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D. Manure storage
8. Within one year from the date of entry into force of the present Protocol for it, a Party shall use for new slurry stores on large pig and poultry farms of 2,000 fattening pigs or 750 sows or 40,000 poultry, low-emission storage systems or techniques that have been shown to reduce emissions by 40% or more compared to the reference (as listed in the guidance document referred to in paragraph 6), or other systems or techniques with a demonstrably equivalent efficiency. 2/
9. For existing slurry stores on large pig and poultry farms of 2,000 fattening pigs or 750 sows or 40,000 poultry, a Party shall achieve emission reductions of 40% insofar as the Party considers the necessary techniques to be technically and economically feasible. 2/ The timescales for the application of these measures shall be: 31 December 2009 for Parties with economies in transition and 31 December 2007 for all other Parties. 1/
Text submitted to WGSR-47 for discussion (clean, no insert/delete)

E. Manure storage outside of animal houses

14. Within one year of the date of entry into force of the present Protocol for it, a Party shall ensure that for new slurry stores outside of animal houses for cattle, pigs and poultry, low-emission storage systems or techniques are used that have been shown to reduce ammonia emissions by {80 per cent (option A); 60 per cent (option B); 40 per cent (option C)} or more compared to the reference, as listed in the Guidance Document, or other systems or techniques with a demonstrably equivalent efficiency.2/

15. For existing slurry stores outside of animal houses for cattle, pigs and poultry, a Party shall ensure that ammonia emission reductions of at least 40 per cent are achieved compared with the reference described in the Guidance Document. For existing very large lagoons, a Party shall ensure that ammonia emission reductions of 40 per cent are achieved compared with the reference, as described in the Guidance Document, provided the Party considers it technically and economically feasible. The timescales for the application of these measures shall be as follows: {on ratification (option A); 31 December 2019 (options B, C) for Parties with economies in transition and {on ratification (option A); 31 December 2017 (options B, C)} for all other Parties. 1/

15a. For existing and new stores for solid manure, a Party shall use low-emission storage systems as described in the Guidance Document, so far as it considers them technically and economically feasible.

E1. Manure processing and composting

15b. Each Party shall ensure that low-emission manure processing and composting systems (as listed in the Guidance Document) are used as far as the Party considers this feasible.
Text submitted to WGSR-47 for discussion (with official insert/delete format)
E. Manure storage [insert: outside of animal houses]

14. Within one year of the date of entry into force of the present Protocol in its territory, a

Party shall [delete: use] [insert: ensure that] for new slurry stores [insert: outside of animal houses for cattle, pigs and poultry] [delete: on large pig and poultry farms of 2,000 fattening pigs or 750 sows or 40,000 poultry], low-emission storage systems or techniques [insert: are used] that have been shown to reduce ammonia emissions by {80 per cent (option A); 60 per cent (option B); 40 per cent (option C)} or more compared to the reference, as listed in the Guidance Document [delete: V adopted by the Executive Body at its seventeenth session (decision 1999/1) and any amendments thereto, or other systems or techniques with a demonstrably equivalent efficiency. 2/]

15. For existing slurry stores [insert: outside of animal houses for cattle, pigs and poultry] [delete: on large pig and poultry farms of 2,000 fattening pigs or 750 sows or 40,000 poultry], a Party shall [delete: achieve] [insert: ensure that] ammonia emission reductions of [insert: at least] 40 per cent [insert: are achieved compared with the reference described in the Guidance Document. For existing very large lagoons, a Party shall ensure that ammonia emission reductions of 40 per cent are achieved compared with the reference, as described in the Guidance Document, as far as the Party considers it technically and economically feasible.] [delete: insofar as the Party considers the necessary techniques to be technically and economically feasible. 2/]

The timescales for the application of these measures shall be as follows: [delete: 31 December 2009] [insert: {on ratification (option A); 31 December 2019 (options B andC)] for Parties with economies in transition and [delete: 31 December 2007] [insert: {on ratification (option A); 31 December 2017 (options B and C)] for all other Parties. 1/

(a) [Insert: For existing and new stores for solid manure, a Party shall use low emission storage systems as described in the Guidance Document, as far as it considers them technically and economically feasible;

