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RE-estimation of NH3 emissions FOR the SpanISH national Inventory (may 2013)

Executive Summary
The inventory team has been aware for some time of the need to improve the estimation of emissions of ammonia (NH3) through the incorporation of the abatement techniques for these emissions in the agricultural sector, a task which has not been possible to undertake prior to the submission of this report.

In a letter dated February 28th, 2013, Spain committed to provide the Secretariat of the CLRTAP, before June 4th, with a preliminary report on the re-estimation of NH3 emissions with the incorporation of the effect of these abatement techniques in the agricultural sector. Therefore, a considerable supplementary effort has been made to collate the necessary information about their implementation and to develop the subsequent algorithm for the re-estimation of the emissions. The result of this work is contained in this report.

The process of including the data on the Inventory database for the impact of the abatement techniques on ammonia emissions into the air is a complex and time-consuming task, so it is not expected to have it completely implemented in the national inventory until its next edition, due in 2014 (series 1990-2012).
Table 1 below shows the NH3 emissions ceiling assigned to Spain for 2010 under the Gothenburg Protocol (353 kt NH3), as well as the estimates of the emissions reported in the 2012 and 2013 editions of the national inventory, together with the present preliminary estimation incorporating the impact on the emissions of abatement techniques. The table also shows a comparison of the emissions with the emissions ceiling (absolute figures and deviation percentages).
Table 1. – NH3 Emissions ceiling for 2010 and estimated emissions 2010-2011
	NH3 ceiling
	353 kt

	
	Year
	NH3 emissions (kt)
	Deviation from the ceiling (%)

	Emissions inventory 2012 edition (series 1990-2010)
	2010
	368.3
	4.3%

	Emissions inventory 2013 edition (series 1990-2011)
	2010
	388.7
	10.1%

	
	2011
	380.6
	7.8%

	Preliminary re-estimation (May 2013)
	2010
	338.0
	- 4.3%

	
	2011
	331.3
	- 6.2%


1. description AND SCOPE OF aPplication
The main source of NH3 emissions in the national inventory is, as is well known, the agriculture sector. Within this sector, emissions from the application of fertilizers to agricultural soils are very significant.

In the 2013 Edition of the Inventory, Spain was using, for the estimation of fertiliser application, a conservative approach, and no reduction factors for control technologies were taken into account to estimate the emissions. This was basically due to the fact that background information on the use of application techniques was not available. Therefore it is considered that in the 2013 Inventory Edition, the NH3 emissions from fertiliser application to agricultural soils are over-estimated.

The potential for NH3 emission reduction is acknowledged in the EMEP/EEA Guidebooks, even though is not always explicitly included in the methodology. To correct the over-estimation of the emission inventory, the abatement techniques need to be reflected.

To fulfil the commitments derived from the March 4th letter, Spain has gathered information on application techniques with the aim of incorporating the corresponding reduction control techniques in the emissions estimation.
Therefore, Spain considers that to assess the potential non compliance issue, these May 2013 revised estimates for NH3 in the Agriculture sector should be taken into account.

This estimation was performed by the Unit of Air Quality and Industrial Environment (SGCAMAI) at the Ministry of Agriculture, Food and Environment (Ministerio de Agricultura, Alimentación y Medio Ambiente, MAGRAMA), with the technical assistance of Análisis Estadístico de Datos, S.A. (AED). The group Instituto de Ciencia y Tecnología Animal of the Universidad Politécnica de Valencia (UPV), under contract to AED, has provided sectoral expertise to assess the quality of the information and to fill the information gaps when necessary with expert judgement. In addition, other units within the MAGRAMA have provided relevant background information and are appropriately referenced in the following sections.
2. Results

This section presents the results of re-estimation of the emissions after the consideration of the NH3 emission abatement techniques. The methodology and base data will be explained in the following section.

It should be pointed out that the modifications only affect the application of fertilizers to crops, so the modifications in question are restricted to the activities of ‘synthetic fertilizers’ and “organic fertilizers” application. These re-calculations do not include any of the rest of the ammonia-emitting activities in agriculture (grazing, manure management on farms and the burning of agricultural residues), as well as the other sources in the national inventory not belonging to the Agriculture sector.

