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1 Introduction

The main purpose of this document is to present a current methodology and data used for calculating costs of controlling ammonia emissions in the GAINS model. The principle elements of the method are compatible with other modules of the model as described in, e.g., Klimont et al. (2002). In the introduction, the guiding principles of the GAINS model are presented.

The Greenhouse gas – Air pollution INteractions and Synergies (GAINS) model is a tool to estimate the environmental effects of air pollution under consideration of greenhouse gas emissions. It allows assessing, at the level of sectors and individual countries, options to reduce emissions and the costs of their implementation with regard to their effect in terms of reducing ecosystem and human health impacts.

GAINS operates under a multi-gas regime. Emissions of trace gases included cover both greenhouse gases (CO2, CH4, N2O, F-gases) and air pollutants (SO2, NOx, NMVOC, NH3 and several particulate matter species). Interventions in the emissions of one component, implemented as a technology change which affects the emission factors associated with a certain activity, may then also cause intended or unintended side effects on the emissions of one or more other components. We distinguish unabated emission factors (representative of the ‘reference’ technology in a given sector; typically a very low emission benchmark) and abated emission factors (assume impact of installed emission control measure). The reduction efficiency is the ratio between these factors. It may happen that, due to the side effects mentioned, abated emission factors are higher than the unabated one, when the technology introduced reduces the emissions of one (the target) compound but leads to increases of the other. The introduction of such a different technology is always associated with certain costs.

Dispersion and transformation of trace constituents in the atmosphere is implemented via source-receptor matrices, which are themselves the results of repeated long-term runs of atmospheric chemistry-transport models. Likewise, environmental impacts are quantified as a result of parameterized ecosystems or human health response. Using external information on energy and other activities, it estimates emissions and effects for every five years over the period 1990 to 2030. While many applications focus on Europe (on a country resolution), coverage is global with variable spatial resolutions (for some large countries as India, China or Russia sub-national distribution is available, while others are lumped into groups like Northern Africa or Central America). As GAINS is composed from integrating these individual elements we refer to it as an integrated assessment model.

GAINS has been used in a number of policy related exercises and described in detail in connection with these endeavours. Specifically, its use in the CAFE programme, the NEC process (Amann et al., 2007) and for the EU climate policy (Höglund-Isaksson et al., 2009) provided documentation also useful for a general model description. Further documentation as well as the model itself can be accessed at http://gains.iiasa.ac.at. 
2 Agricultural module of the GAINS model
2.1 Basic characteristics and ammonia emission calculation
The GAINS model allows for some flexibility in treating different elements of the model. As we deal here with the agricultural ammonia emissions only, it seems useful to specify the model components exactly related to these emissions. GAINS also includes extensive characteristics of other sectors (energy, industry, transport) which we will cover in this report to the extent these activities influence emission and costs in agriculture.

Agricultural ammonia emissions, constituting typically ~90% of all national ammonia emissions, derive from animal husbandry and application of mineral nitrogen fertilizers. Animal manure contains nitrogen mostly in the form of urea (for birds, uric acid) which will hydrolyze to ammonia under microbial influence. Ammonia formation – precondition for the use of manure as fertilizer – may give rise also to ammonia emissions into the atmosphere. 


The GAINS ammonia module has been developed based on the work by Klaassen (1991a, 1991b). Updated documentation, extending on the agricultural interactions, have been published by Brink et al. (2001a, 2001b) and by Klimont and Brink (2004). These reports and papers describe the detailed structure used and the underlying data sources. For activity data, GAINS contains a number of scenarios where various sources have been used, including national projections as well as work of the international organizations like FAO, EFMA, IFA, and OECD. The historical data relies on statistical information validated by national experts during several consultation processes linked to the preparations of CLRTAP Protocols, EU Directives (NEC), and CAFE program. 


In line with international activities to describe ammonia emissions from animal husbandry, we differentiate four stages of manure treatment where ammonia emissions may take place. In a mass-conservative approach, any measure that keeps ammonia from evaporating will keep it available for the next stage, such that an emission reduction in one stage may lead to an increase in the following stage. These stages are “housing”, “storage”, “application”, and “grazing” (obviously, grazing is an own pathway somewhat independent of the three other stages). Emission factors as well as abatement technologies are available for each of the stages. This approach has been extended to treat even more stages consistently and for all compounds of interest in agriculture (Asman et al., 2010 and Tier 2 approach in Klimont and Brink, 2004), but this extension has not been implemented yet.

The current approach to assess emissions thus can be described as presented by Klimont and Brink (2004):



[image: image1.wmf](

)

[

]

å

å

å

=

-

=

k

s

l

k

j

i

s

k

j

i

s

l

j

i

j

l

j

l

i

X

ef

L

EL

4

1

,

,

,

,

,

,

,

,

,

,

,

1

h


(1)
where:

ELi,l 
ammonia emissions from livestock farming in country (i) and year (l) [kt NH3/year],

i,j,k,l 
country, livestock category, abatement technique, year;

s 
emission stage (four stages)

L 
animal population [thousand heads];

ef 
emission factor [kg NH3 / animal per year];

(
reduction efficiency of abatement technique;

X
 implementation rate of the abatement technique

In the above equation, the emission factors of the respective stages are influenced by the abatement efficiency of the respective previous stages. This influence can be expressed as:


ef1 = Nx1 v1

(2a)

ef2 = Nx1 (1 – v1) v2
(2b) 


ef3 = Nx1 (1 – v1 – (1 – v1) v2) v3
(2c) 


ef4 = Nx4 v4

(2d) 

where:

ef1,2,3,4 
NH3-nitrogen loss at distinguished emission stages, i.e., housing (1), storage (2),


application (3), and grazing (4),

Nx1,4 
N excretion during housing (1) and grazing (4),

v1,2,3,4
N volatilization rates at distinguished emission stages

Key country- and activity type-specific parameters for assessing emissions may be retrieved from the on-line version of the GAINS model (http://gains.iiasa.ac.at). They include volatilization rates, excretion rates, days spent in housing, reduction efficiency and application level of control measure, and finally animal population. The currently implemented data in GAINS have been obtained during consultation meetings with national expert teams or, if such meetings did not take place, derived from the international guidebooks and statistical yearbooks.  They are subject to update that is typically stimulated by ongoing project activities and/or availability of new data.
2.2 Livestock categories and emission control options in GAINS
In order to reflect the significant differences in national practices of animal husbandry, GAINS not only differentiates livestock into major categories, but also distinguishes between animals kept on liquid (slurry) and solid manure systems (often referred to as farmyard manure or FYM). Currently the following livestock categories are distinguished:

· Dairy cows on liquid manure systems

· Dairy cows on solid manure systems

· Other cattle on liquid manure systems

· Other cattle on solid manure systems

· Pigs on liquid manure systems

· Pigs on solid manure systems

· Sheep and goats

· Horses

· Laying hens

· Other poultry

· Fur animals


These distinctions allow to cover a variety of specific aspects. Differentiation of nitrogen excretion during grazing and housing, for example, is based on estimates of the time per year (in days) animals stay outdoors. For dairy cows, in addition, allowance is made for time spent indoors for milking during periods they mostly spend outdoors, which will also lead to manure accumulating in animal housing. While, in general, we consider N excretion to be constant over time, for dairy cows a dependency from milk yields has been introduced. As milk yields are expected to rise over the years, in line with an estimated decrease in herd size, the nitrogen excretion of an individual animal will also rise (see Klimont and Brink, 2004, even though the actual coefficients provided in that paper have changed owing to accumulation of new data since that report was published).