(b) Manure processing and composting: Each Party shall ensure that low-emission manure processing and composting systems (as listed in the Guidance Document) are used as far as the Party considers this feasible].
Comments on Annex IX text from Shabtai Bittman, for discussion at TFRN-5 and associated workshop

A. Slurry storage 

1. Within one year from the date of entry into force of the present Protocol for it, a Party shall ensure that for new slurry stores low-emission storage systems or techniques that have been shown to reduce ammonia emissions by {80% (option A); 60% (option B); 40% (option C)} or more compared to the reference (as listed in the guidance document referred to in paragraph 4) are used, as described in Table 1 or other systems or techniques with a demonstrably equivalent efficiency. 2/

2. For existing slurry stores, a Party shall ensure that ammonia emission reductions of at least 40% {single option proposed at present} are achieved compared with the reference described in the guidance document referred to in paragraph 4, as described in Table xx in GD. The timescales for the application of these measures shall be: {on ratification (options A, B); 31 December 2019 (option C) for Parties with economies in transition and {on ratification (options A, B); 31 December 2017 for all other Parties. 1/


Table 1. Suggested options of abatement targets and measures for new and existing slurry stores. 

	
	Option A
	Option B
	Option C

	Existing  a/
	≥40% - natural crust, floating cover, e.g. peat, Leca, chopped straw
	≥40% - natural crust, floating cover, e.g. peat, Leca, chopped straw
	≥40% - natural crust, floating cover, e.g. peat, Leca, chopped straw; delay in requirement until Dec 2017 or 2019)

	New
	≥80% – e.g. storage bags; rigid lids; tents
	≥60% - e.g. plastic covers
	≥40% - natural crust; floating cover, e.g. peat, Leca, chopped straw


a/  floating covers and chopped straw may not be applicable on very large lagoons requiring that {the use of existing open lagoons not meeting these targets be phased out by the timescales specified (options A, B); on farms less than the size threshold specified (Annex A, B), this target is implemented as far as the party considers it technically and economically feasible (option C)}
Questionnaire on experiences with proposed mitigation measures for revised Annex 9
IV Storage

Existing

Are there mandatory measures for existing slurry stores in your country at present or anticipated?

Please indicate

Are there non-mandatory measures for existing slurry stores in your country at present or anticipated?

Please indicate

Are there exemptions due to farm size or other factors?

Are there any cost analyses for these measures?

To farmer; please provide


To government agencies (e.g. farm visits, checking plans) please provide

Are there financial benefits to the farmer


Conservation of ammonia


Exclude water


Better community relations (reduce odour and flies)

What is the farmer reaction? 

New storages 

Are there mandatory measures for existing slurry stores in your country at present or anticipated?

Please indicate

Are there non-mandatory measures for existing slurry stores in your country at present or anticipated?

Please indicate

Are there exemptions due to farm size or other factors?

Are there any cost analyses for these measures?

To farmer; please provide


To government agencies (e.g. farm visits, checking plans) please provide

Are there financial benefits to the farmer


Conservation of ammonia


Exclude water


Better community relations (reduce odour and flies)

What is the farmer reaction? 

Guidance Document Texts

Original text

VI. MANURE STORAGE TECHNIQUES

1. Reference technique. The baseline for estimating the efficiency of an abatement measure is the emission from the same type of store, without any cover or crust on the surface. Table 3 gives an overview of the different emission abatement measures for slurry stores and their efficiency in reducing NH3 emissions. 
2. After removal from animal houses, slurry is commonly stored in concrete or steel tanks or silos, or in an earth-banked lagoon (with an impermeable liner – clay or plastic). The latter tend to have a relatively larger surface area per unit volume than the former. Emissions from slurry stores can be reduced by decreasing or eliminating the airflow across the surface by installing a floating cover (different types), by allowing the formation of a surface crust, or by reducing the surface area per unit volume of the slurry store. Reducing the surface area is only a consideration at initial store design or at replacement.
3. Where poultry manure is already dry (e.g. within poultry housing), for any further long term storage elsewhere, it is BAT to provide a barn or building with an impermeable floor with sufficient ventilation; this will keep the manure dry and prevent further significant losses.
4. When using an emission abatement technique for manure stores, it is important to prevent loss of the conserved NH3 during spreading on land by using an appropriate reduced-emission application technique.
Category 1 techniques

