives, but in generally,
these have not been independently tested.
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Tabl e 1.

Category 1 abatenent techni ques for manure application to | and*

Abat enent
neasure

Type of
manur e

Land
use

Em ssi on
reduction

(%

Applicability?

Cost sP
ECU per

e

Band- spr eadi ng

Slurry

G assl
and

30
Em ssi on
reductio
n wll
be | ess

i f
appl i ed
on grass
>10 cm

Sl ope (<10% for
tankers; <20%
for unmbilica
systems; not for
slurry that is
vi scous or has a
hi gh straw
content, size
and shape of
field.

0. 68

Band- spr eadi ng

Slurry

Ar abl e

30

Sl ope (<10% for
tankers; <20%
for umbilica
systems; not for
slurry that is
vi scous or has a
hi gh straw
content, size
and shape of the
field,

possi bility of
applying to
growi ng crop

bet ween rows.

0. 68

Trailing shoe

Slurry

Mai nl y
gr assl
and

70

Sl ope (<10% for
tankers; <20%
for umbilica
systens; not

vi scous slurry,
si ze and shape
of the field,
grass hei ght
shoul d be about
8 cm

1.33

I njection
(open sl ot)

Slurry

Grassl
and

60

Sl ope < 12 %
greater
limtations for
soil type and
condi tions, not
vi scous slurry

2.51

I njection
(cl osed slot)

Slurry

Mai nl y
gr assl
and,
ar abl e
| and

80

Sl ope < 12 %
greater
limtations for
soil type and
condi tions, not
vi scous slurry.

2.51
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I ncor poration Solid Ar abl e 80 Only for Iand Slurry
- imediate manur e | and t hat can be 0.67 dairy
(costs for < and easi |y pl oughed 0.53 other
4h) slurry cattle
1.05 pigs
Manur e
1.32 dairy,
ot her
cattle,
sheep &
goat s
1.47 pigs
3.19 | ayers
6.19
broilers
- within same Solid 50-90 As above
wor ki ng day manur e for
and manur e
slurry dependi n
g on
type;
40
for
slurry
*/ Em ssions reductions are agreed as likely to be achievable across the
UV ECE. a See text for details
b Costs are for United Kingdom. Costs are annual operating costs based on

use of contractors and depend on the application rate per hectare. See Section

G for nore information on costs.
C. Slurry storage techniques
32. At present, there are no proven techniques for reducing amoni a

em ssions fromstored solid manures. This section relates only to techniques
for slurry storage. After renoval from ani mal houses, slurry is stored
either in concrete or steel tanks or silos or in |agoons, often with earth
walls. The latter tend to have a relatively larger area per unit volume than
the former.

33. Em ssions fromslurry stores can be reduced by decreasing or
elimnating the airflow across the surface by installing a cover; by allow ng
the formation of a crust; or by reducing the surface per unit volume of the
slurry store.

34. When using an em ssion abatenent technique in manure stores, it is
i mportant to prevent |oss of the conserved ammoni a during spreading on |and
by using an appropriate | ow em ssion application technique.

35. Ref erence techni que. The baseline for estimating the efficiency of an
abat enent neasure is the em ssion fromthe sane type of store, w thout any
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cover or crust on the surface. Table 2 gives an overview of the different
em ssi on abatenment nmeasures for slurry tanks and their efficiency in reducing
em ssi ons.

Category 1 techni ques

36. The nost well proven and practicable technique to reduce enissions from
stored slurry is to cover the slurry tanks or silos with a solid lid, roof or
tent structure. Sealed tanks of canvas reinforced by glass fibre are al so
avail able for this purpose. Wile it is inportant to guarantee that covers
are well sealed to mnimse air exchange, there will always need to be sone
smal | openings or a facility for venting to prevent the accunul ati on of

i nfl ammabl e gases, such as nethane.

Cat egory 2 techni ques

37. Aside fromrigid covers and roofs (category 1), there is a range of
flexible or floating covers that can al so reduce amoni a em ssions from
stored slurries by preventing contact between the slurry and the air

However, the effectiveness and practicality of these covers is not well
tested and is likely to vary accordi ng to managenent and ot her factors
(category 2). Exanples include flexible covers such as plastic sheeting

pl aced on the surface of the slurry or a layer of oil floating on the
surface. Simlarly, the introduction of straw, peat, LECA balls (light
expanded cl ay aggregates) or other floating material to the slurry surface in
tanks or | agoons can reduce em ssions by creating an artificial crust. These
floating materials mght hinder honmpgenisation of the slurry prior to
spreadi ng, or the spreading process itself, by clogging up machinery. This
could cause problems on farms with frequent slurry spreading (e.g. to

grassl and).

38. M nimsing stirring of stored cattle slurry of sufficiently high dry
matter content will allow the build up a natural crust. |If this crust
totally covers the slurry surface, and is thick enough, and if slurry is

i ntroduced bel ow the crust, such a crust can significantly reduce amoni a

emi ssions at little or no cost. This natural crust formation is an option for
farms that do not have to m x and spread slurry frequently. The em ssion
abatenent efficiency will depend on the nature and duration of the crust. Due
to this uncertainty this neasure is also grouped in category 2.