The differentiation between liquid manure and solid manure (manure collected on layers of straw or other bedding material) allows to distinguish between processes that are chemically and biologically quite different, and thus associated to very different emission factors. Storage of manure in liquid form will foster anaerobic reactions to take place (excluding oxygen and oxidation), while preference on aerobic conditions will occur with the handling of solid manure. 


Also the options available for abating ammonia are being applied differently by animal category. We distinguish the following options GAINS currently has implemented the following options (“abatement techniques”), some of which may not be available or not practical for specific categories (see Table 1.1 for a listing of feasible combinations). A detailed description of these options has been presented by Klimont and Brink (2004). Individual abatement technologies address specific stages of the process chain, but will also influence the emission factors of subsequent stages as discussed in section 2.1 above:

Low nitrogen feed describes a method of dietary changes, where a lower protein (nitrogen) content of animal feed leads to reduced nitrogen excretion. This will affect stages 1 and 4, and all stages subsequently.

Low emission housing covers a number of options that prevent ammonia emissions from animal housing, basically reducing the surface area and exposure time of manure in the stables. This includes flushing systems or other means of immediate transport of manure into storage. It targets at stage 1 (and subsequent stages).

Air purification includes options which treat the air ventilated from animal housing. As an add-on technology they change the emission factor of stage 1 (housing). As discussed in the background document to the Annex IX of the Gothenburg Protocol, the treatment of exhaust air by acid scrubbers or biotrickling filters has proven to be practical and effective for large scale operations in the Netherlands, Germany and Denmark. While the acid scrubbers are becoming more popular, the GAINS database at this stage relies on characteristics for biofilters in this category. Consequently, it needs to be updated to consider the recent developments. 

Covered storage means a reduction of exposure of stored manure to air. We distinguish between low efficiency systems (e.g. floating foils or polysterene) and high efficiency systems that would allow more efficient separation from the atmosphere (using concrete, corrugated iron or polyester caps). These measures reduce the emission factor of storage (stage 2), but due to increased availability of nitrogen will lead to an increase in emissions in application (stage 3).

Low ammonia application refers to distributing manure to agricultural fields in a way to minimize surface exposure, by placing it inside the soil instead of spreading it over the urface (broadcasting). Low efficiency methods include slit injection, trailing shoe, slurry dilution, and band spreading for liquid slurry and incorporation of solid manure by ploughing into the soil the day after application. As high efficiency methods we understand immediate incorporation by ploughing (within four hours after application), deep and shallow injection of liquid manure and immediate incorporation by ploughing (within 12 hours after application) of solid manure. Only emission factors in manure application are affected.

Urea substitution is an abatement option for the application of mineral fertilizers only. It suggests to replace urea (and ammonium carbonate) as fertilizers by other chemical forms of fertilizers that are less easily releasing ammonia.

Combinations of the above options need to be explicitly worked out, both in terms of emission factors and costs, for a given country as there are too many degrees of freedom for the model to provide an optimized solution. The combinations used rather attempt to mimic a realistic combination of options applied at different stages. 
Table 1.1. Availability of emission control options, as currently implemented in GAINS
	OPTIONS

PER PROCESS
	FEED
	HOUSING
	STORAGE
	APPLICATION
	TOTAL

NUMBER OF

OPTIONS

	Animal category
	Low N-feed
	Low emission housing
	Air purifica-tion
	Covered

storage
	Low ammonia
application
	(including combinations)

	
	(LNF)
	(SA)
	(BF)
	(CS)
	(LNA)
	

	dairy cows
	x
	x
	
	x
	x
	11

	other cattle
	
	
	
	x
	x
	3

	pigs
	x
	x
	x
	
	x
	11

	laying hens
	x
	x
	x
	
	x
	11

	other poultry
	x
	x
	x
	
	x
	11

	sheep 
	
	
	
	
	
	

	horses
	
	
	
	
	
	

	
	
	
	
	
	
	47


3 Ammonia emissions control costs in GAINS

3.1 General concept
The basic intention of a cost evaluation in the GAINS model is to identify the value to society of the resources diverted in order to reduce emissions of a specific compound. In practice, these values are approximated by estimating costs at the production level rather than prices to the consumers. Therefore, any mark-ups charged over production costs by, e.g., food industry or the retail markets do not represent actual resource use and are ignored. Certainly, there will be transfers of money with impacts on the distribution of income or on the competitiveness of the market, but these should be removed from a consideration of the efficiency of a resource. Any taxes added to production costs are similarly ignored as transfers. 


As in the cost modules for other pollutants, a central assumption in the GAINS ammonia module is the existence of a free market for abatement equipment across Europe that is accessible to all countries at the same conditions. Thus, the capital investments for a certain technology can be specified as being independent of the country. Likewise, certain elements of operating costs will principally be identical for all countries, here subsumed as either ‘fixed operating costs’ or some control measure specific characteristic included in ‘variable operating costs’. Simultaneously, the calculation method takes into account several country-specific parameters that characterize the situation in a given country or region in order to assess the ‘variable operating costs’, for instance, labor, energy, water, disposal costs, etc. 

Thus, the expenditures on emission controls are differentiated into three categories, although for some technologies not all categories are relevant: 

· investments, 

· fixed operating costs (costs of maintenance, insurance, administrative overhead), and 

· variable operating costs (e.g., energy, water, labor costs, feed and fertilizer price,  costs of waste disposal, etc.). 


Considering the above, costs per unit of activity, i.e., animal heads, tons of fertilizer use, are calculated. Furthermore, taking into account the abatement efficiency of the specific measure, unit costs per unit of removed pollutant (NH3) can be estimated. 

The following sections introduce the cost calculation principles used in GAINS and explain the construction of the cost curves that can be further used in the optimization module of the GAINS model. To illustrate the methodology, examples of cost calculations are given. Values of all parameters used to calculate country-specific costs and the national cost curves are provided in the Annex of this report, and they are also available from the on-line implementation of the GAINS model (http://gains.iiasa.ac.at). 
3.2 Investment cost
Investments cover the expenditure accumulated until the start-up of an abatement technology. These costs include, e.g., delivery of the installation, construction, civil works, ducting, engineering and consulting, license fees, land requirement (purchase) and capital. The GAINS model uses investment functions where these cost components are aggregated into one term. 