5. The best proven and most practicable techniques to reduce emissions from slurry stored in tanks or silos is to provide a ‘tight’ lid, roof or tent structure. The application of these techniques to existing stores depends on the structural integrity of the stores and whether they can be modified to accept the extra loading. Plastic sheeting (floating cover sheeting may be a type of plastic, canvas or other suitable material) is suitable for small earth-banked lagoons. Storage bags for slurry on small farms (e.g. < 150 fattening pigs) also provide a system that reduces emissions. While it is important to guarantee that such covers are well sealed or “tight” to minimize air exchange, there will always need to be some small openings or a facility for venting to prevent the accumulation of flammable gases, such as methane.
Table 20:  Ammonia emission abatement measures for cattle and pig slurry storage.
	Abatement

Measure
	NH3
Emission reduction %)a/
	Applicability
	BAT for IPPC pig  farms?#
	Costs (OPEX)
(Euros per m3/yr) c/

	‘Tight’ Lid, roof or tent structure (Cat. 1)
	80
	Concrete or steel tanks and silos. May not be suitable on existing stores.
	Yes – but decisions taken on a case by case basis
	8.00b/

	٭Plastic sheeting (floating cover) (Cat. 1)
	60
	Small earth-banked lagoons.
	Yes – but decisions taken on a case by case basis
	1.25

	٭Plastic sheeting (floating cover) (Cat. 2)
	60
	Large earth-banked lagoons and concrete or steel tanks.

Management and other factors may limit use of this technique.
	Yes – but decisions taken on a case by case basis
	1.25 

	“Low technology” floating covers (e.g. chopped straw, peat, bark, LECA balls, etc.) (Cat. 2)
	40
	Concrete or steel tanks and silos. Probably not practicable

on earth-banked lagoons. Not suitable if materials likely to cause slurry management problems.
	Yes – but decisions taken on a case by case basis
	1.10 – tanks



	Natural crust (floating cover)

(Cat. 2)
	35–50
	Higher dry matter slurries only. Not suitable on farms where it is necessary to mix and disturb the crust in order to spread slurry frequently. 
	Yes – but decisions taken on a case by case basis 
	0.00



	Replacement of

lagoon, etc. with covered tank or tall open tanks (H> 3 m) (Cat.1)
	30– 60
	Only new build, and subject to any planning restrictions concerning taller structures.


	Not assessed
	14.9

(cost of tank 6.94)

	Storage bag

(Cat. 1)
	100
	Available bag sizes may limit use on larger livestock farms.
	Not assessed
	2.50


* Sheeting may be a type of plastic, canvas or other suitable material.
a/ Emission reductions are agreed best estimates of what might be achievable across the UNECE region. Reductions are expressed relative to emissions from an uncovered slurry tank/silo.

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

c/ Based on a depreciation period of 10 years, and an interest rate of 6 per cent, and an additional cost of €12,000. (The cost €2.5 maybe adjusted)

# The definition of BAT includes a non-quantified element of cost. Category 1 techniques may not, therefore, have been defined as BAT because of perception of costs, or may only have been defined as BAT where already fitted.