39. If lagoons (or weeping wall stores) are replaced by tanks, em ssions
may al so be reduced due to the | ower surface area per unit volune. This
could be an effective (though expensive) reduction option, particularly if
the tanks are covered by rigid lids. However, the effectiveness of the
option is difficult to quantify, as it is strongly dependant on the
characteristics of the |lagoon and the tank, and it is therefore classed as
category 2.
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Tabl e 2. Em ssi on abatenment neasures for slurry storage
Abat ement Li vesto Em ssi on Applicability Cost s
measur e ck reduction (ECU per n¥ yr.)®
cl ass (9 °
RigidIlid or Al | 80 Tanks & silos 8. 00
roof (CAT. only
1)
Fl exi bl e Al | 60 1.10 - tanks
cover or 1. 25- | agoons
floating
sheet
(CAT. 2)
Low Al | 40 Probabl y not 1.10 - tanks
t echnol ogy practicabl e
covering on | agoons.
(straw, Not on farms
peat, bark, with frequent
LECA bal I s, slurry
etc.) spreadi ng
(CAT. 2)
Nat ur al Cattle 35 - 50 Not on farms 0. 00
crust with frequent
(CAT. 2) slurry
spreadi ng
Repl acenent All 14.9
of | agoon, (cost of tank
etc. with 6. 94)
covered tank
(CAT. 2)
a Em ssion reductions are agreed best estinmates of what m ght be

achi evabl e across UN ECE. Reductions are expressed relative to em ssions
froman uncovered slurry tank/ silo.

b Costs are for the United Kingdom. Costs refer to the cost of the lid
only, and do not include the cost of the silo.

D. Livestock housing

40. Ani mal housing vari es enornously across the UN ECE regi on and anmoni a
em ssions will vary accordingly. 1In general, em ssions fromlivestock
housing will be reduced if the surface area of the exposed slurry or manures

is reduced and/or it is frequently renmoved and placed in covered storage
outside the building. Enmssion reductions can also be achieved in poultry
housi ng by drying manure and litter to a point where ammonia is no | onger
formed. Many of the options for reducing em ssions from housi ng can only be
i mpl enented for newly built houses. Ohers require significant structura
changes or energy inputs. For these reasons they are often expensive
relative to manure application or storage options.

41. Ref erence techniques The |level of ammoni a em ssion reduction achi eved
t hrough adopting new |ivestock housing designs will depend critically on the
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housi ng types currently in use and so can only be calculated in a matrix of
change (see tables 4, 6 & 8).

Housi ng systens for dairy and beef cattle

42. There are currently no Category 1. techniques avail able for abating
amoni a from dairy and beef housing.

Cateqgory 2. techniques

43. Straw-based systens. Research to-date has not provided any proven | ow
anmoni a em ssi on housi ng techniques for beef or dairy cattle on straw based
or farmyard manure systens. Ammoni a em ssions from straw based housi ng may
depend critically on the quantity of straw used: a high straw content in the
manure can give rise to |l ower em ssions conpared to some traditional slurry-
based housing but there is currently insufficient data to prescribe specific
quantities of straw per animal.

44, Slurry-based systens. A nunber of systens have been tried for slurry-
based cattl e housing, although none are sufficiently devel oped at present to
be recomrended as category 1 techniques. As with other |ivestock housing,
current practice varies greatly between countries and farmtypes. The system
nmost commonly researched is the “cubicle house” for dairy cows, where
anmoni a em ssions arise fromthe manure pit, beneath the floor and from
urine- and manure-fouled slatted and/or solid floors. 1In table 3, cubicle
housing is considered to be the reference case. Buildings in which the
cattle are held in tied stalls tend to give rise to | ower anmonia emn ssions
t han | oose housi ng because a smaller floor area is fouled with dung and
urine. However, tied systenms are not reconmended because of animal welfare
consi derati ons.

45, Techni ques to reduce ammoni a em ssions in cattle housing apply one or
nore of the follow ng principles;

- Decreasing the surface area foul ed by nmanure;

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

- Rapi d removal of urine; rapid separation of faeces and urine;

- Decreasing of the air velocity above the manure;

- Reduci ng the tenperature of the manure and surfaces it covers.

46. Scraping and flushing systems. A nunber of systens have been tried

i nvol ving regular renoval of the slurry fromthe floor to a covered store
outside of the building. These involve either flushing with water, acid or
diluted slurry, or scraping with or without water sprinklers. I n general
these systens have proved to be ineffective or too difficult to maintain

The use of snmooth and/or sloping floors to assist in scraping or flushing has
given rise to problens with animals slipping and potentially injuring

t hensel ves.

47. The npst promising systemto date involves the use of a “toothed”
scrapper running over a grooved floor. This appears to produce a clean, and
therefore lower emtting floor surface, while still providing enough grip for

the cattle to prevent any problenms of slipping. This systemis currently
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under evaluation in the Netherl ands.

48. Table 3 gives em ssions fromdifferent cattle housing in the

Net herl ands and an indication of the em ssions reductions and costs which
have been found in that country. Table 4 shows the applicability and

advant ages of adopti ng new housing designs relative to those in current use.

Tabl e 3. Ammoni a em ssions and costs of different cattle housing in the
Net her | ands.

System || Housing type Reducti on Ammoni a Extra Extra costs
(% em ssion I nvest nent s (EQU cow
(kg/ cow costs | ace/ year)
pl ace/ year) (ECU cow P y
pl ace)
1 Cubicl e house 0 13.0 Ref er ence Ref er ence
(Ref erence)
2 Ti ed systent 40 7.5 -/ - -/- ¢
3 Tied system only 60 5.0 -/- -/-
during winter time®
4 G ooved floor (CAT. 50 4.0 374 55
2)
5 Fl ushi ng system 50 4.0 217 31
wi t hout acid
several times a day
(CAT. 2) 102 - WK
Scraper/slurry
syst enms
6 Solid floor wth 0 0. 60 -/ - -/ -
straw beddi ng* [ much too
| ow for
Sweden]

a Tied systenms are not favoured for aninmal welfare reasons. PSystens with
straw are favoured for aninmal welfare reasons. Eni ssions depend on the
anmount of straw used. Too little straw may increase em ssions. °Difficult to
quantify. In any case, |abour costs will be higher.

