1 BAT conclusions for all composting systems

This section presents the BAT elements for techniques specific to all composting systems covered in this document.

1.1 Waste acceptance procedures
In order to ensure the suitability of the feedstock for composting, BAT is to use the techniques given below: 

	Techniques
	Description
	Applicability

	a 
	Visual inspection
	The characteristics of the feedstock have very important effects on the composting process. At composting sites each delivery of input material shall be visually inspected at an appropriate location and assessed against the stated acceptance criteria. 
	Applicable to all composting techniques



1.2 Storage & handling of incoming waste

In order to ensure appropriate storage conditions at the composting plant, BAT is to use the techniques given below: 
	Techniques
	Description
	Applicability

	a 
	Separate storage of bulky/woody green wastes.
	Carbon rich feedstock such as bush, tree cuttings, or compost oversize are stored in a dedicated area for blending with other incoming biowastes and sludges when required to balance the C:N ratio of the feedstock blend. 
	Applicable to all composting techniques


	b 
	Providing sufficient storage capacity for seasonal variation
	Adequate provisions must be made for the acceptance of seasonal peak volumes of delivery such as those occurring during the spring and autumn seasons. In addition space needs to be made available for the storage of carbon rich feedstocks (e.g. bush, tree cuttings, and compost oversize) for use in blending feedstocks prior to shredding. 
	Applicable for all composting techniques



	c 
	Adapting material type, storage time and mixing to reduce odour emission potential
	Depending on feedstock type (C:N ratio, degradability etc.), residence time and feedstock storage shall be minimised prior to processing in order to reduce the potential for odour generation. Untreated and not properly mixed material can increase the generation of odours. 
	Applicable to all composting techniques



	d 
	Impermeable/paved  surfaces for putrescible wastes
	All storage areas for putrescible, non woody feedstock must have an impermeable or paved surface with sealed contained drainage, to prevent any spillage entering the storage systems or escaping off-site. 
	Applicable to all composting techniques




1.3 Preparation of wastes for composting process
In order to improve the composting process, BAT is to use the techniques given below: 
	Techniques
	Description
	Applicability

	a 
	Sufficient porosity of the initial mix for composting.
	Sufficient structure stability and adequate porosity of material is provided by mixing within the feedstock blend an adequate proportion of carbon rich feedstocks e.g. shredded woody garden and park waste, or compost oversize. 
	Applicable to all composting techniques



	b 
	Balancing the C:N ratio
	A balanced C:N ratio is established to ensure a proper micro biological degradation and/or transformation. This can be achieved by mixing and blending low C:N with high C:N feedstocks at an appropriate rate. 
	Applicable to all composting techniques



	c 
	Adjustment to proper moisture content
	A proper moisture content homogenously distributed in the entire material shall be maintained in order to create an appropriate environment to start the microbiological decomposition process.
	Applicable to all composting techniques



	d 
	Adapting the feedstock blend according to the technique used. 
	The mix is adapted to the specific process/technique applied and documented for each individual compost batch
	Applicable to all composting techniques




1.4 Process monitoring & control specific to composting
Since process monitoring, control and performance is important to maintain optimal composting conditions, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Temperature control and monitoring
	Temperature must be monitored at an appropriate frequency during the intensive composting phase (for thermal hygienisation) and also during the following stabilisation as an indicator of the intensity of the microbial transformation process. The minimum monitoring frequency and the method used is as required by the regulator.
The temperature shall be recorded intermittently or continuously, as defined in the operator’s quality management system and is likely to be at least once per working day during the entire hygienisation period. 
	Applicable to all composting techniques



	b 
	Process management documentation
	During the composting process the following activities and data must be recorded in the operational diary or equivalent record(s):

· Feedstock composition of the individual compost batches;

· Batch codes;

· Merging of compost batches; 

· Location of compost batches;

· Temperature monitoring results;

· Moisture assessment (when carried out – in indoor composting this is not always possible)

· Watering date and type of water used (well water, roof water; leachate water from intensive decomposition and tipping area; leachate water from maturation and compost storage area)

· Turning dates (if applicable);

· Forced aeration regime (if applicable);

· Intermediate screening (if applicable);

· The composting process duration
	Applicable to all composting techniques



1.5 Emissions to water

Waste or run-off water in composting is to be distinguished between “dirty water” or “leachate” and “clean surface water”. 

Dirty water or leachate has typically a high content of organic substances and is a result of high moisture levels in biowaste and putrescible waste and from natural precipitation seeping through active or curing compost piles, rainwater drained of the surface of compost piles or wash waters. 