Finally, it should be mentioned that the emissions re-assessed correspond to the scope of the Gothenburg Protocol (Spanish territory covered by the EMEP grid, which does include neither the Canary Islands nor the cities of Ceuta and Melilla in North Africa) and are not the national total. 

Figure 1 below presents a comparison of the NH3 emissions between the submission in February, 2013, and the present re-estimation. In addition, the following Tables 2, 3, 4 and 5 give the numerical results for the submission in February, 2013, the re-estimation and the differences between them, in both absolute and relative terms.

Figure 1. Comparison of NH3 emissions (kt NH3): estimation of the February 2013 submission versus the present re-estimation
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Table 2. NH3 emissions according to the February 2013 submission (kt NH3)
	Year
	Agriculture Sector
	Other sectors (kt)
	Total Inventory (kt)

	
	Synthetic fertilisers
	Organic fertilisers
	Pasture
	Manure management
	Field burning
	
	

	
	Synthetic (kt)
	Animal (kt)
	(kt)
	
	

	1990
	108
	63
	54
	84
	5
	19
	333

	1991
	98
	65
	54
	86
	5
	18
	326

	1992
	96
	66
	53
	88
	5
	15
	323

	1993
	73
	67
	53
	89
	5
	14
	300

	1994
	87
	69
	54
	93
	5
	18
	326

	1995
	72
	69
	58
	93
	5
	19
	315

	1996
	98
	70
	61
	93
	5
	21
	348

	1997
	94
	72
	59
	96
	6
	24
	350

	1998
	98
	76
	60
	101
	5
	26
	365

	1999
	108
	77
	61
	103
	4
	27
	380

	2000
	119
	79
	62
	107
	5
	26
	397

	2001
	110
	82
	65
	111
	5
	25
	398

	2002
	103
	83
	64
	111
	4
	27
	392

	2003
	114
	83
	67
	112
	6
	28
	410

	2004
	101
	85
	65
	114
	5
	28
	398

	2005
	83
	85
	63
	114
	3
	28
	376

	2006
	99
	86
	63
	116
	4
	27
	394

	2007
	96
	87
	65
	117
	4
	28
	398

	2008
	76
	84
	63
	113
	4
	26
	366

	2009
	90
	83
	63
	111
	5
	23
	376

	2010
	96
	83
	63
	112
	5
	30
	389

	2011
	89
	84
	60
	113
	5
	30
	381


Table 3. NH3 emissions according to the present re-estimation (kt NH3)

	Year
	Agriculture Sector
	Other sectors (kt)
	Total Inventory (kt)

	
	Synthetic fertilisers
	Organic fertilisers
	Pasture
	Manure management
	Field burning
	
	

	
	Synthetic (kt)
	Animal (kt)
	(kt)
	
	

	1990
	72
	59
	54
	84
	5
	19
	293

	1991
	67
	61
	54
	86
	5
	18
	291

	1992
	65
	62
	53
	88
	5
	15
	287

	1993
	49
	62
	53
	89
	5
	14
	272

	1994
	60
	64
	54
	93
	5
	18
	294

	1995
	50
	64
	58
	93
	5
	19
	288

	1996
	66
	64
	61
	93
	5
	21
	311

	1997
	63
	65
	59
	96
	6
	24
	312

	1998
	65
	69
	60
	101
	5
	26
	325

	1999
	70
	70
	61
	103
	4
	27
	335

	2000
	77
	72
	62
	107
	5
	26
	348

	2001
	71
	74
	65
	111
	5
	25
	350

	2002
	66
	74
	64
	111
	4
	27
	347

	2003
	74
	74
	67
	112
	6
	28
	361

	2004
	65
	76
	65
	114
	5
	28
	353

	2005
	55
	75
	63
	114
	3
	28
	339

	2006
	65
	76
	63
	116
	4
	27
	350

	2007
	64
	76
	65
	117
	4
	28
	355

	2008
	50
	72
	63
	113
	4
	26
	328

	2009
	57
	70
	63
	111
	5
	23
	329

	2010
	60
	68
	63
	112
	5
	30
	338

	2011
	56
	67
	60
	113
	5
	30
	331


Table 4. Absolute differences in NH3 emissions (kt NH3): estimation from the submission in February 2013 versus the present re-estimation
	Year
	Agriculture Sector
	Other sectors (kt)
	Total Inventory (kt)