Tabl e 4. The applicability of the different housing systens for cattle. (Read
hori zontal |y only)

System Applicability of changing from]|1 2 3 4 5 6
one housi ng design to another
1 Cubi cl e house (Reference) 3 3 2 2 4
2 Ti ed system 4 4 4 3 4
3 Tied systemonly during winter |4 4 1 3 4
time
4 Castellated floor 4 4 4 o/o | 4
5 Fl ushing system w t hout acid |4 4 4 o/ o 4
several tines a day
6 Solid floor with straw bedding | 4 4 4 4 4
=hi ghly applicable 4 = illogical, (NH; increasing)
2 = applicable o/o = no difference in NH; eni ssion
3 = not applicable
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Housi ng systens for pigs

49. Ammoni a emi ssions from pig housing arise fromthe manure pit beneath
the floors and fromurine- and manure-foul ed slatted and solid floors.

Em ssions fromfloors are influenced by the ratio of the slatted- to solid-
floor area. Enissions fromthe pit can be decreased by quickly and
conpletely renmoving the manure to an outdoor storage or by treating it (e.g.
acidification or cooling).

50. Em ssions fromfully slatted pig houses are taken as the reference,
al though in sonme countries these systenms are not allowed for animl welfare
reasons. Pig housing with solid floors and straw bedding is favourable from
an animal wel fare point of view. However, these systens can give rise to
amoni a em ssions as high or even higher than those fromhousing with fully
slatted floors, particularly as they tend to allow nore floor area (and
therefore a larger emtting surface) per aninmal

Category 1 techni ques

51. Partly slatted floors (c. 50 % area), generally give rise to reduced
anmoni a em ssions, particularly if the slats are netal or plastic coated,
allowing the manure to fall nore rapidly and nore conpletely into the pit

bel ow. Emi ssions fromthe solid part of the floor can be reduced by using an
i nclined or convex, snoothly finished surface, by appropriate siting of the
feeding and watering facilities to prevent fouling the solid areas and by
good climate control

52. A nunber of manure renoval or treatnment systems can be used in
conjunction with good floor design to further reduce amoni a em ssions from
pi g housing. They are |isted bel ow

Flushing systens. There are many different types of flushing system Low
em ssion flushing systens renove the manure fromthe pit rapidly. The
addition of acids also gives rise to a higher reduction in em ssions
al t hough this has other disadvantages (see paragraph 28).

Vacuum systens. Rapid renoval of manure from pits can be achi eved by vacuum
removal systens operated at |east daily.

Manure cooling. Cooling of the surface of the manure in the under floor pit
to 12 °C or |less by punping groundwater through a floating heat exchanger
can substantially reduce ammoni a emni ssi ons. A readily avail abl e source of
groundwater is required and the system may not be all owed where drinking
water is extracted.

53. New desi gns for pig housing should, ideally integrate the floor, manure
pit and renmoval systemw th pen geonmetry to influence drinking and excreting
areas in conbination. Manure pit surface area can be reduced by using, for
exanpl e, manure pans, manure gutters or small manure canal s.
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Cat egory 2 techni ques

54, Category 2 techni ques for reducing ammoni a i ncl ude good climate contro
wi thin the housing, which ensure that tenperature and ventilation rates do
not get too high. O her systems which have potential to reduce amoni a

i ncl ude sinking the under-floor manure pit to a greater depth (suggest 1.2 m
instead of the 0.45 nm to maintain the slurry at a | ower tenperature and

m xi ng bedding straw with peat. The use of peat, however, is considered
unsust ai nabl e in many countries.

Cat egory 3 techni ques

55. It is possible to treat the ventilated air fromthe pig housing using a
bi ol ogi cal or organic matter (e.g. peat, bark) scrubber but these systens are
generally very expensive and have mgjor practical drawbacks, such as cl ogging
up and increasing the volunme of waste. Also, they are not applicable to
natural ly ventilated buil dings.

56. Table 5 shows the anmoni a em ssions for reference and Category 1.
housi ng types for fattening pigs in the Netherlands depending on the type of
floor, the manure renoval system and the integrated design of pen and manure
pit. Table 6 shows the applicability and advantages of adopting new housi ng
designs relative to those in current use. Simlar tables could be constructed
for sows and weaners.
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Tabl e 5.

Techni ques,
systens for fattening pigs* (al

reductions and costs of
techniques |isted are Category 1)

| ow-em ssi on housing

System || Housi ng type Reducti on Ammoni a Extra Extra costs
(% em ssi.on I nvest nent s (EQU pi g
(ka/pi g COStS. pl ace/ year)
pl ace/ year) (ECU pig
pl ace)
1 Fully slatted floor | Reference 3.0 Ref erence Ref erence
(Ref erence)
2 Partly slatted (c. 50 20 2.5 5 -/ -
% floor 8.27 - WK
3 Vacuum system 25 2.2 10 4
4 Partly slatted floor - 40 1.8 20 - NL 6 - NL
metal slats 57.5 - UK 7.82 - UK
5 Partly sl atted, 20 2.5 5 4
external alleys (width
1.3 - 1.5 nm
6 Fl ushi ng system by 45 1,6 50 17
gutters
7 Flushing system wth 55 1.4 54 11
aci d
8 Flushing system wth 55 1.4 55 12
clarified aer at ed 17. 21 -
slurry UK
9 Manure cooling system 60 1.2 56 9
(to 12° C max.)?
10 Partly slatted floor - 65 1.0 5 0.2
nmet al slats pl us
reduced manur e pit
surface to max. 0.18nR2
11 Solid floor with straw 0 3.0 -/ - -/ -
beddi ng®

*Em ssions and reductions refer to experience in the

Net her | ands.