The investment costs for individual control measures are defined as a function of the average farm size ss expressed as an average herd size by livestock category. The form of the function is described by its fixed and variable coefficients, cif and civ. 
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where
cif, civ 
investment function coefficients (Annex: Table A1)
ss
average farm size (Annex: Table A2)
i,k,l
livestock category, abatement technique, country


A different function has been developed to estimate investment costs for storage options; The size of manure store will also depend on the national specific parameters determining the livestock and country specific average size of the store, which in GAINS is calculated considering typical storage time, annual manure production, and the number of production cycles. 
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where
st 
storage time (Annex: Table A4)
mp 
manure ‘production’ per year (Annex: Table A3)
ar 
production cycles per year (Annex: Table A5)

The investment costs are annualized over the technical lifetime of the installation lt by using the interest rate q (as %/100); GAINS allows for using different interest rates although for all the calculations performed within the Gothenburg Protocol, NEC, and CAFE related work an agreed social interest rate of 4% was used:
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where
i,k,l
livestock category, abatement technique, country

lt
lifetime of abatement technique (Annex: Table A1)
q
interest rate (e.g., 0.04 = 4%) 


All parameters used to derive investment costs are listed in the Annex to this report, Table A1 – A5.

Fig. 1.1 presents a typical example of investment functions. Average farm size (expressed as number of animals per farm) in a specific country is a strong determinant to costs. The example of pig manure (Fig. 1.1) applies the equations presented above to calculate costs vs. farm size, for two different values of storage time (all other parameters constant). The influence of storage time on the size of storage tank needed, and consequently the investment costs can be visualized this way.
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	Fig. 1.1. GAINS Investment functions for storage of pig manure


A comparison of the results derived from the GAINS equations with collected costs data for the UK (Ryan, 2004) shows, on the one hand, the large scatter of available cost data, but also indicates that the results derived from GAINS are fully compatible with that range (Fig. 1.2).
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	Fig. 1.2. Comparison of costs for storage covers for UK


3.3 Operating costs

The annual fixed expenditures OMfix cover the costs of repairs, maintenance and administrative overhead. These cost items are not related to the actual use of the installation. As a rough estimate for annual fixed expenditures, a standard percentage fk of the total investments is used:
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where
i,k,l
livestock category, abatement technique, country

fk 
percentage of investment costs (Annex: Table A7)

In turn, the variable operating costs OMvar are related to the actual operation of an installation and take into account additional costs incurred beyond the “no control” baseline situation due to extra commodities needed like:

· additional labor demand,

· increased energy demand for operating the device (e.g., for the fans and pumps), either as gas or electricity, 

· animal feed,

· water, or
· waste disposal.


The variable operating costs are calculated from the quantity Q needed (demand) of certain extra commodities p for a given control technology k, and from its (country-specific) price c.
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where
p
parameter type (additional energy, labour, waste disposal, etc.) 

i,k,l
livestock category, abatement technique, country

Q
quantity of p (Annex: Table A6)
c
unit price of a given p (Annex: Table A8)
While the equations above are used in GAINS generally, a somewhat adapted version is needed to derive the costs of low ammonia application options. In this adaptation, costs (per cubic meter of manure) are derived from constant parameters as a function of the manure application rate Qmh. Cost parameters are specific for grassland and arable land, requiring separate treatment:


[image: image9.wmf]Q

 

 

ci

 

 

ci

 

=

 

C

mh

l

k

k

vg

k

fg

mg

l

k

,

'

'

'

,

'

×

-


(8a) 

[image: image10.wmf]Q

 

 

ci

 

 

ci

 

=

 

C

mh

l

k

k

va

k

fa

ma

l

k

,

'

'

'

,

'

×

-


(8b)
where

k’, l

abatement technique (low or high efficiency; applied to grassland or arable land), country
Cmg, Cma 
Cost of option k’ per m3; grassland, arable land
cifg, civg 
cost coefficients for a specific option k’ used on grassland (Annex: Table A9) 

cifa, civa 
cost coefficients for a specific option k’ used on arable land (Annex: Table A9) 

Qmh 

manure application rate per hectare for option k’ (Annex: Table A8)
[Cost saving equation….needs to be added] 

The total annual costs of the low ammonia application measures are calculated using the country-specific share of manure applied on grassland Smg. At the same time we convert the costs to costs expressed per activity units (per animal) using country-specific manure production rates mp:
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where

i,k,l  

livestock category, abatement technique (low or high efficiency), country

Smg, Sma 
share of manure applied to grassland (the rest of manure is considered to be applied on agricultural land) (Annex: Table A10)
mp 

manure ‘production’ per year (Annex: Table A3)

All the individual parameters needed for performing all calculations are presented in the Annex, Tables A6 – A10

An example for the results of calculating operating costs is presented in Fig. 1.3. Again the size matters – in this case it is the application rate of manure that influences the costs of the abtement option. Also for this case it was possible to obtain matching cost data from a UK assessment (Ryan, 2004). These cost data, while having a considerable spread themselves, are all in a similar magnitude as those derived from GAINS and thus at least do not contradict GAINS assumptions.  
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	Fig. 1.3. Comparison of costs for slurry injection and incorporation of slurry and manures


3.4 Calculation of unit costs
Based on the above-mentioned cost items, the unit costs for the removal of ammonia emissions can be calculated. Unit costs refer to costs per activity unit, which commonly is the unit in which activities easily are available in statistical databases. Although, the GAINS model uses animal numbers as activity data, the unit costs are calculated per animal place.

The unit costs ca are derived by adding the annualized investment costs, the fixed operation costs and the variable operation costs times the intensity of their application (number of production cycles). A conversion from number of live animals to animal places is provided by the capacity utilization factor sb:
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where
i,k,l  
livestock category, abatement technique, country

ca 
unit costs per animal-place 

ar 
production cycles per year (Annex: Table A5)
sb 
capacity utilization factor(Annex: Table A11)

An alternate way of cost notation is to express costs per unit of abated emissions. In a multi-pollutant environment as in GAINS this notation is of limited value, but when comparing costs for abatement of a specific compound it may be very useful. 



[image: image14.wmf]l

k

i

l

i

l

k

i

l

k

i

ef

ca

cn

,

,

,

,

,

,

,

h

×

=


(11)
where

ŋk
removal efficiency of option k 

efi,l
emission factor for livestock category i and country l, assuming no abatement is in place (unabated emission factor)

Data on production cycles and capacity utilization are presented in Annex 1 (Table A5 and A11); emission factors and removal efficiencies are essential parameters of emission calculation and are available in the GAINS internet presentation (http://gains.iiasa.ac.at).

Fig 1.4 shows unit costs for two storage control measures, illustrating size dependence, which actually reflects on size of storage needed that is also related to the typical storage time, as discussed earlier. The figure shows also UK umbers (values for the farm size of about 85 animals) in relation to current GAINS estimates and although a reasonable agreement is shown, both data sets are drawing on relatively old analysis and need to be updated.
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	Fig. 1.4. Total annual  costs per animal-place for storage of cattle manure


4 Marginal costs and development of cost curves
Unit costs, as calculated in the previous section, do not necessarily provide information about the cost efficiency of measures. Information about cost effectiveness is essential when discussing the future strategies, specifically considering their reduction potential and associated costs. Very often a concept of marginal cost curve is applied to serve such purpose. Here we explain how marginal costs and a cost curve are calculated in GAINS.