	
	Synthetic fertilisers
	Organic fertilisers
	Pasture
	Manure management
	Field burning
	
	

	
	Synthetic (kt)
	Animal (kt)
	(kt)
	
	

	1990
	-36
	-4
	0
	0
	0
	0
	-40

	1991
	-31
	-4
	0
	0
	0
	0
	-35

	1992
	-31
	-4
	0
	0
	0
	0
	-36

	1993
	-24
	-4
	0
	0
	0
	0
	-28

	1994
	-27
	-5
	0
	0
	0
	0
	-32

	1995
	-21
	-5
	0
	0
	0
	0
	-27

	1996
	-32
	-6
	0
	0
	0
	0
	-38

	1997
	-32
	-6
	0
	0
	0
	0
	-38

	1998
	-34
	-7
	0
	0
	0
	0
	-40

	1999
	-37
	-7
	0
	0
	0
	0
	-44

	2000
	-42
	-8
	0
	0
	0
	0
	-50

	2001
	-40
	-9
	0
	0
	0
	0
	-48

	2002
	-37
	-9
	0
	0
	0
	0
	-45

	2003
	-40
	-9
	0
	0
	0
	0
	-49

	2004
	-36
	-10
	0
	0
	0
	0
	-45

	2005
	-28
	-10
	0
	0
	0
	0
	-38

	2006
	-33
	-10
	0
	0
	0
	0
	-44

	2007
	-32
	-11
	0
	0
	0
	0
	-43

	2008
	-26
	-12
	0
	0
	0
	0
	-38

	2009
	-34
	-13
	0
	0
	0
	0
	-47

	2010
	-36
	-15
	0
	0
	0
	0
	-51

	2011
	-33
	-17
	0
	0
	0
	0
	-49


Table 5. Relative differences in the NH3 emissions (%): estimation in the February 2013 versus the present re-estimation
	Year
	Agriculture Sector
	Other sectors (kt)
	Total Inventory (kt)

	
	Synthetic fertilisers
	Organic fertilisers
	Pasture
	Manure management
	Field burning
	
	

	
	Synthetic (kt)
	Animal (kt)
	(kt)
	
	

	1990
	-33
	-6
	0
	0
	0
	0
	-12

	1991
	-32
	-7
	0
	0
	0
	0
	-11

	1992
	-33
	-7
	0
	0
	0
	0
	-11

	1993
	-32
	-7
	0
	0
	0
	0
	-9

	1994
	-31
	-8
	0
	0
	0
	0
	-10

	1995
	-30
	-8
	0
	0
	0
	0
	-9

	1996
	-33
	-8
	0
	0
	0
	0
	-11

	1997
	-33
	-9
	0
	0
	0
	0
	-11

	1998
	-34
	-9
	0
	0
	0
	0
	-11

	1999
	-35
	-9
	0
	0
	0
	0
	-12

	2000
	-35
	-10
	0
	0
	0
	0
	-12

	2001
	-36
	-10
	0
	0
	0
	0
	-12

	2002
	-36
	-11
	0
	0
	0
	0
	-12

	2003
	-35
	-11
	0
	0
	0
	0
	-12

	2004
	-35
	-11
	0
	0
	0
	0
	-11

	2005
	-33
	-12
	0
	0
	0
	0
	-10

	2006
	-34
	-12
	0
	0
	0
	0
	-11

	2007
	-34
	-13
	0
	0
	0
	0
	-11

	2008
	-34
	-14
	0
	0
	0
	0
	-10

	2009
	-37
	-16
	0
	0
	0
	0
	-12

	2010
	-37
	-18
	0
	0
	0
	0
	-13

	2011
	-37
	-20
	0
	0
	0
	0
	-13


3. MetHodology AND DATA SOURCES
As mentioned above, this revision has estimated the impact on the emissions of ammonia of the techniques for applying both synthetic fertilizers and animal manure to the fields. The estimations of other activities generating ammonia emissions in agriculture (manure management on farms, depositions while grazing and burning of farm waste) and in other sectors have not been altered.