Costs are for

Net herl ands (NL) unl ess stated otherw se,

they are for the United Ki ngdom (UK).

2A readily avail abl e source of groundwater
be al |l owed where drinking water

system may not

bSystens with straw are favoured for ani ma

wher e

is required and the
is extracted.
wel fare reasons.
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Tabl e 6. The applicability of the different techniques of | ow em ssion
housi ng systens for fattening pigs. (Read horizontally only)
Syst | Applicability of changing |1 2 3 4 5 6 7 8 9 (10 |11
em | from one housing design
to anot her
1 Fully slatted floor 2 1 2 1 1 1 1 1|2 o/
(Ref erence) 0
2 Partly slatted (c. 50 %9 | 4 1 1 1 1 1 1 1 ]1 4
fl oor
3 Vacuum system 4 4 1 4 3 1 1 1|1 4
4 Partly slatted floor - |4 4 4 4 1 1 1 1|1 4
metal slats
5 Partly slatted, external |4 4 1 1 3 3 1 2 |1 4
al | eys
6 Fl ushi ng system by | 4 4 4 4 4 3 3 3 |1 4
gutters
7 Fl ushing systemwi th acid | 4 4 4 4 4 4 3 3 ]1 4
8 Fl ushi ng system with |4 4 4 4 4 4 4 3 |1 4
clarified aerated slurry
9 Manure cooling systemto |4 4 4 4 4 4 4 4 3 4
129 C max.
10 Partly slatted floor -4 4 4 4 4 4 4 4 4 4
metal slats - reduced
manure pit surface
11 Solid floor with straw]| 3 3 3 3 3 3 3 3 3 12
beddi ng
1 =highly applicable 4 = illogical, (NH; increasing)
2 = applicable o/o = no difference in NH; em ssion
3 = not applicable
Housi ng systens for |aying hens
57. Battery systens. The traditional deep pit t houses where the

manure falls and is stored often for a year or nore in a pit beneath
the surface of the house is the highest emtting housing for intensive
Il aying hens and this is therefore taken as the reference. However,
free-range, barn and aviary-type housing can also give rise to high
ammoni a em ssions and options for changing these systems will be
different and probably nore Iimted because of the need to take ful
account of welfare concerns.

58. Aviary & Free Range Systens The sane system of manure
ventilation and rempoval can apply to some aviary systens where manure
belts are placed under the tiers to collect the manure where the hens
are free to walk around. In sone countries the definition of "free
range” includes such systens but with access to outdoors. In other
countries |taying hens in “free-range systens” are housed on solid or
partly slatted floors. |In these systens the solid floor area is
covered with litter and the hens have some access to the outdoors.
Manure accunul ates either on the solid floor or under the slatted area
for the laying period (about 14 nmonths). Currently there are no proven
| ow ammoni a systens for these free-range houses.

Category 1 techni ques

59. Ammoni a em ssions frombattery deep-pit, or canal systens (step
deck, tier) can be reduced by reducing the noisture content of the
manure through forced or unforced ventilation over the manure pit.
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So-called Stilt houses where the renpval of side walls fromthe | ower
areas used to store manures can provide a highly effective neans of
ventilation. NL to provide data on efficiency)

60. The col l ection of manure on manure belts and the subsequent
renoval of manure to covered storage outside the building can also
reduce ammoni a em ssions, particularly if the manure is dried on the
belts through forced ventilation. The manure should be dried to a dry
matter content of 70 %to prevent the formation of ammonia. If the
wastes fromthe manure belts are collected in an intensively
ventilated drying tunnel, inside or outside the building house, the
dry matter content of the manure can reach 60 - 80 %in |less than 48
hours. Weekly renoval fromthe manure belts to covered storage has
been shown to reduce em ssions by half conpared to renoval every two
weeks. In general, the em ssion |level frommanure belt |ayer houses
wi ||l depend on:

- The length of tine that the manure is present on belts (Ilong
time = high em ssions);

- The dryi ng system

- The poul try breed;

- The ventilation rate (low rate = high em ssions)

Housing systens for broilers.

61. Traditionally, broilers are kept in buildings with a solid fully
littered floor. This is tacken as the reference case. To prevent
ammonia em ssion it is inportant to keep the litter as dry as
possible. The dry-matter content and the em ssion of amroni a depend
on, inter alia:

- The drinki ng-water system

- The duration of the breeding period,
- The ani mal density and wei ght;

- The use of air purification systerns;
- The use of floor insulation

Category 1 techni que

62. A sinple way of maintaining dry manure is to reduce the spillage
of water fromthe drinking system (e.g. using a nipple drinking

system.

Cat egory 2 techni ques

63. There are no category 1 techniques for broiler houses beyond the
sinmpl e measure nentioned in paragraph 62, though nore effective em ssion
reducti on can be achieved through forced drying and several systens are
currently being evaluated. In one Dutch system (“floating floor
systent), the Ilitter is aerated by forcing air under the «cloth
(“floating”) floor and the manure and litter. The systemis very energy
i ntensive (double the electricity use of a conventional broiler house)
and mght increase dust em ssions. However, the extra ventilation
i nproves the distribution of heat, giving sone savings on heating costs.