Leachate should be drained off and stored so that pollution of the surface waters or ground waters can be minimised. The site should have sufficient storage to collect dirty waters from any impermeable paved areas of the site. Storage should be constructed according to construction design standards available. 

Clean surface water is originating from roofs or from areas of the site that are not being used in connection with storing and treating waste, and may be discharged directly to surface waters, or to groundwater by seepage through the soil via a soakaway. They are considered as ‘clean’ water. In order to prevent uncontrolled waste water emissions, reduce the waste water amount as well as the water consumption of composting plants, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Dimensioning of intermediate waste water tank(s)
	The appropriate dimensioning of the intermediate waste water tank(s) shall take into account the site size and rainfall in order to hold dirty waters from all paved areas where compost or raw material is stored or treated in open, unroofed areas
	Applicable to all composting techniques 


	b 
	Paved/impermeable surface of processing areas
	The impermeable area must cover the following areas of the composting plant:
· The tipping and intermediate feedstock storage area for all input materials with the possible exception of woody materials (tree and bush cut-tings), straw, or similar biologically non active, carbon rich, dry feedstock or finished compost;

· The storage area for non woody materials (food and kitchen waste, sludge, food processing waste, all materials with high water content and a high fermentability potential)

· The pre-processing area where feedstock are mixed, with the exception of the area where woody materials (tree and bush cuttings) only are shredded;

· The active decomposition area, irrespective of whether it is roofed or not

· The maturation area, irrespective of whether it is roofed or not; and

· The storage area for matured compost with the possible exception to be approved by the competent authority and taking into account at least:
· local precipitation

· ground and surface water protection

· coverage by water repellent fleece or roof
	Applicable to all composting techniques



	c 
	Draining off surface water from stored biowaste/compost
	All storage and treatment areas must allow for the controlled drainage of all liquids to avoid water-logging at the windrow or feedstock base. This is achieved by constructing the composting pad on a gradient to avoid water stagnating.
	Applicable to all composting techniques

	d 
	Waste water management plan
	A waste water management plan must ensure adequate treatment or reuse of the waste water
	Applicable to all composting techniques

	e 
	Collection and treatment of dirty waters
	Dirty waters need to be collected and treated according to the requirements of water protection principles i.e. to prevent pollution of ground and surface wasters due to its high biological oxygen demand, the nutrient content (above all phosphorus and nitrogen) and potential pathogenic microorganisms.
	Applicable to all composting techniques

	f 
	Discharge and use of waste water
	It must be distinguished between qualitative criteria for:

· Direct discharge into rivers

· Direct application to land

· Indirect or direct discharge to on-site or off-site waste water treatment plants
	Applicable to all composting techniques

	g 
	Separate collection and treatment of clean surface waters
	For new sites, clean surface waters shall be collected and stored separately from ‘dirty water’ or leachate, to reduce the volume of dirty water to be treated.
	Applicable to all composting techniques


	h 
	Quality management measures
	Quality management measures aimed at reducing the quantity and to manage dirty waters are:

· Initial feedstock mixture shall provide a good structure and water holding capacity (e.g. shredded wood, bark, straw, oversize screenings, sawdust, leaves and compost at an appropriate rate); 

· Adjusting the initial moisture content of the feedstock to adapt it as much as possible to the water holding capacity 

· Assessing the need for water additions and ensuring correct adding of water as the composting process progresses and the total water holding capacity decreases. 
	Applicable to all composting techniques




1.6 Emissions to air

The main releases from aerobic treatment operations are: 

· Odorous compounds 

· Dust

· Ammonia

· Bioaerosols

Different types of waste streams may have different potential to generate emissions to air. For example, putrescible wastes (e.g. food wastes), generally characterised by high moisture content and low C:N ratios, are more likely to generate odour and ammonia emissions than less putrescible wastes (e.g. green waste, especially woody fractions), which are less wet and are generally characterised by higher C:N ratios. 
Proximity to residential, commercial and other industrial premises will determine the amount and type of environmental control that will be needed as well as the extent of environmental monitoring required. 