The impact of these techniques for applying fertilizers is not included in the basic methodology proposed in the EMEP/EEA Guidebook. Despite this, the Guidebook itself acknowledges that the practices of fertilizer application may have a high impact on the total emissions (e.g. please refer to section 2.3.1, page 8, chapter 4D of the EMEP/EEA 2009 Guidebook) and in fact this is mentioned in several documents of the EMEP and the Task Force on Reactive Nitrogen (TFRN).
The following sub-sections will explain the methodology used for the incorporation of the impact of fertilizer application techniques on ammonia emissions, distinguishing between synthetic fertilizers and organic fertilizers (manure). In each block of fertilizers, the abatement efficacy coefficients used will be specified together with the penetration of the application techniques.
3.1 Synthetic fertilizers
In Spain, the greatest losses due to volatilization of NH3 from synthetic fertilizers occur after application of urea, as well as, to a lesser extent, ammonium sulphate.
3.1.1 Emission abatement efficacy coefficients
The EMEP/EEA Guidebook mentions possible abatement techniques for ammonia emissions (particularly in the section on “controls”, 2.3.1, chapter 4), but does not publish their abatement percentages. However, a document entitled “Draft Guidance Document for Preventing and Abating Ammonia Emissions from Agricultural Sources” was drawn up within the TFRN with the aim of providing guidance to the Parties to the Convention in identifying ammonia (NH3) control measures for reducing emissions from agriculture, as indicated in ANNEX IX of the UNECE Gothenburg protocol.

This document reflects the percentages of NH3 emission abatement depending on the application technique. Abatements due to the different ammonia emission control techniques are given in Table 16 (page 68) of the said document. Table 6 below shows this information, as well as the central value taken for the estimations in this report for Spain whenever the document offered a range of values.
Table 6. Effectiveness of NH3 emission abatement techniques (%)
	Abatement measure
	Fertiliser type
	Emission reduction (%)
	Emission reduction used in the re‑estimation

	Urease inhibitor
	Urea
	70%
	70%

	Slow release fertilizer (polymer coatings) 
	Urea
	30%
	30%

	Closed-slot injection
	Urea and Anhydrous ammonia
	80-90%
	85%

	Incorporation
	Urea
	50-80%
	65%

	Irrigation
	All
	40-70%
	55%

	Substitution with ammonium nitrate
	Urea and anhydrous ammonia
	Up to 90%
	80%


Source: “Draft Guidance Document For Preventing And Abating Ammonia Emissions From Agricultural Sources” (TFRN) and own elaboration.
3.1.2 Penetration of use of the different techniques
Once the efficacy of the abatement techniques was quantified, it is necessary to know the degree of their penetration in Spanish agriculture. To this end, the Subdirectorate General for Production Resources at the MAGRAMA provides its input in this regard as experts in the sector. In order to obtain the penetration of the techniques, this Subdirectorate collated information through consultations with agricultural food-processing co-operatives, the Spanish Fertilizer Distribution Association (ACEFER) and the National Association of Fertilizer Manufacturers (ANFFE).
This information, contained in Tables 7 and 8 below, has been structured in such a way as to present the data received from this source, broken down for the three groups of fertilizers: i) urea, ii) ammoniacal fertilizers and iii) others.