Cat egory 3 techni ques

64. It is possible, in forced ventilation poultry housing to treat
the wventilated air using a biological or organic matter (e.g. peat or
bar k) scrubber but these systens are generally very expensive and have
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maj or practical drawbacks, such as clogging up and increasing the
vol une of waste

65. Tabl e 7 shows the techniques, potential reductions and costs of
| ow- em ssi on housing systens for |aying hens and broilers as applied
in the Netherlands. Table 8 shows the applicability and advantages of
adopting different poultry housing designs in relation to the type of
housi ng currently in use.
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Table 7.

Reduction in amonia em ssions fromdifferent poultry systemns

relative to reference*

Syst Housi ng type Reducti o Amoni a Extra Extra
em n (% em ssion || I nvestme costs
(g/ani ma nts
I costs 0“?%
pl ace/ ye (ECU ? F 7
ar) poul try place
pl ace) year)
Layi ng hens
a Dry manure
1 Deep pit, and canal system Ref er enc 386 Ref erenc | Referenc
e e e
Belt systems wi thout drying 60 150
2 Manure belt with forced drying 80 85 -/ - 0.68 -
and outside storage UK
3 Manure belt with forced drying 90 35 -/ - 0.68 -
wi th seal ed storage UK
Free range system NL to
provi de
dat a
4 Barn housing (slatted floor) 20 315 0. 56 0.26 -
NL
5 Aviary manure belt forced 90 75 0.50 0.25 -
dryi ng by ventilation NL
b Wet manure
6 Open manure storage under the 83 85 -/ - -/ -
cage (flat deck, stair step,
conpact battery) Wi th or
Wi t hout scraper
7 Renmoval of manure at |east 90 35 0.09 -/ -
twice per week to a closed
storage (manure belt)
Broilers
1 Traditional (Litter) Ref er enc 50 Ref erenc | Referenc
e e e
2 Floating floor with drying of 90 5 3.82 0.15 -
litter (CAT. 2) NL
3 Perforated floor with forced 85 14 4.64 - 0.10 -
drying of litter (CAT. 2) [doesn’ t NL NL
agree 3.71 - 0.09 -
with UK UK
glyr.]
Air circulation in house
Air circulation in pit
0.39 -
UK
0.22 -
UK

* Em ssions refer to experience in the Netherl ands.

t he Netherlands (NL) and/or WK

Costs are for
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Tabl e 8. The applicability of the different category 1 techniques of
| ow- em ssi on housi ng systens for laying hens and broilers. (Read in
one direction only - horizontally)
System | Applicability of 1 2 |3 |4 |5 1|6 |7
changi ng from one
housi ng design to
anot her
Layi ng hens
1 Deep pit, stilt house 2 1 13 |3 |1 1
and canal system
2 Manure belt with forced | 4 1 3 3 13 1
drying
3 Manure belt with forced | 4 4 3 3 12 2
drying Wi th seal ed
st or age
4 Barn housing (slatted |4 3 3 2 3 3
floor)
5 Avi ary manur e belt | 4 4 |4 |4 3 |3
forced drying by
ventil ation
6 Open manur e storage | 4 4 4 4 4 1
under the cage (flat
deck, stair st ep,
conpact battery) with or
wi t hout scraper
7 Renpval of manure at |4 4 |4 |4 |4 |4
| east twice per week to
a cl osed storage (manure
bel t)
1 = highly applicable 3 = not applicable
2 = applicable 4 = illogical, (NH
i ncreasing)
E. Feedi ng strategies & other neasures
Feedi ng strategies
66. Adjusting |ivestock feed conposition to decrease the amunt of

ni trogen excreted could be one of the nobst sustainable nmethods of
reduci ng not only anmoni a but al so other fornms of agricultura
nitrogen emssions to water and -air. Short of reducing |ivestock
nunbers, dietary manipulation is the only neasure that actually seeks
to reduce the total quantity of excreted nitrogen entering the
environnent. Abatement depends mainly on the reduction of soluble
nitrogen excretion that usually corresponds with nitrogen excreted in
the urine.

67. Ref erence techni gue The extent to which ammpni a em ssions can be

reduced through feeding strategies will be crucially dependent on
current feeding practices (reference). The reference varies greatly
across the UNECE and is in many cases not documented. |In general, a
reduction of nitrogen excretion by 1 kg will result in an anmonia

reduction of 0.3 - 0.5 kg N. Due to the uncertainty over the
reference and its variable efficiency (due to ration conposition and
ani mal physiol ogy), the feeding strategy option is allocated to
category 2.
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68. Measures to minimse protein over-consunption may be taken

i medi ately and are usually very cost-effective. They usually aim at
adjusting the protein content and quality of the ration as closely as
possi bl e to individual animl needs for all types of animals. This
can reduce the nitrogen excreted in faeces and urine.

69. Phase feeding (different feed conposition for different age or
production groups) offers a cost-effective nmeans of reducing nitrogen
excretion in pigs and poultry and could nmostly be inplenmented in the
short term Milti-phase feeding depends on conputer-ai ded automat ed
equi pnent .

70. For rations conposed mai nly of concentrates (especially for pigs
and poultry) the crude protein content can be reduced if sonme
essential amino acids are added in pure form (minly |ysine,

met hi oni ne and threonine) to give an ideal protein diet.