Costs as presented in previous section refer to a change in abatement relative to the base case, the no-control option that should be representative of the reference technology in a given country. Marginal costs relate the extra costs for an additional measure to the extra abatement of that measure (compared to the abatement of the less effective option). GAINS uses the concept of marginal costs for ranking the available abatement options, according to their cost effectiveness, into the so-called “national cost curves” (see example in Fig. 1.5).

If, for a given emission source (category), a number of control options are available, these options are sorted by their cost efficiency. The marginal costs mc for control option k are calculated by comparing to parameters of option k-1, which is the next less effective one:
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where
cnk 
cost efficiency for option k 

ŋk 
removal efficiency of option k 


The marginal costs express the increment in costs at an increment of emission reduction. Sorting emission reductions according to lowest marginal costs allows to minimize costs of emission abatement. In a first step, all available capacity of the cheapest option (least marginal cost) is taken; the next step applies to the second cheapest option and so forth. Multiplying, for each step, the available capacity with the emission savings per unit (removal efficiency times emission factor) yields the saved emissions, available capacity times marginal costs is the total annual costs. A cost curve (Fig. 1.5) can be constructed by stepwise subtracting the respective emission savings from the total emissions before abatement, and by adding the costs of each of the options taken. 
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	Fig. 1.5. Ammonia cost curve: example for UK, 2020



A cost curve indicates the potential for further abatement and allows for estimation of associated costs as well as indicates which options are necessary for a required reduction. An example of cost curve is presented in Fig. 1.5. Its starting point is reflected by the highest emissions on the left hand side, i.e., before any of the further measures are taken into account. Typically, as also shown in Fig. 1.5, cost curves start out with the most cost effective measures. Often considerable emission reductions are achieved at relatively low costs. This trend changes, the further emissions already have been reduced. In the end, the most expensive measures (in terms of marginal costs) cause considerable increase of overall costs at fairly little reductions.

It is important to consider the constraints associated with application of control measures. They might be of different nature, including soil conditions (stoniness, slope), farm practices and size, local regulation, technical constraints, etc. Such constraints are referred often as applicability parameter and are country or region specific (might also change with time) and are included in the GAINS model (add a table in the Annex with current assumptions). Their realistic assessment is essential to provide a valid information about the total reduction potential as they will determine how much ‘to the left’ the cost curve extend, i.e. to which extent emissions can be abated. 

5 Further comments

GAINS provides a framework for assessing costs of emission abatement. It has been applied successfully also to agricultural emissions, including ammonia. In order to most closely match a realistic situation, the underlying data need to reflect, at any point of time, the available current (and possibly also the future) situation of emission abatement. New techniques are being developed and applied. Ideally, continuous updates on available abatement techniques, both reduction potential and costs, is needed.

Such an ideal situation, however, is difficult to maintain. Information implemented in the GAINS ammonia module, to a large extent, still derives from the 1990’s. Successful development on cost-effective abatement measures has not been considered. Mostly, this is due to lack of data. Efforts on collecting information, e.g. using data templates, have been started, but often not provided sufficient feedback.

Only availability and inclusion of up-to-date information can resolve the situation. Often enough GAINS has been used as a resource for data (including cost data) in the past. With respect to ammonia, national information as well as expert information is now needed to update the database, such that GAINS can again resume this role as an information distributor. This detailed description of cost assessment in GAINS may help to bring available cost information into a proper input form to be used for improvements. 
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ANNEX
Table A0: Livestock categories and codes (GAINS codes as used in further tables of this Annex)
	Livestock 
	Comments 
	GAINS code 

	Dairy cows 
	Excluding suckling cows; distinguishing between liquid and solid manure systems
	DL, DS

	Other cattle 
	All other cattle incl. bulls, beef cattle, suckling cows, youngstock; distinguishing between liquid and solid manure systems 
	OL, OS

	Pigs 
	Including fattening pigs and sows; distinguishing between liquid and solid manure systems
	PL, PS

	Laying hens 
	
	LH

	Other poultry 
	All poultry except laying hens, including broilers, turkeys, ducks, geese, etc
	OP

	Sheep and goats 
	
	SH

	Fur animals 
	In some countries this category might be used for other animals, e.g., rabbits
	FU

	Horses 
	Including mules and asses 
	HO


Table A1: Ammonia abatement technology-specific parameters used in the GAINS model
	
	Livestock
	Investment function coefficients
	Equipment lifetime

	Abatement technique
	category
	cif
	civ
	lt

	Low nitrogen feed
	DL
	0.00000
	0.000
	10

	Low nitrogen feed
	DS
	0.00000
	0.000
	10

	Low nitrogen feed
	PL
	2.50000
	0.000
	10

	Low nitrogen feed
	PS
	2.50000
	0.000
	10

	Low nitrogen feed
	LH
	0.00000
	0.000
	10

	Low nitrogen feed
	OP
	0.00000
	0.000
	10

	Low emission housing
	DL
	418.80000
	2398.800
	10

	Low emission housing
	OL
	418.80000
	2398.800
	10

	Low emission housing
	PL
	106.20000
	105.600
	10

	Low emission housing
	LH
	0.98400
	0.000
	10

	Low emission housing
	OP
	2.13000
	0.000
	10

	Covered storage of manure - high efficiency
	DL
	1.07700
	2551.680
	15

	Covered storage of manure - low efficiency
	DL
	0.16060
	1317.240
	10

	Covered storage of manure - high efficiency
	OL
	0.96933
	2296.512
	15

	Covered storage of manure - low efficiency
	OL
	0.14456
	1185.516
	10

	Covered storage of manure - high efficiency
	PL
	2.15407
	5103.360
	15

	Covered storage of manure - low efficiency
	PL
	0.32115
	2634.480
	10

	Covered storage of manure - high efficiency
	LH
	0.43500
	0.000
	15

	Covered storage of manure - low efficiency
	LH
	0.21780
	0.000
	10

	Covered storage of manure - high efficiency
	OP
	0.21780
	0.000
	15

	Covered storage of manure - low efficiency
	OP
	0.10890
	0.000
	10

	Covered storage of manure - high efficiency
	SH
	6.96000
	0.000
	15

	Covered storage of manure - low efficiency
	SH
	3.48000
	0.000
	10

	Air purification
	PL
	60.00000
	3000.000
	10

	Air purification
	PS
	60.00000
	3000.000
	10

	Air purification
	LH
	5.64000
	0.000
	10

	Air purification
	OP
	3.00000
	0.000
	10


Table A2: Country-specific parameters: farm size (number of animal per farm by livestock category)
	
	Country 
	ISSDL
	ISSDS
	ISSOL
	ISSOS
	ISSPL
	ISSPS
	ISSLH
	ISSOP
	ISSSH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	11
	11
	30
	30
	214
	214
	15520
	15520
	53