Table 7. Penetration of urea application techniques (%)

	Crop
	Urea application (%)

	
	Urease inhibitor
	Closed-slot injection
	Incorporation
	Irrigation
	Slow release fertilizer

	Cereals
	5
	
	100
	
	

	Maize
	
	
	
	100
	

	Rice
	20
	
	
	100
	

	Legumes
	
	
	
	
	

	Tubers
	
	
	
	
	

	Industrial crops
	
	
	
	
	

	Market gardening
	
	
	
	100
	

	Forage crops
	
	
	
	
	

	Citric
	
	
	
	
	

	Non-citric
	
	
	
	100
	

	Vineyard
	
	
	
	
	

	Olive tree
	
	
	75
	25
	


Source: Subdirectorate General for Production Resources, MAGRAMA.
Table 8. Penetration ammoniacal fertilizer application techniques (%)

	Crop
	Ammoniacal fertiliser application (%)

	
	Closed-slot injection
	Incorporation
	Irrigation
	Slow release fertilizer

	Cereals
	
	
	8
	

	Legumes
	
	
	
	

	Tubers
	
	
	
	

	Industrial crops
	
	
	
	

	Market gardening
	
	
	100
	

	Forage crops
	
	
	
	

	Citric
	
	
	100
	

	Non-citric
	
	
	
	

	Vineyard
	
	50
	50
	

	Olive tree
	
	
	
	


Source: Subdirectorate General for Production Resources, MAGRAMA.

The information contained in the preceding tables is considered to be the best available at the present time. No information has been included on techniques for “Other fertilizers” yet. 
3.2 Organic fertilizers (animal manure)
The application of organic fertilizers (manure) has evolved over the years to the point where the manure tends to be buried into the soil as quickly as possible to minimize the volatilization of N in the form of NH3 emissions.
In the husbandry surveys regarding manure management published by the former Ministry of the Environment, Rural and Marine Affairs (hereinafter MARM) in 2010
 and those recently produced by the MAGRAMA in 2012 (not yet published), information has been obtained on manure application practices for bovine, swine and laying poultry.
In order to have a complete time series, the gaps in these surveys for 1990 and for animals for which surveys have not been conducted (broilers, sheep, goats and horses) have been filled using expert judgement.

3.2.1 Emission abatement efficacy coefficients
Emission abatement coefficients, dependent on the application technique, have been taken from the EMEP/EEA Guidebook (2009). However, the Guidebook does not directly provide any coefficient for manure buried within 4 hours, one of the parameters reflected in the MARM surveys, although there is an abatement coefficient for “Broadcast application and incorporation by plough – immediate”, which is considered to be for the first hour after application in the field. Thus, the abatement coefficient for “Broadcast application and incorporation by plough – less than 4 hours” has been estimated using the data on “Broadcast application and incorporation by plough – immediate” and “Broadcast application and incorporation by plough – less than 12 hours” with the support of expert judgement.

The final values for the abatement coefficients are reflected in Table 9 below.

Table 9. NH3 emission abatement by manure application technique (%)
	Abatement measure
	Solid manure
	Liquid manure

	
	Cattle and Swine
	Poultry
	All

	Broadcast application without incorporation by plough
	Reference
	Reference
	Reference

	Broadcast application and incorporation by plough
	Immediate
	90
	95
	85

	
	Up to 4 hours
	70
	85
	60

	
	Up to 12 hours
	50
	70
	30

	
	Up to 24 hours
	35
	55
	No information

	
	More than 24 hours
	No reduction proposed (same as reference technique)

	Injection
	Shallow
	
	
	70

	
	Deep
	
	
	80

	Trailing hose
	
	
	30

	Trailing shoes/bands
	
	
	60

	Discs
	
	
	70


Source: EMEP/EEA Guidelines, 2009, Chapter 4B, page 44 and own production.
For species not shown in the preceding Table (sheep, goats and horses), the same values as for solid bovine manure have been assumed.
3.2.2 Penetration of use of the different techniques
The data sources used to estimate the degree of penetration of the different manure application techniques have been the surveys conducted by the MAGRAMA on manure management systems, which provide information for 2005-2007 and 2012, whereas for 1990, in view of the absence of direct information, expert judgement has been used as discussed below. 
After determination of the information for the pivot years referenced above (1990, 2005-2007 and 2012), a procedure was applied to interpolate the penetration percentages for the application techniques in order to cover all the years in the period inventoried (1990-2011). The method applied has been a piecewise linear interpolation that links in the intermediate pivot years (2005-2007).