71. For cattle fed mainly on roughage (grass, hay, silage, etc.) a
certain protein surplus is often inevitable (mainly during sumer) due
to an inbal ance between energy and protein in young grass. This
surplus m ght be reduced by addi ng conponents with | ower protein
content to the ration (e.g. maize or hay) or by increasing the
proportion of concentrate in the ration. The latter option will be
limted in grassland regi ons where roughage is the only feed locally
avai | abl e.

72. Special conbinations of conponents in concentrates can help to
achieve the am no acid requirenent of the animals with a | ower crude
protein content than otherwi se necessary. As this strategy usually
requires special conponents it can lead to extra costs and often
cannot be recomrended for the npjority of the farns due to the limted
| ocal availability of the conponents. For pigs especially, this
strategy will often also conpete with the utilisation of by-products
fromthe food processing industry.

O her neasures

Mneral fertilisers

73. The proportion of nitrogen |ost as amonia is higher for urea
than for other mneral nitrogen fertilisers. Therefore, the
substitution of urea can reduce em ssions by up to 90 % dependi ng on
the substituting fertiliser and on climatic and soil conditions. The
i mpl enmentation of this substitution is inmediately possible wthout
maj or restrictions. Its efficiency is well understood (category 1).

Grazing

74. Urine excreted by grazing aninmals can often infiltrate into the
soil before substantial ammni a em ssions can occur. Therefore,
amoni a em ssions per aninmal are |ower for grazing animals than for
those in housing where the excrenment is collected, stored and applied
to land. The |evel of em ssion reduction through increasing the



EB. Al RF WG. 5/ 1999/ 8
page 23

proportion of the year spent grazing will depend on the base |ine

(em ssion of ungrazed animals), the tine the animals are grazed, the
fertiliser level of the pasture, etc. The potential for increasing
grazing is often limted by soil type, topography, farnms size and
structure (distances), climatic conditions, etc. Due to its
dependence on prevailing conditions and some uncertainties about other
nitrogen em ssions, additional grazing has to be grouped in category 2
in spite of its well docunmented effectiveness

Manur e treat nent

75. Research on various options of reducing em ssions by manure
treatment are investigated or discussed. Sonme potentially prom sing
options are:

Conposting of solid manure or slurry with added solids. Experinmenta
results are very variable and soneti nes even show i ncreased
em ssi ons;

Controlled denitrification processes in the slurry: pilot plants show
that it m ght be possible to reduce anmoni a em ssions hy
transform ng anmoni umto nitrogen gas by controlled denitrification
(alternating aerobic and anaerobic conditions). To achieve this a
special reactor is necessary. The efficiency and the reliability of
the systemand its inpact on other em ssions need further
i nvestigation.

76. The efficiency of manure treatment options should generally be

i nvestigated under country or farmspecific conditions. Apart from
anmoni a em ssions, other em ssions, nutrient fluxes and the
applicability of the system under farm conditions should be assessed.
Due to the mentioned uncertainties these nmeasures have to be generally
grouped in category 2 or 3.

Non-agri cul tural nmanure use

77. If manure is used outside of agriculture, agricultural em ssions
may be reduced. Exanples of such uses already common in sone
countries are the incineration of poultry manure and the use of horse
and poultry manure in the nmushroomindustry. The em ssion reduction
achi eved depends on how fast the manure is taken away fromthe farm
and how it is treated. An overall reduction of the em ssions wll
only be achieved if the utilisation of the manure itself does not
generate high em ssions (including other em ssions than anmonia). For
exanpl e, the use of manure in horticulture or the export of manure to
ot her countries will not reduce overall em ssions. There are also

ot her environmental aspects to be considered, for exanple, poultry
litter incineration is a renewabl e source of energy, but not all the
nutrients in the litter will be recycled within agriculture.

Feed or manure additives

78. A wide variety of feed and nanure additives have been suggested
to reduce amoni a em ssions. They nostly aimat reducing the amoni a
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content or the pH by chem cal or physical processes. Their efficiency
i n reduci ng anmoni a em ssi ons depends on how well they achi eve these
aims and on where in the manure management process they are

i ntroduced. As nost of the products available on the market have not
been i ndependently tested or the test results were not statistically
signi ficant and reproduci ble, they have to be grouped in category 3.

F. Non- agricultural stationary sources

Production of inorganic N fertilisers, urea and ammpni a

79. The nost inportant industrial sources of amopnia em ssions are
m xed fertilisers plants produci ng anmoni um phosphat e,

ni t rophosphates, potash and conpound fertilisers and nitrogenous
fertiliser plants manufacturing inter alia urea and anmoni a. Anmpni a
phosphat e producti on generates the nost amonia em ssions fromthe
sector. Ammonia in uncontrolled atnospheric em ssions fromthis
source has been reported to range from0.1 to 7.8 kg Ntonnes of

pr oduct

80. Ni trogenous fertiliser manufacture covers plants producing
anmoni a, urea, ammni um sul phate, ammoni um nitrate and/ or amoni um

sul phate nitrate. The nitric acid used in the process is wusually
produced on site as well. Ammonia em ssions are particularly likely
to occur when nitric acid is neutralised with anhydrous amonia. They
can be controlled by wet scrubbing to concentrations of 35 ng NH, [-
N?]/nm? [of air] or lower. Em ssion factors for properly operated
plants are reported to be in the range 0.25 to 0.5 kg NH)/tonne of
product .

81. Addi tional pollution control techniques beyond scrubbers,

cycl ones and baghouses that are an integral part of the plant design
and operations are generally not required for mxed fertiliser plants.
In general, an ammonia emssion limt value of 50 ng NH,-N n? may be
achi eved t hrough maxi m sing product recovery and m ni m sing

at nospheric em ssions by appropriate maintenance and operation of
control equi pment.