	AUST
	Austria
	17
	17
	32
	32
	82
	82
	12500
	22500
	53

	BELA
	Belarus
	39
	39
	39
	39
	178
	178
	15520
	15520
	53

	BELG
	Belgium
	38
	38
	113
	113
	257
	257
	28000
	36500
	53

	BOHE
	Bosnia-Herc.
	11
	11
	15
	15
	51
	51
	15520
	15520
	53

	BULG
	Bulgaria
	31
	31
	31
	31
	154
	154
	15520
	15520
	53

	CROA
	Croatia
	11
	11
	15
	15
	51
	51
	15520
	15520
	53

	CYPR
	Cyprus
	11
	11
	15
	15
	51
	51
	15520
	15520
	53

	CZRE
	Czech Rep
	400
	48
	400
	48
	970
	50
	15520
	15520
	53

	DENM
	Denmark
	62
	62
	72
	72
	518
	518
	27000
	65500
	53

	ESTO
	Estonia
	39
	39
	80
	80
	281
	281
	26000
	15520
	53

	FINL
	Finland
	11
	11
	18
	18
	160
	160
	12000
	36000
	25

	FRAN
	France
	65
	65
	102
	102
	291
	291
	28000
	35000
	53

	GERM
	Germany
	112
	26
	231
	55
	967
	116
	30000
	56000
	53

	GREE
	Greece
	20
	20
	42
	42
	288
	288
	13000
	40500
	53

	HUNG
	Hungary
	260
	260
	210
	210
	1394
	60
	41210
	96450
	184

	IREL
	Ireland
	57
	57
	80
	80
	563
	563
	22000
	47000
	53

	ITAL
	Italy
	57
	57
	200
	100
	860
	50
	29000
	54000
	53

	LATV
	Latvia
	39
	39
	80
	80
	281
	281
	26000
	15520
	53

	LITH
	Lithuania
	39
	39
	80
	80
	281
	281
	26000
	15520
	53

	LUXE
	Luxembourg
	61
	61
	100
	100
	204
	204
	10000
	15520
	53

	MALT
	Malta
	30
	30
	50
	50
	253
	253
	15520
	15520
	53

	MACE
	Macedonia
	11
	11
	15
	15
	51
	51
	15520
	15520
	53

	MOLD
	Moldova
	39
	39
	50
	50
	178
	178
	15520
	15520
	53

	NETH
	Netherlands
	120
	39
	251
	70
	550
	550
	29000
	50000
	53

	NORW
	Norway
	11
	11
	24
	24
	89
	89
	14000
	30500
	53

	POLA
	Poland
	11
	11
	15
	15
	150
	53
	15520
	15520
	53

	PORT
	Portugal
	35
	35
	66
	66
	260
	260
	28000
	40500
	53

	ROMA
	Romania
	34
	34
	50
	50
	154
	154
	15520
	15520
	53

	RUSS
	Russia (Eur.)
	39
	39
	100
	100
	300
	80
	15520
	15520
	53

	SKRE
	Slovakia
	48
	48
	80
	80
	970
	50
	15520
	15520
	53

	SLOV
	Slovenia
	11
	11
	15
	15
	231
	51
	13500
	31500
	53

	SPAI
	Spain
	36
	36
	80
	80
	488
	80
	30000
	38000
	53

	SWED
	Sweden
	50
	20
	50
	50
	550
	100
	18300
	29600
	15

	SWIT
	Switzerland
	12
	12
	27
	27
	67
	67
	15520
	15520
	17

	UKRA
	Ukraine
	39
	39
	80
	80
	80
	80
	15520
	15520
	53

	UNKI
	United Kingd.
	135
	85
	200
	85
	450
	450
	29000
	51000
	180

	SEMO
	Serbia Mont.
	11
	11
	15
	15
	51
	51
	15520
	15520
	53


Table A3: Country-specific parameters: Manure production per animal per year (m3 animal-1​​ year-1)
	
	Country
	PMDL
	PMDS
	PMOL
	PMOS
	PMPL
	PMPS
	PMLH
	PMOP
	PMSH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	AUST
	Austria
	22.000
	16.000
	9.580
	7.200
	0.90
	0.90
	0.061
	0.0049
	1.200

	BELA
	Belarus
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	BELG
	Belgium
	22.000
	16.000
	11.280
	8.500
	0.90
	0.90
	0.061
	0.0035
	1.200

	BOHE
	Bosnia-Herc.
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	BULG
	Bulgaria
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	CROA
	Croatia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	CYPR
	Cyprus
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	CZRE
	Czech Rep
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	DENM
	Denmark
	21.000
	20.300
	10.080
	7.550
	0.95
	0.95
	0.061
	0.0038
	1.200

	ESTO
	Estonia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	FINL
	Finland
	24.000
	18.000
	15.000
	11.250
	1.14
	1.14
	0.050
	0.0025
	1.500

	FRAN
	France
	22.000
	16.000
	12.100
	9.100
	1.02
	1.02
	0.061
	0.0066
	1.200

	GERM
	Germany
	20.000
	33.000
	11.600
	20.000
	1.04
	1.33
	0.090
	0.0050
	1.200

	GREE
	Greece
	22.000
	16.000
	11.970
	9.000
	1.09
	1.09
	0.061
	0.0049
	1.200

	HUNG
	Hungary
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0050
	1.200

	IREL
	Ireland
	22.000
	16.000
	14.220
	10.700
	1.01
	1.01
	0.061
	0.0049
	1.200

	ITAL
	Italy
	26.000
	19.500
	13.600
	10.200
	1.00
	1.00
	0.061
	0.0049
	1.200

	LATV
	Latvia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	LITH
	Lithuania
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	LUXE
	Luxembourg
	22.000
	16.000
	13.310
	10.000
	1.06
	1.06
	0.061
	0.0049
	1.200

	MALT
	Malta
	22.000
	16.000
	8.340
	6.300
	1.06
	1.06
	0.061
	0.0049
	1.200

	MACE
	Macedonia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	MOLD
	Moldova
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	NETH
	Netherlands
	22.800
	17.100
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	NORW
	Norway
	18.000
	14.000
	10.570
	7.900
	0.80
	0.80
	0.061
	0.0049
	1.200

	POLA
	Poland
	14.600
	14.600
	6.000
	6.000
	0.63
	0.63
	0.048
	0.0049
	0.620

	PORT
	Portugal
	19.000
	14.300
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	ROMA
	Romania
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	RUSS
	Russia (Eur.)
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	SKRE
	Slovakia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	SLOV
	Slovenia
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0037
	1.200

	SPAI
	Spain
	22.000
	16.000
	12.620
	9.500
	1.02
	1.02
	0.061
	0.0049
	1.200

	SWED
	Sweden
	22.000
	16.000
	8.000
	6.000
	0.80
	0.80
	0.050
	0.0043
	1.200

	SWIT
	Switzerland
	20.000
	16.000
	10.460
	7.850
	0.85
	0.85
	0.061
	0.0040
	1.200