1.6.1 Odour

In order to prevent or reduce odour emissions from composting systems to air, BAT is to use the techniques given below:
	Techniques
	Description
	Applicability

	a 
	Prompt processing of odourous feedstock after delivery
	It is essential that odorous wastes be   delivery and to be further processed as quickly as possible  after delivery.
	Applicable to all composting techniques

	b 
	Adequate aeration and moisture adjustment during the initial active composting phase 
	It is vital that aeration (via natural convection, mechanical turning and/or forced aeration) is supplied to ensure sufficient air is supplied to the composting material. During the most active composting stage at higher temperatures, there can be moisture loss and water may need to be replaced to ensure optimal conditions are maintained.
	Applicable to all composting techniques

	c 
	Balanced C:N ratio
	The operator may mix input materials in order to achieve a consistent and balanced C:N ratio in the batch. Any moist or wet loads accepted are routinely blended with other woody or dry inputs or compost oversize material (compost screenings) upon discharge to reduce the possibility of anaerobic conditions developing and so increasing the potential odour release.
	Applicable to all composting techniques

	d 
	Odour management plan
	An ‘Odour Management Plan’ shall be prepared for each composting site to identify the appropriate measure to mitigate odours at the site. As part of the ‘Odour Management Plan’, the ‘complaints management’ in the case of single odour emission events should include:
· Name, address and telephone number of the complainant;

· Date, time of the complaint;

· Subject of the complaint;

· Operations carried out at the time of the complaint;

· Weather conditions (e.g. temperature, wind direction, rainfall);

· Operational measures due to the complaint;

· Communication with the complainant. There should follow an immediate reply to the complainant.
	Applicable to all composting techniques


1.6.2 Dust and bioaerosols

In order to prevent or reduce dust and bioaerosols emissions from composting systems to air, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Dust management plan for ‘outside’ vehicle activities
	In plants which have active vehicle movements outside there should be a ‘dust management plan’ in place. Typically preventative measures in dry weather is water spraying on site roads and any other areas used by vehicles.
	Applicable to all composting techniques

	b 
	Dust mitigation measures
	Where dust creation is unavoidable, use of sprays, binders, stockpile management techniques, windbreaks etc. are employed based on the risk posed by the waste/activity. 
	Applicable to all composting techniques

	c 
	Read and road cleaning
	Regular wheel and road cleaning (avoiding transfer of pollution to water and windblown particulate). This should be included in a documented cleaning plan.
	Applicable to all composting techniques

	d 
	Maintaining adequate moisture content
	Maintaining adequate moisture content throughout the composting process to avoid the input feedstocks, composting materials and finished compost drying out and potentially generating dusts when handled.  Batch irrigation should be undertaken when the parameters for moisture content fall below the critical limits.
	Applicable to all composting techniques

	e 
	Maintaining adequate air supply 
	Effective management air supply (see 1.6.1 Odour)
	Applicable to all composting techniques

	f 
	Appropriate consideration of weather conditions and wind direction
	The formation or turning of windrows or piles should be avoided if possible on windy days. Screening and shredding should also be undertaken when wind speed is calm or wind direction is away from sensitive receptors.
	Applicable to all composting techniques

	g 
	Cleaning, moistening traffic lanes
	Site surfaces such as roads and tracks should be regularly dampened down and/or swept to suppress dust and bioaerosols
	Applicable to all composting techniques

	h 
	Physical barriers 
	Physical barriers such as mounds, walls or tree boundaries.  
	Applicable to all composting techniques

	i 
	Weather dependent material manipulation 
	It is a good practice to have a wind sock to monitor wind direction on site and also to record weather data and to use weather monitoring data to help determine site activities. For example it is advisable not to turn when wind is blowing towards sensitive receptors
	Applicable to all composting techniques


1.7 Product preparation and storage

Product preparation could involve but is not limited to:

a. screening to create one or more compost grades (in terms of particle size range) and/or remove any physical contaminants;

b. blending with other materials, composts, products, or additives; and/or

c. increase or reduction of moisture content. 

In order to prevent or reduce potential emissions from product preparation and storage systems, BAT is to use the techniques given below:
	Techniques
	Description
	Applicability

	a 
	Adjust moisture before drum screening
	Moisture content shall be optimised to enhance performance and minimise dust and bioaerosols emissions during screening. .When the material to be screened is too dry (< 20% moisture content), this results in good screening capability, good screening yield, but also significant dust and bioaerosols emissions possibly associated with microbe emissions as the moisture levels decrease 
	Applicable to all composting techniques

	b 
	Compost storage
	· Products should not be stored at the bottom of a slope where raw materials are accepted for composting or composted. 

· The compost should be stored (bulk, big bags, bagged) so that batches with different quality specifications can be distinguished. 
	Applicable to all composting techniques


2 BAT conclusions for outdoor composting 

This section presents the BAT elements for techniques specific to outdoor (open) composting systems covered in this document.