Category 2 techniques

6. There is a range of floating covers that can reduce NH3 emissions from stored slurries by preventing contact between the slurry and the air. However, the effectiveness and practicality of these covers are not well tested, except for plastic sheeting on small earth-banked lagoons, and are likely to vary according to management and other factors. Examples include plastic sheeting, chopped straw, peat, LECA (light expanded clay aggregates) balls or other floating material applied to the slurry surface in tanks or earth-banked lagoons. Floating covers might hinder homogenization of the slurry prior to spreading; some of the materials used may hinder the spreading process itself, by clogging up machinery, or cause other slurry management problems. 
7. Minimizing stirring of stored cattle slurry of a sufficiently high dry matter content will allow the build-up of a natural crust. If this crust totally covers the slurry surface and is thick enough, and slurry is introduced below the crust, such a crust can significantly reduce NH3 emissions at little or no cost. This natural crust formation is an option for farms that do not have to mix and disturb the crust in order to spread slurry frequently. The emission abatement efficiency will depend on the nature and duration of the crust. 
8. If shallow earth-banked lagoons are replaced by taller tanks or silos, emissions will be reduced due to the reduced surface area per unit volume. This could be an effective (though expensive) NH3 reduction option, particularly if the tanks are covered by a lid, roof or tent structure (category 1 techniques). However, the effectiveness of this option is difficult to quantify, as it is strongly dependent on the characteristics of the lagoon and the tank.
9. There are few options for reducing NH3 emissions from stored farmyard manures for cattle and pigs. Experiments have shown that covering farmyard manure piles with plastic sheeting can substantially reduce NH3 emissions, and did not show any significant increase in methane or nitrous oxide emissions (T. Misselbrook, personal communication). At present, this is considered as a category 2 technique, due to the need for more general testing of the abatement efficiency.
Guidance Document, comments on original text, from Martin Hansen

VI. MANURE STORAGE TECHNIQUES

10. Reference technique. The baseline for estimating the efficiency of an abatement measure is the emission from the same type of store, without any cover or crust on the surface. Table 3 gives an overview of the different emission abatement measures for slurry stores and their efficiency in reducing NH3 emissions. 
11. After removal from animal houses, slurry is commonly stored in concrete or steel tanks or silos, or in an earth-banked lagoon (with an impermeable liner – clay or plastic). The latter tend to have a relatively larger surface area per unit volume than the former. Emissions from slurry stores can be reduced by decreasing or eliminating the airflow across the surface by installing a floating cover (different types), by allowing the formation of a surface crust, or by reducing the surface area per unit volume of the slurry store. Reducing the surface area is only a consideration at initial store design or at replacement.
12. Where poultry manure is already dry (e.g. within poultry housing), for any further long term storage elsewhere, it is BAT to provide a barn or building with an impermeable floor with sufficient ventilation; this will keep the manure dry and prevent further significant losses.

13. When using an emission abatement technique for manure stores, it is important to prevent loss of the conserved NH3 during spreading on land by using an appropriate reduced-emission application technique.
Category 1 techniques

14. The best proven and most practicable techniques to reduce emissions from slurry stored in tanks or silos is to provide a ‘tight’ lid, roof or tent structure
. The application of these techniques to existing stores depends on the structural integrity of the stores and whether they can be modified to accept the extra loading. Plastic sheeting (floating cover sheeting may be a type of plastic, canvas or other suitable material) is suitable for small earth-banked lagoons.
 Storage bags for slurry on small farms (e.g. < 150 fattening pigs) also provide a system that reduces emissions. While it is important to guarantee that such covers are well sealed or “tight” to minimize air exchange, there will always need to be some small openings or a facility for venting to prevent the accumulation of flammable gases, such as methane.
Table 20:  Ammonia emission abatement measures for cattle and pig slurry storage.
	Abatement

Measure
	NH3
Emission reduction %)a/
	Applicability
	BAT for IPPC pig  farms?#
	Costs (OPEX)
(Euros per m3/yr) c/

	‘Tight’ Lid, roof or tent structure (Cat. 1)
	80
	Concrete or steel tanks and silos. May not be suitable on existing stores.
	Yes – but decisions taken on a case by case basis
	8.00b/

	٭Plastic sheeting (floating cover) (Cat. 1)
	60
	Small earth-banked lagoons.

	Yes – but decisions taken on a case by case basis
	1.25

	٭Plastic sheeting (floating cover) (Cat. 2)
	60
	Large earth-banked lagoons and concrete or steel tanks.

Management and other factors may limit use of this technique.
	Yes – but decisions taken on a case by case basis
	1.25 

	“Low technology” floating covers (e.g. chopped straw, peat, bark, LECA balls, etc.) (Cat. 2)
	40
	Concrete or steel tanks and silos. Probably not practicable

on earth-banked lagoons. Not suitable if materials likely to cause slurry management problems.
	Yes – but decisions taken on a case by case basis
	1.10 – tanks



	Natural crust (floating cover)

(Cat. 2)
	35–50

	Higher dry matter slurries only. Not suitable on farms where it is necessary to mix and disturb the crust in order to spread slurry frequently. 