82. In a well operated plant, the manufacture of NPK fertilisers by
the nitrophosphate route or mxed acid routes will result in the

em ssion of 0.3 kg/tons NPK produced and 0.01 kg/tonnes NPK produced
(as N). However, the em ssion factors can vary w dely dependi ng on
the grade of fertiliser produced.

83. Amoni a em ssions from urea production are reported as recovery
absorption vent (0.1-0.5 kg NHy/tonnes of product), concentration
absorption vent (0.1-0.2 kg NHy/tonnes of product), urea prilling (0.5-
2.2 kg NH/tonnes of product) and granulation (0.2-0.7 kg NH/tonnes of
product). The prill tower is a source of urea dust (0.5-2.2 kg
NH,/ t onnes of product), as is the granulator (0.1-0.5 kg /tonnes of
product as urea dust).

84. In urea plants, wet scrubbers or fabric filters are used to
control fugitive em ssions fromprilling towers and baggi ng
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operations. This control equipnment is simlar to that in mxed
fertiliser plants, and is an integral part of the operations to retain
product. |If properly operated, new urea plants can achi eve em ssion
l[imt value of particular matter |less than 0.5 kg/tonne of product for
both urea and anmoni a.

85. It should be noted that neasured em ssions of ammonia may be hi gher
than cal cul ati ons based on em ssion factors mght suggest. In sone
countries, these em ssions nay be covered by regul ati ons such as the EC
Directive on Integrated Pollution Prevention Control which requires the
use of BAT to prevent or mnimse emssions to air, soil and water

G Calculating the unit cost of ammpni a abatenent technigues for
agriculture
86. The costs in this docunent were based on the follow ng

assunptions:

UK Costs. Cost for the United Kingdom are based on the year 1998, at
which tine the exchange rate was 1.548 ECU £. Machinery costs were
anortised at 6 %over 5 years, while the cost of buildings and ot her
structures was anortised at 6 % over 10 years.

NL costs. Costs for the Netherlands are based on the year based on
the year 199x, at which tinme the exchange rate was x ECU Guil der
Machi nery costs were anortised at x % over x years, while the cost
of buildings and other structures was anortised at x % over X years.
( NL to provide missing info.)

More detail on the method for arriving at these costs is given bel ow

87. | nt roduction

Cal cul ating the national cost of the introduction of anmpni a abat enent
measures conprises two distinct phases. These are:

cal cul ation of the unit cost of each of all the potentia
abat ement neasures;

the utilisation of the unit cost by the RAINS or other
I nt egrated Assessnent nodel .

This section sets out the methodol ogy for the first phase identified
above.

88. Before carrying out any quantitative analysis of the
i mplications of adopting nmeasures to reduce ammonia em ssions it is
necessary to have a thorough know edge of:

husbandry practices common in the base year
the effects which the abatenent neasures will have on husbandry,
physi cal performance and managenent.

The neasures may have inplications for change beyond the farner or
| andowner. Exanples of such changes could include Governments
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considering the provision of grants to assist those faced with capita
i nvestment or machinery contractors that need to re-equip. 1In the
context of the Integrated Assessnent nodelling it is necessary to
consider the costs at the national |evel.

89. Calculation of the unit cost of individual abatenent neasures.

The foll owing steps should be followed to cal cul ate national costs for
abat ement neasures on a common basis. Explanatory notes and exanples
are provided to support the guidance.
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Step Details

1. Obj ective List all the potential measures grouped by system

Met hod

Separate by type of |ivestock, building, manure storage
and spreadi ng techni que.

2. bj ective Identify the inplications of each neasure for farmers and
ot hers.

Met hod

Understand current farmng systenms and define the changes
resulting frominplenentati on of the abatenent
measur es.

For each neasure identify those areas where costs will be
associated with the changes.

Identify any areas where financial benefits may accrue
fromthe changes.

3. Obj ective Separate those neasures requiring capital expenditure from
t hose involving only annual costs.

4, bj ective Identify the capital expenditure required to inplenent
each measure identified at step 3.

Met hod

Separate those measures that can be inplenented by retro-
fitting fromthose for which total replacenent of
facilities is necessary.

btain the capital cost on a per unit basis of for each
item National costs should be used wherever avail abl e.
Where these are unavail able, international costs should
be obt ai ned.

5. Obj ective Calculate the additional annual unit cost of each neasure
requiring capital expenditure.

Met hod

The annual charge for this elenment is derived by
anortising the capital cost over the economc life of
the investnment. The interest rate used for the
calculation is the standard UNECE rate of 4%

Appropriate annual running costs should be added to the
charge for capital to give the additional annual cost
of the investment.

Where existing assets are replaced before conpleting their
economic |ife account should be taken of any costs
i mplications.

Di vide the net cost by the annual throughput to arrive at
t he annual cost per unit.
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Step Details

6. Obj ecti ve Cal cul ate the additional annual unit cost of neasures
that do not involve capital expenditure.

Met hod

Obtain cost per unit of inplenmenting the measure,
subtracting the costs saved as a result of the
cessation of current practice, to provide the net
cost.

Use national costs in preference to international costs.

Take account of any benefits resulting fromthe
nmeasures, for exanple fertiliser savings.

Expl anat ory Not es

The units may be per head for |livestock systens or per cubic nmetre or

per tonne for manures. In the case of |ivestock the per head figure
is based on the annual average popul ation. In nost |ivestock
systems the occupancy is |less than the theoretical capacity of the
bui I di ngs.