3.2.2.1 Information for 1990

Since there are no surveys on manure management at farms for 1990, the data about the penetration of management practices in that year have been estimated on the basis of expert judgement and using available data for other years. In this way, the allocation of penetration coefficients has been applied as shown in Table 10 below:

Table 10. Penetration percentages for each technique. 1990

	Abatement measure
	Dairy cattle
	Non-dairy cattle
	White swine
	Iberian swine1
	Laying hens
	Broilers
	Sheep, goats and equine

	
	
	
	
	
	Solid (100%)
	
	

	
	Solid (70%)
	Liquid (30%)
	Solid (98%)
	Liquid (2%)
	Liquid (100%)
	Liquid (100%)
	Dry (10%)
	Wet (90%)
	
	

	
	
	
	
	
	
	
	
	
	Solid (100%)
	Solid (100%)

	Broadcast application without incorporation by plough
	10
	100
	10
	100
	100
	100
	5
	5
	5
	10

	Broadcast application and incorporation by plough
	Up to 4 hours
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Between 4 and 12 hours
	0
	0
	0
	0
	0
	0
	5
	5
	5
	0

	
	Between 12 and 24 hours
	20
	0
	20
	0
	0
	0
	10
	10
	10
	20

	
	More than 24 hours
	70
	0
	70
	0
	0
	0
	80
	80
	80
	70

	Injection
	Shallow
	
	0
	
	0
	0
	0
	
	
	
	

	
	Deep
	
	0
	
	0
	0
	0
	
	
	
	

	Trailing hose
	
	0
	
	0
	0
	0
	
	
	
	

	Trailing shoes/bands
	
	0
	
	0
	0
	0
	
	
	
	

	Discs
	
	0
	
	0
	0
	0
	
	
	
	


Source: Expert judgement.
1 Applicable only to categories in stables.
3.2.2.2 Information for 2005 and 2007

For the years 2005 and 2007, the results have been taken from the documents on characterization of manure management systems for laying hens, bovine and intensive swine (MARM, 2010).

The results refer to farms where manure is managed by the farmer in person. In the case of dairy cattle, these percentages refer to 96% of these farms, and in fattening cattle to 51% (for solid manure) and 83% (for liquid waste). In the case of swine, the percentage is not expressly stated in the document cited, but the experts consulted have confirmed that the values obtained are consistent with the evidence available.
In the case of dairy cattle, non-dairy cattle and swine, the options in the surveys also included the response “Not known / Not answered”, so that sum of the percentages with a quantified value response did not reach 100%. In order to distribute these non-response percentages among the different application techniques, experts were consulted about the likeliest option in order to subrogate these values. As a result of all of the above, the percentage missing up to 100 has been assigned to the value corresponding to “Broadcast application and incorporation by plough – more than 24 hours”, using a conservative approach.
On the other hand, the results for laying hens refer to only 4% of the farms, so new values were put forward on the basis of expert judgement as these values were not considered representative for all the farms involved. The percentages for the rest of the species have also been estimated by means of expert judgement.
All this information for 2005 and 2007 is reflected in Table 11 below:
Table 11. Penetration percentages for each technique. 2005-2007
	Abatement measure
	Dairy cattle
	Non-dairy cattle
	White swine
	Iberian swine1
	Laying hens*
	Broilers*
	Sheep, goats and equine

	
	
	
	
	
	Solid (100%)
	
	

	
	Solid
	Liquid
	Solid
	Liquid (3.4%)
	Liquid (100%)
	Liquid (100%)
	Dry (37%)
	Wet (63%)
	
	

	
	(50.50%)
	(46.50%)
	(96.60%)
	
	
	
	
	
	Solid (100%)
	Solid (100%)