	UKRA
	Ukraine
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200

	UNKI
	United Kingd.
	20.800
	15.600
	8.200
	6.150
	1.40
	1.05
	0.043
	0.0073
	2.100

	SEMO
	Serbia Mont.
	22.000
	16.000
	8.340
	6.300
	0.97
	0.97
	0.061
	0.0049
	1.200


Table A4: Country-specific parameters: storage time by livestock category (months)

	
	Country
	STDL
	STDS
	STOL
	STOS
	STPL
	STPS
	STLH
	STOP
	STSH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	4
	4
	4
	4
	4
	4
	4
	4
	4

	AUST
	Austria
	5
	5
	5
	5
	5
	5
	5
	5
	5

	BELA
	Belarus
	4
	4
	4
	4
	4
	4
	4
	4
	4

	BELG
	Belgium
	4
	4
	4
	4
	4
	4
	4
	4
	4

	BOHE
	Bosnia-Herc.
	4
	4
	4
	4
	4
	4
	4
	4
	4

	BULG
	Bulgaria
	4
	4
	4
	4
	4
	4
	4
	4
	4

	CROA
	Croatia
	4
	4
	4
	4
	4
	4
	4
	4
	4

	CZRE
	Cyprus
	4
	4
	4
	4
	4
	4
	4
	4
	4

	CYPR
	Czech Rep
	4
	4
	4
	4
	4
	4
	4
	4
	4

	DENM
	Denmark
	8
	8
	8
	8
	9
	9
	7
	7
	7

	ESTO
	Estonia
	5
	5
	5
	5
	5
	5
	5
	5
	5

	FINL
	Finland
	12
	12
	12
	12
	12
	12
	12
	12
	12

	FRAN
	France
	4
	4
	4
	4
	4
	4
	4
	4
	4

	GERM
	Germany
	7
	7
	7
	7
	8
	8
	4
	4
	4

	GREE
	Greece
	4
	4
	4
	4
	4
	4
	4
	4
	4

	HUNG
	Hungary
	4
	4
	4
	4
	4
	4
	4
	4
	4

	IREL
	Ireland
	9
	9
	9
	9
	5
	5
	15
	15
	10

	ITAL
	Italy
	5
	4
	5
	4
	4
	3
	2
	2
	9

	LATV
	Latvia
	9
	9
	9
	9
	9
	9
	12
	12
	12

	LITH
	Lithuania
	4
	4
	4
	4
	4
	4
	4
	4
	4

	LUXE
	Luxembourg
	4
	4
	4
	4
	4
	4
	4
	4
	4

	MALT
	Malta
	4
	4
	4
	4
	4
	4
	4
	4
	4

	MACE
	Macedonia
	4
	4
	4
	4
	4
	4
	4
	4
	4

	MOLD
	Moldova
	4
	4
	4
	4
	4
	4
	4
	4
	4

	NETH
	Netherlands
	6
	4
	6
	4
	8
	8
	6
	6
	2

	NORW
	Norway
	8
	12
	8
	12
	8
	8
	8
	8
	6

	POLA
	Poland
	3
	3
	3
	3
	3
	3
	3
	3
	3

	PORT
	Portugal
	6
	6
	6
	6
	5
	5
	5
	5
	12

	ROMA
	Romania
	4
	4
	4
	4
	4
	4
	4
	4
	4

	RUSS
	Russia (Eur.)
	6
	6
	6
	6
	6
	6
	6
	6
	6

	SKRE
	Slovakia
	4
	4
	4
	4
	4
	4
	4
	4
	4

	SLOV
	Slovenia
	4
	4
	4
	4
	4
	4
	4
	4
	4

	SPAI
	Spain
	4
	4
	4
	4
	4
	4
	4
	4
	4

	SWED
	Sweden
	9
	7
	9
	7
	9
	7
	7
	7
	7

	SWIT
	Switzerland
	5
	5
	5
	5
	5
	5
	5
	5
	3

	UKRA
	Ukraine
	4
	4
	4
	4
	4
	4
	4
	4
	4

	UNKI
	United Kingd.
	4
	4
	3
	3
	6
	6
	6
	6
	6

	SEMO
	Serbia Mont.
	4
	4
	4
	4
	4
	4
	4
	4
	4


Table A5: Country-specific parameters: animal production cycles per year by livestock category)

	
	Country
	ARDL
	ARDS
	AROL
	AROS
	ARPL
	ARPS
	ARLH
	AROP
	ARSH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	AUST
	Austria
	1.00
	1.00
	0.90
	0.90
	2.50
	2.50
	0.80
	6.08
	1.00

	BELA
	Belarus
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	BELG
	Belgium
	1.00
	1.00
	0.50
	0.50
	2.50
	2.50
	1.08
	8.60
	1.00

	BOHE
	Bosnia-Herc.
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	BULG
	Bulgaria
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	CROA
	Croatia
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	CZRE
	Cyprus
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	CYPR
	Czech Rep
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	DENM
	Denmark
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.82
	8.00
	1.00

	ESTO
	Estonia
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	FINL
	Finland
	1.00
	1.00
	0.90
	0.90
	3.00
	3.00
	1.00
	6.08
	1.00

	FRAN
	France
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	GERM
	Germany
	1.00
	1.00
	0.90
	0.90
	2.40
	2.40
	1.00
	8.00
	1.00

	GREE
	Greece
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	HUNG
	Hungary
	1.00
	1.00
	0.90
	0.90
	2.20
	2.20
	0.86
	7.00
	1.00

	IREL
	Ireland
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	ITAL
	Italy
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	LATV
	Latvia
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	LITH
	Lithuania
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	LUXE
	Luxembourg
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	MALT
	Malta
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	MACE
	Macedonia
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	MOLD
	Moldova
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	NETH
	Netherlands
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	NORW
	Norway
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	POLA
	Poland
	1.00
	1.00
	0.90
	0.90
	1.60
	1.60
	0.80
	6.10
	1.00

	PORT
	Portugal
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	ROMA
	Romania
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	RUSS
	Russia (Eur.)
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	SKRE
	Slovakia
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	SLOV
	Slovenia
	1.00
	1.00
	0.55
	0.55
	1.74
	1.74
	1.00
	8.10
	1.00

	SPAI
	Spain
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	SWED
	Sweden
	1.00
	1.00
	1.50
	1.50
	3.00
	3.00
	0.83
	7.00
	1.00

	SWIT
	Switzerland
	1.00
	1.00
	0.90
	0.90
	3.20
	3.20
	0.77
	7.50
	1.00

	UKRA
	Ukraine
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00

	UNKI
	United Kingd.
	1.00
	1.00
	1.00
	1.00
	2.30
	2.30
	0.80
	6.60
	1.00

	SEMO
	Serbia Mont.
	1.00
	1.00
	0.90
	0.90
	2.00
	2.00
	0.80
	6.08
	1.00


Table A6: Additional demand (quantity Q) for commodities to operate specific abatement 

	Abatement technique
	Live-stock Cat.
	QFI
	QG
	QE
	QL
	QW
	QD

	
	