When consi dering changes to buildings and other fixed equi pment two
ci rcunst ances need to be evaluated. These are:

the additional costs of replacenent facilities,
the nodification of existing facilities.

The choice will depend on building condition and suitability for
nodi fication, normally directly related to age and remai ni ng
economc life. Only the additional capital cost of providing those
facilities that relate to the buildings’ abatenment capabilities
shoul d be costed. For exanple, when considering the nodification of
a building through retro-fitting, calculate the capital cost of the
nmodi fi cation and annualise this figure over its econonmic life on a
per head basis. Wen considering the cost inplications of
repl acenent facilities, it is necessary to exclude that part of the
cost which relates to features with no abatenment capability, see
al so note 3 below. Add to this figure an allowance for changes in
runni ng costs. See exanple 3.

The assessnent of the annual cost inplications of a rolling progranme
of investnents, for exanple building replacement, needs to
correspond with the assunptions on tim ng of em ssion abatement.

For replacement assets account should also be taken of the remaining
depreciation on the replaced assets | ess any allowance for any
real i sed val ue on di sposal
In the case of tenporary coverings on slurry stores the initial cost

of the cover can normally be divided by its life to arrive at an
annual cost. Changes to spreading techni ques should be based on
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the anortised capital cost of the machine, plus an allowance for
annual repair cost. Labour should be added at a rate appropriate
to the work-rate of the machine. The total annual cost is then
di vided by the throughput to arrive at a unit cost. Were
necessary, costs saved shoul d be deducted to provide the net
annual unit cost. Exanples 1 and 2 illustrate the application
of this nmethod. The assunptions on the phasing of changes needs
to correspond with the assunptions on eni ssion abatenent.

Exanples. The followi ng exanples are taken fromrecent WK

costings and are included for illustrative purposes only.
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Exanmple 1 Cal cul ation of Additional Cost Associated with and
I ncorporation Technique - No Capital Expenditure

I ncorporation of solid manure

Contractors will need to be used to incorporate solids in many
situations as enployed | abour and machinery will be fully
utilised on other tasks.

Pl oughing will be the usual nethod of incorporation .

There will be a marginal cost saving because the operation wll
not need to be carried out by farmstaff at a later tinme.

Solids spread up to the equivalent of 250 kg total N per
hectare per year specified in the UK s Codes of Good
Agricul tural Practice.

Addi tional Costs |ncurred

Uni t Addi ti onal Cost
Cost £ Saved £
Pl oughi ng Cost
Cont r act or ha 40
Aver age Farner Cost Saving
Fuel ha 3
Repairs ha 3
Net costs ha 34
Pi g Manures
Uni t Nunber Cost £
Application Rate
Pi g manure kg Nt 7
t/ ha 36
Cost
Tot al ha 34
tonne 0.95

Example 2 Calcul ati on of Additional Costs Associated with Capita
Expendi ture for a Machine

High efficiency application nethods (injection)

Slurries will be injected where conditions permt.

The extra costs are based on the purchase of an injector
attachnment for fitting to either the tanker or the tractor
The cost of such equi pment varies from £3,500 for arable |and
to £8,000 for pasture use.

Addi tional tractor power of about 35 kWis needed.

Work rates of about 14 n? may be achieved conpared to 17 n? (2%
| oads per hour of 7 n¥) per hour using a tanker and spl ash
plate system This is based on a 6 m nute discharge for a
spl ash pl ate operation being extended to 12 mi nutes when
i nj ecting.

Capital cost anortised over 5 years at 4%
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Addi tional Costs Incurred
Uni t Nunber Cost £
Tractor
Addi ti onal power requirement kw 35
Cost of additional power £/ hour
Addi ti onal cost of tractor nt .30
Labour
Cost per hour £/ hour .10
Addi ti onal cost n® .10
Attachnent
Cost (average) 6000
Life years 5
Thr oughput n¥/ year 2000
Annual Cost
Annual cost of investnent ne . 68
Repairs at 5% n¥ .15
Annual Cost ne .23

Exanpl e 3 Cal cul ati on of Additiona

Changes

Costs Associated with Buil ding

Air ducts in deep pit poultry housing

A sinmpl e polythene air duct

manur e.

This systemis an ADAS devel opnent
Applicable to cage systens wi thout scraped trays.

are estimated to apply to 20% of the laying flock
Such systens have additiona
The capital costs of the systemare anortised over

4%

Stilt type poultry housing

runni ng costs.

isinstalled in the pit

pr oposal

under the

Such systens

10 years at

Stilt type houses may be build in preference to deep pit units.

There are no additional running costs.
The capital costs of new buil dings are anortised over

at 4%

20 years
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Addi tional Costs of Mdifying an Existing Deep Pit Ventilation System
Uni t Nunber Cost £
Base Details
Addi tional capital cost bird 0. 20
pl ace
Runni ng costs for a year bird 0.10
pl ace
Annual Costs
Annual cost of investnent bird 0.02
pl ace
Runni ng costs bird 0.10
pl ace
Tot al bird 0.12
pl ace

Addi tional Costs of Stilt House Installations (conpared with deep pit
syst ens)

Uni t Nunber Cost £
Base Details
Addi tional capital cost bird 2.00
pl ace
Runni ng costs for a year bird ni
pl ace
Annual Costs
Annual cost of investnent bird 0.15
pl ace
Runni ng costs bird nil
pl ace
Tot al bird 0.15
pl ace