	Broadcast application without incorporation by plough
	5.3
	45.6
	15.7
	55.6
	22.2
	22.2
	5
	5
	5
	5

	Broadcast application and incorporation by plough
	Up to 4 hours
	3.05
	7.1
	1.7
	0
	4.8
	5
	0
	0
	0
	5

	
	Between 4 and 12 hours
	3.05
	9.3
	1.7
	2
	4.8
	5
	5
	5
	5
	10

	
	Between 12 and 24 hours
	41.2
	8.5
	35.8
	7.1
	4.8
	5
	10
	10
	10
	15

	
	More than 24 hours
	47.4
	24.5
	45.2
	35.3
	59.5
	59
	80
	80
	80
	65

	Injection
	Shallow
	
	3
	
	0
	0
	0
	
	
	
	

	
	Deep
	
	1
	
	0
	0
	0
	
	
	
	

	Trailing hose
	
	0
	
	0
	0
	0
	
	
	
	

	Trailing shoes/bands
	
	1
	
	0
	3.7
	3.7
	
	
	
	

	Discs
	
	0
	
	0
	0
	0
	
	
	
	


Source: MARM (2010) and expert judgement.
* Values estimated by experts from the UPV

1 Applicable only to categories in stables.
3.2.2.3 Information for 2012

In 2012, another round of surveys was performed to obtain data on manure management systems at farms. Even though, these results have not yet been published, it has been possible to make use of the results for this re-estimation.
In the same way as in the previous case, the values for broilers, sheep, goats and horses have been proposed on the basis of expert judgement as no surveys were conducted for these species. New values have also been proposed for laying poultry as the results of the surveys in this case covered only 0.07% of all farms, i.e. those were manure management was handled by the farmer in person.

In the case of non-dairy cattle, the results refer to 45.5% of farms (for solid manure) and 64% (for liquid manure); whereas the figures are 58.2% and 78%, respectively, for dairy cattle. The document on swine management, however, does not reflect any of these percentages, even though the result obtained is considered representative in the opinion of the experts consulted.
All this information for 2012 is reflected in Table 12 below:

Table 12. Penetration percentages for each technique. 2012

	Abatement measure
	Dairy cattle
	Non-dairy cattle
	White swine
	Iberian swine*1
	Laying hens*
	Broilers*
	Sheep, goats and equine*

	
	
	
	
	
	Solid and dry (100%)
	
	

	
	Solid
(19.1%)
	Liquid
(80.9%)
	Solid (87.1%)
	Liquid (12.9%)
	Solid (6.3%)
	Liquid (93.7%)
	Solid (6.3%)
	Liquid (93.7%)
	
	
	

	
	
	
	
	
	
	
	
	
	
	Solid (100%)
	Solid (100%)

	Broadcast application without incorporation by plough
	5
	30.4
	2.8
	78.3
	16.3
	18.2
	16.3
	18.2
	5
	5
	3

	Broadcast application and incorporation by plough
	Up to 6 hours**
	33.7
	13.7
	33
	10.6
	7.3
	8.5
	7.3
	8.5
	0
	0
	7

	
	Between 6 and 12 hours**
	2.2
	7.9
	40
	1.1
	56.7
	5.3
	56.7
	5.3
	5
	5
	15

	
	Between 12 and 24 hours
	6.1
	9.9
	21.6
	9.4
	5.2
	27.3
	5.2
	27.3
	10
	10
	15

	
	Between 24 and 48 hours
	46.5
	29.6
	2.3
	0.55
	14.5
	18.8
	14.5
	18.8
	80
	80
	60

	
	More than 48 hours
	6.4
	7.5
	0.2
	0.03
	0
	No data
	0
	No data
	0
	0
	0

	Injection
	Shallow
	
	0.77
	
	0
	
	0.7
	
	0.7
	
	
	

	
	Deep
	
	0.24
	
	0
	
	11.1
	
	11.1
	
	
	

	Trailing hose
	
	0
	
	0
	
	8
	
	8
	
	
	

	Trailing shoes/bands
	
	0
	
	0
	
	0
	
	0
	
	
	

	Discs
	
	0
	
	0
	
	2.2
	
	2.2
	
	
	


Source: MARM, 2010 and expert judgement.
* Values estimated by experts from the UPV

** In order to calculate the emission factors, it will be considered to be equivalent to the category of “Less than 4 hours” and “Between 4 and 12 hours” respectively, in the preceding manure management survey.