	Yes – but decisions taken on a case by case basis 
	0.00



	Replacement of

lagoon, etc. with covered tank or tall open tanks (H> 3 m) (Cat.1)
	30– 60
	Only new build, and subject to any planning restrictions concerning taller structures.


	Not assessed
	14.9

(cost of tank 6.94)

	Storage bag

(Cat. 1)
	100

	Available bag sizes may limit use on larger livestock farms.
	Not assessed
	2.50


* Sheeting may be a type of plastic, canvas or other suitable material.
a/ Emission reductions are agreed best estimates of what might be achievable across the UNECE region. Reductions are expressed relative to emissions from an uncovered slurry tank/silo.

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

c/ Based on a depreciation period of 10 years, and an interest rate of 6 per cent, and an additional cost of €12,000. (The cost €2.5 maybe adjusted)

# The definition of BAT includes a non-quantified element of cost. Category 1 techniques may not, therefore, have been defined as BAT because of perception of costs, or may only have been defined as BAT where already fitted.

Category 2 techniques

15. There is a range of floating covers that can reduce NH3 emissions from stored slurries by preventing contact between the slurry and the air. However, the effectiveness and practicality of these covers are not well tested, except for plastic sheeting, chopped straw and LECA balls, and are likely to vary according to management and other factors. Examples include plastic sheeting, chopped straw, peat, LECA (light expanded clay aggregates) balls or other floating material applied to the slurry surface in tanks or earth-banked lagoons. Floating covers might hinder homogenization of the slurry prior to spreading; some of the materials used may hinder the spreading process itself, by clogging up machinery, or cause other slurry management problems. 
16. Minimizing stirring of stored cattle slurry of a sufficiently high dry matter content will allow the build-up of a natural crust and a bottom layer. If this crust totally covers the slurry surface and is thick enough, such a crust can significantly reduce NH3 emissions at little or no cost. This natural crust formation is an option for farms that do not have to mix and disturb the crust in order to spread slurry frequently. The emission abatement efficiency will depend on the nature and duration of the crust. 
17. If shallow earth-banked lagoons are replaced by taller tanks or silos, emissions will be reduced due to the reduced surface area per unit volume. This could be an effective (though expensive) NH3 reduction option, particularly if the tanks are covered by a lid, roof or tent structure (category 1 techniques). However, the effectiveness of this option is difficult to quantify, as it is strongly dependent on the characteristics of the lagoon and the tank.

18. There are few options for reducing NH3 emissions from stored farmyard manures for cattle, poultry and pigs. Experiments have shown that covering farmyard manure piles with plastic sheeting can substantially reduce NH3 emissions, and did not show any significant increase in methane or nitrous oxide emissions
 (T. Misselbrook, personal communication). At present, this is considered as a category 2 technique, due to the need for more general testing of the abatement efficiency.
�Applies to all slurry except where stated. This might be important since for fist time cattle are included in mandatory  rules. slurry is defined in Guidance document as. Flowable or below 8%DM??


�This Table should be in GD


�Why is this part only dealing with poultry manure. It may also be relevant for pig and cattle manure – although less prevalent. Besides the last part is not correct. If the manure is not dried in stable or in barn a significant emission of ammonia is lost during storage – covered or not.   


�You have to introduce what is meant by cat 1 tech. It is unknown to me. 


�I think the best proven and practicable techniques are floating covers like LECA, natural crust, straw etc. 


�The technique is as suitable for concrete storage facilities. The system has been used a bit in Denmark, but is not very prevalent today, mainly due handling problems during mixing and emptying of the storage.  


�and concrete storage facilities


�I think the effect of the natural crust is under estimated. In Denmark a thick and fully cover of natural crust is considered to reduce emission by 80 per cent. 


�This is also the case for chopped straw, peat and bark.


�As mentioned in the text the effect has to be lower than 100 per cent due the need for ventilation openings


�Yes, however I believe the range of effects has to be higher than between 30 and 60% as shown in table 1.


�We have actually found it to be reduced by covering. 