	Feed (kg/animal)
	Gas (m3/animal)
	Electricity (kWh/animal)
	Labour (hr/animal)
	Water (m3/animal)
	Waste disposed

	Low nitrogen feed
	DL
	101.0000
	0.00
	0.00
	0.010
	0.0000
	0.00000

	Low nitrogen feed
	DS
	101.0000
	0.00
	0.00
	0.010
	0.0000
	0.00000

	Low nitrogen feed
	PL
	10.8400
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low nitrogen feed
	PS
	10.8400
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low nitrogen feed
	LH
	0.4620
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low nitrogen feed
	OP
	0.0332
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low emission housing
	DL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low emission housing
	OL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low emission housing
	PL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Low emission housing
	LH
	0.0000
	0.25
	1.00
	0.000
	0.0000
	0.00000

	Low emission housing
	OP
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	DL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	DL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	OL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	OL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	PL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	PL
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	LH
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	LH
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	OP
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	OP
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - high efficiency
	SH
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Covered storage of manure - low efficiency
	SH
	0.0000
	0.00
	0.00
	0.000
	0.0000
	0.00000

	Air purification
	PL
	0.0000
	0.00
	16.00
	0.089
	0.5700
	0.10700

	Air purification
	PS
	0.0000
	0.00
	16.00
	0.089
	0.5700
	0.10700

	Air purification
	LH
	0.0000
	0.00
	10.20
	0.000
	0.0915
	0.00550

	Air purification
	OP
	0.0000
	0.00
	1.34
	0.000
	0.0121
	0.00072


Table A7: Generic parameters to calculate operating costs

	Abatement technique
	Live-stock Cat.
	fixed operation costs (%)
	additional feed costs (€/kg)

	
	
	FK
	CF

	Low nitrogen feed
	DL
	0.00
	0.27

	Low nitrogen feed
	DS
	0.00
	0.27

	Low nitrogen feed
	PL
	0.00
	0.20

	Low nitrogen feed
	PS
	0.00
	0.20

	Low nitrogen feed
	LH
	0.00
	0.23

	Low nitrogen feed
	OP
	0.00
	0.41

	Low emission housing
	DL
	0.08
	0.00

	Low emission housing
	OL
	0.08
	0.00

	Low emission housing
	PL
	0.08
	0.00

	Low emission housing
	LH
	0.00
	0.00

	Low emission housing
	OP
	0.00
	0.00

	Covered storage of manure - high efficiency
	DL
	0.05
	0.00

	Covered storage of manure - low efficiency
	DL
	0.02
	0.00

	Covered storage of manure - high efficiency
	OL
	0.05
	0.00

	Covered storage of manure - low efficiency
	OL
	0.02
	0.00

	Covered storage of manure - high efficiency
	PL
	0.05
	0.00

	Covered storage of manure - low efficiency
	PL
	0.02
	0.00

	Covered storage of manure - high efficiency
	LH
	0.05
	0.00

	Covered storage of manure - low efficiency
	LH
	0.02
	0.00

	Covered storage of manure - high efficiency
	OP
	0.05
	0.00

	Covered storage of manure - low efficiency
	OP
	0.02
	0.00

	Covered storage of manure - high efficiency
	SH
	0.05
	0.00

	Covered storage of manure - low efficiency
	SH
	0.02
	0.00

	Air purification
	PL
	0.03
	0.00

	Air purification
	PS
	0.03
	0.00

	Air purification
	LH
	0.04
	0.00

	Air purification
	OP
	0.04
	0.00


Table A8: Country-specific parameters: manure application rate and commodity costs 
	
	Country
	manure appl.rate
	electricity costs
	fertilizer costs
	gas costs
	Labour costs
	Water costs
	Disposal costs

	
	