1 Applicable only to categories in stables
In the surveys for 2012, the data on penetration of the various swine manure application techniques are disaggregated by category of animal. Table 13 gives the breakdown of the values for percentage penetration of the techniques in each swine category considered, as shown in the surveys. Table 12 above gave the values corresponding to swine based on the aggregated information in Table 13 and the number of animals reflected in the MAGRAMA Statistical Yearbook.
Table 13. Penetration percentages for each technique by category of swine. 2012
	Abatement measure
	Farrow to finished
	Piglets
	Fattening pigs
	Replacement
	Transition

	
	Solid (11.5%)
	Liquid (88.5%)
	Solid (20%)
	Liquid (80%)
	Solid (3.7%)
	Liquid (96.3%)
	Solid (0%)
	Liquid (100%)
	Solid (0%)
	Liquid (100%)

	Broadcast application without incorporation by plough
	14.23
	19.48
	16.04
	12.67
	16.92
	19.63
	0
	2.82
	2
	16.42

	Broadcast application and incorporation by plough
	Up to 4 hours
	22.28
	7.94
	24.73
	15.39
	0
	6.76
	0
	12.28
	0
	12,63

	
	Between 4 and 12 hours
	0
	6.22
	0
	0
	83.08
	6.23
	0
	5.86
	0
	2,47

	
	Between 12 and 24 hours
	23.72
	21.01
	2.56
	9.83
	0
	32.25
	0
	19.86
	0
	27,54

	
	More than 24 hours
	39.77
	22.39
	56.67
	38.05
	0
	15.84
	0
	20.16
	0
	11,24

	Injection
	Shallow
	
	1.31
	
	2.19
	
	0
	
	1.8
	
	1,9

	
	Deep
	
	21.23
	
	16.2
	
	6.27
	
	32.02
	
	11,03

	Trailing hose
	
	0.42
	
	5.67
	
	12.27
	
	0
	
	0

	Trailing shoes/bands
	
	0
	
	0
	
	0
	
	0
	
	0

	Discs
	
	0
	
	0
	
	0.75
	
	5.19
	
	16.77


Source: MARM (unpublished) and expert judgement.

*Values estimated by experts from the UPV
4. BibliograPHY
-
Draft guidance document for preventing and abating ammonia emissions from agricultural sources. WGSR informal document no. 20. [April 2011] http://www.clrtap-tfrn.org/webfm_send/475

-
EMEP, EEA. EMEP/EEA air pollutant emission inventory guidebook 2009. Luxembourg: Office for Official Publications of the European Communities, 2009.

-
[MARM, 2010] Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector aves de puesta. Madrid: MARM, Secretaría General Técnica, 2010.

-
[MARM, 2010] Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector bovino de cebo. Madrid: MARM, Secretaría General Técnica, 2010.

-
[MARM, 2010] Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector bovino de leche. Madrid: MARM, Secretaría General Técnica, 2010.

-
[MARM, 2010] Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector porcino intensivo. Madrid: MARM, Secretaría General Técnica, 2010.

-
[Statistical Yearbook] Anuario de Estadística. Madrid: Ministerio de Agricultura, Alimentación y Medio Ambiente, Secretaría General Técnica.
�	Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector aves de puesta. Madrid: MARM, Secretaría General Técnica, 2010.


Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector bovino de cebo. Madrid: MARM, Secretaría General Técnica, 2010.


Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector bovino de leche. Madrid: MARM, Secretaría General Técnica, 2010.


Ministerio de Medio Ambiente, y Medio Rural y Marino. Caracterización de sistemas de gestión de deyecciones: sector porcino intensivo. Madrid: MARM, Secretaría General Técnica, 2010.