	QMH
	CE
	CK
	CG
	CL
	CW
	CD

	ALBA
	Albania
	18.0
	0.050
	0.35
	0.26
	0.9
	0.54
	27.6

	AUST
	Austria
	13.0
	0.050
	1.22
	0.26
	13.0
	0.54
	27.6

	BELA
	Belarus
	16.0
	0.050
	0.35
	0.26
	2.6
	0.54
	27.6

	BELG
	Belgium
	39.0
	0.050
	0.64
	0.26
	14.9
	0.54
	27.6

	BOHE
	Bosnia-Herc.
	9.0
	0.050
	0.44
	0.26
	2.2
	0.54
	27.6

	BULG
	Bulgaria
	11.0
	0.050
	0.35
	0.26
	1.2
	0.54
	27.6

	CROA
	Croatia
	9.0
	0.050
	0.44
	0.26
	4.5
	0.54
	27.6

	CYPR
	Cyprus
	9.0
	0.050
	0.44
	0.26
	6.3
	0.54
	27.6

	CZRE
	Czech Rep
	13.0
	0.050
	0.53
	0.11
	3.8
	0.54
	27.6

	DENM
	Denmark
	22.0
	0.050
	0.67
	0.52
	14.1
	0.54
	27.6

	ESTO
	Estonia
	16.0
	0.050
	0.35
	0.26
	2.4
	0.54
	27.6

	FINL
	Finland
	10.0
	0.050
	0.77
	0.11
	16.7
	0.54
	27.6

	FRAN
	France
	13.0
	0.050
	0.66
	0.26
	14.4
	0.54
	27.6

	GERM
	Germany
	22.0
	0.050
	0.85
	0.26
	14.5
	0.54
	27.6

	GREE
	Greece
	8.0
	0.050
	0.36
	0.26
	7.0
	0.54
	27.6

	HUNG
	Hungary
	8.0
	0.050
	0.22
	0.13
	3.9
	0.54
	27.6

	IREL
	Ireland
	17.0
	0.050
	0.48
	0.26
	11.4
	0.54
	27.6

	ITAL
	Italy
	12.0
	0.050
	0.65
	0.26
	14.0
	0.54
	27.6

	LATV
	Latvia
	16.0
	0.050
	0.35
	0.26
	3.9
	0.54
	27.6

	LITH
	Lithuania
	16.0
	0.050
	0.35
	0.26
	2.2
	0.54
	27.6

	LUXE
	Luxembourg
	39.0
	0.050
	0.64
	0.26
	15.6
	0.54
	27.6

	MALT
	Malta
	39.0
	0.050
	0.64
	0.26
	6.3
	0.54
	27.6

	MACE
	Macedonia
	9.0
	0.050
	0.44
	0.26
	1.2
	0.54
	27.6

	MOLD
	Moldova
	16.0
	0.050
	0.35
	0.26
	1.8
	0.54
	27.6

	NETH
	Netherlands
	40.0
	0.050
	0.68
	0.26
	14.6
	0.54
	27.6

	NORW
	Norway
	24.0
	0.050
	1.20
	0.26
	14.3
	0.54
	27.6

	POLA
	Poland
	12.0
	0.050
	0.30
	0.26
	2.1
	0.54
	27.6

	PORT
	Portugal
	13.0
	0.050
	0.72
	0.26
	4.2
	0.54
	27.6

	ROMA
	Romania
	13.0
	0.050
	0.35
	0.26
	1.4
	0.54
	27.6

	RUSS
	Russia (Eur.)
	16.0
	0.050
	0.35
	0.26
	3.9
	0.54
	27.6

	SKRE
	Slovakia
	13.0
	0.050
	0.53
	0.26
	2.5
	0.54
	27.6

	SLOV
	Slovenia
	9.0
	0.050
	0.44
	0.26
	7.6
	0.54
	27.6

	SPAI
	Spain
	6.0
	0.050
	0.80
	0.26
	11.1
	0.54
	27.6

	SWED
	Sweden
	8.0
	0.050
	1.10
	0.26
	15.4
	0.54
	27.6

	SWIT
	Switzerland
	17.0
	0.050
	0.86
	0.26
	18.4
	0.54
	27.6

	UKRA
	Ukraine
	16.0
	0.050
	0.35
	0.26
	2.5
	0.54
	27.6

	UNKI
	United Kingd.
	15.0
	0.050
	0.67
	0.26
	11.0
	0.54
	27.6

	SEMO
	Serbia Mont.
	9.0
	0.050
	0.44
	0.26
	2.7
	0.54
	27.6


Table A9: Cost parameters for low ammonia application techniques
	Abatement technique
	Live-stock Cat.
	Arable land
	Grassland

	
	
	CFMA
	CVMA
	CFMG
	CVMG

	Low ammonia application techniques - high efficiency
	DL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	DL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	DS
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	DS
	3.1776
	0.0456
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	OL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	OL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	OS
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	OS
	3.1776
	0.0456
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	PL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	PL
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	PS
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	PS
	3.1776
	0.0456
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	LH
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	LH
	3.1776
	0.0456
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	OP
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	OP
	3.1776
	0.0456
	2.5706
	0.0239

	Low ammonia application techniques - high efficiency
	SH
	3.9643
	0.0564
	2.5706
	0.0239

	Low ammonia application techniques - low efficiency
	SH
	3.1776
	0.0456
	2.5706
	0.0239


Table A10: Country-specific parameters: Share of manure applied on grassland 

	
	Country
	DL
	DS
	OL
	OS
	PL
	PS
	LH
	OP
	SH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	AUST
	Austria
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	BELA
	Belarus
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	BELG
	Belgium
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	BOHE
	Bosnia-Herc.
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	BULG
	Bulgaria
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	CROA
	Croatia
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	CYPR
	Cyprus
	0.05
	0.05
	0.05
	0.05
	0.10
	0.10
	0.00
	0.00
	0.05

	CZRE
	Czech Rep
	0.05
	0.05
	0.05
	0.05
	0.10
	0.10
	0.00
	0.00
	0.05

	DENM
	Denmark
	0.57
	0.57
	0.57
	0.57
	0.14
	0.14
	0.24
	0.24
	0.25

	ESTO
	Estonia
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	FINL
	Finland
	0.10
	0.02
	0.10
	0.02
	0.05
	0.00
	0.05
	0.05
	0.02

	FRAN
	France
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	GERM
	Germany
	0.10
	0.10
	0.10
	0.10
	0.05
	0.05
	0.50
	0.50
	0.10

	GREE
	Greece
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	HUNG
	Hungary
	0.65
	0.65
	0.65
	0.65
	0.00
	0.00
	0.05
	0.05
	0.65

	IREL
	Ireland
	0.98
	0.98
	0.98
	0.98
	0.90
	0.50
	1.00
	1.00
	1.00

	ITAL
	Italy
	0.20
	0.20
	0.10
	0.10
	0.20
	0.05
	0.00
	0.00
	0.00

	LATV
	Latvia
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	LITH
	Lithuania
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	LUXE
	Luxembourg
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	MACE
	Malta
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	MALT
	Macedonia
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	MOLD
	Moldova
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	NETH
	Netherlands
	0.80
	0.80
	0.60
	0.60
	0.20
	0.00
	0.10
	0.10
	0.80

	NORW
	Norway
	0.15
	0.00
	0.15
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	POLA
	Poland
	0.40
	0.00
	0.40
	0.00
	0.40
	0.00
	0.10
	0.10
	0.10

	PORT
	Portugal
	0.10
	0.05
	0.20
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00

	ROMA
	Romania
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	RUSS
	Russia (Eur.)
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	SKRE
	Slovakia
	0.05
	0.05
	0.05
	0.05
	0.10
	0.10
	0.00
	0.00
	0.05

	SLOV
	Slovenia
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	SPAI
	Spain
	0.80
	0.80
	0.80
	0.80
	0.20
	0.20
	0.10
	0.10
	0.80

	SWED
	Sweden
	0.81
	0.25
	0.81
	0.25
	0.00
	0.00
	0.00
	0.00
	1.00

	SWIT
	Switzerland
	0.90
	0.50
	0.90
	0.50
	0.90
	0.50
	0.40
	0.40
	0.50

	UKRA
	Ukraine
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	UNKI
	United Kingd.
	0.78
	0.00
	0.78
	0.00
	0.46
	0.00
	0.47
	0.47
	1.00

	SEMO
	Serbia Mont.
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50


Table A11: Country-specific parameters to convert into common units (capacity utilization rate as share)

	
	Country
	SBDL
	SBDS
	SBOL
	SBOS
	SBPL
	SBPS
	SBLH
	SBOP
	SBSH

	
	
	Dairy cows
liquid  -  solid
	Other cattle 
liquid  -  solid
	Pigs 
liquid  -  solid
	Laying hens
	Other poultry
	sheep

	ALBA
	Albania
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	AUST
	Austria
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	BELA
	Belarus
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	BELG
	Belgium
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	BOHE
	Bosnia-Herc.
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	BULG
	Bulgaria
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	CROA
	Croatia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	CZRE
	Cyprus
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	CYPR
	Czech Rep
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	DENM
	Denmark
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	ESTO
	Estonia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	FINL
	Finland
	1.00
	0.98
	0.98
	0.90
	0.90
	1.00
	0.97
	0.80
	1.00

	FRAN
	France
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	GERM
	Germany
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	GREE
	Greece
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	HUNG
	Hungary
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	IREL
	Ireland
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	ITAL
	Italy
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	LATV
	Latvia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	LITH
	Lithuania
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	LUXE
	Luxembourg
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	MALT
	Malta
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	MACE
	Macedonia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	MOLD
	Moldova
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	NETH
	Netherlands
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	NORW
	Norway
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	POLA
	Poland
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	PORT
	Portugal
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	ROMA
	Romania
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	RUSS
	Russia (Eur.)
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SKRE
	Slovakia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SLOV
	Slovenia
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SPAI
	Spain
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SWED
	Sweden
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SWIT
	Switzerland
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	UKRA
	Ukraine
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	UNKI
	United Kingd.
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00

	SEMO
	Serbia Mont.
	1.00
	1.00
	0.98
	0.98
	0.97
	0.97
	0.97
	0.77
	1.00
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