2.1 Storage & handling of incoming waste

In order ensure appropriate storage conditions for an outdoor composting plant, BAT is to use the techniques given below: 
	Techniques
	Description
	Applicability

	a 
	Prevention of wind drifting of light impurities
	In the case of intermediate storage of source separated green waste and food waste from households, physical protection against wind drifting of light fractions (contaminants such as plastics) must be installed (fences, walls, fleece coverage) or light fractions are removed from the surface. 
	Applicable to outdoor/ open composting tech​niques

	b 
	Storage time
	Storage time for organic feedstock should be kept to a minimum
	Applicable to outdoor/ open composting tech​niques


2.2 Preparation of wastes for composting process

In order to improve the outdoor composting process, BAT is to use the techniques given below: 
	Techniques
	Description
	Applicability

	a 
	Shredding of bulky feedstocks
	Shredding of raw materials may cause dust, odours and bioaerosols to be emitted. For sites with sensitive receptors nearby, reduction of dust, odours and bio-aerosols emissions can be achieved by spraying water or fogging onto the shredding process and considering actual wind direction and strength.
	Applicable to outdoor/ open composting tech​niques


2.3 Process monitoring & control specific to outdoor/open composting
Since process monitoring, control and performance is important for optimal outdoor composting conditions, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Moisture assessment
	Moisture should be controlled during the entire composting process. This can be done by means of visual control combined with one of the following methods: 

· a ‘squeeze or fist test’, which is the most commonly used by operators. It entails grasping and clenching the sample in a gloved hand for approximately ten seconds, then opening and assessing moisture content using table 1 below; this is a subjective test but is regarded as reliable when carried out by an experienced operator; 

· a moisture monitoring device with read-out or connectivity to a data capture system; 

· a more accurate drying in an oven method, which is followed by calculating the change of mass having weighed sample mass before and after ‘drying and cooling of the sample’.  
	Applicable to outdoor/ open composting tech​niques


2.4 Emissions to water

In order to prevent uncontrolled waste water emissions, reduce the waste water amount as well as the water consumption of outdoor composting plants, BAT is to use the techniques given below:
	Techniques
	Description
	Applicability

	a 
	Heavy rainfall precaution
	In case of heavy rainfalls and if the measures described in section BATC Nr. 1.5  are insufficient the following can also be considered:

· In case of heavy rainfall or high precipitation areas, covering small triangle windrows with geo-textiles or composting under a roofed structure reduces the formation and the organic contamination of waste water and helps improve run-off management. 
	Applicable to outdoor/ open composting tech​niques


2.5 Emissions to air

The main releases from aerobic treatment operations are: 

· Odorous compounds 

· Dust

· Ammonia

· Bioaerosols

In open/outdoor composting all of these are diffuse emissions inherently providing little or no options for direct regular monitoring of channelled emission components. Hence, end of pipe techniques for the abatement of emissions to air in outdoor composting are only applicable if negative aeration techniques with a biofilter are installed 

2.5.1 Odour

In order to prevent or reduce odour emissions from outdoor composting systems to air, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Measures against 
water surplus 
	Reducing the water input:

· Choose dry feedstock with a high water retention capacity

· Add high C:N input materials (chopped/shredded wood, bark, sawdust, dry compost etc.)

· Optional in case of heavy rainfalls: Cover open triangle windrows with a geo-textile (drains off 80 to 90 % of rain water)

· Shape windrow to shed water 

Increase water release:

· Ensure initial ‘mix’ of materials is balanced and that porosity is maximised 

· Uncover the windrows on days with high evaporation potential 
	Applicable to outdoor/ open composting tech​niques

	b 
	Measures to improve structure
	Mix additional bulking agents if required (shredded bush cuttings)

Increase bulking agents especially in the bottom of the heap, if required. Create a basic layer with structure forming shredded wood. 

Use oversize when required to ‘open’ the feedstock texture.

Porosity is a key factor in the generation of odours. The density of the material should be optimised from the beginning by effective blending and mixing of feedstocks. This will enable adequate air flow throughput the pile.   
	Applicable to outdoor/ open composting tech​niques

	c 
	Windrow structure
	Set up loose, well-structured windrows for the initial intensive degradation phase

The maximum height of a pile/windrow depends on 

· decomposition age (the more mature, the higher the piles can be)

· structural stability of the whole mixture 

· installation of a forced aeration system (alternating positive [blowing] and/or negative [sucking])

Through mechanical agitation (turning) new accessible surfaces are created and air exchange rates are increased.
	Applicable to outdoor/ open composting tech​niques

	· 
	Decomposition process management
	Managing the decomposition process, e.g.:

· Regular turning to avoid anaerobic zones forming in windrows; 

· Limiting the size of the windrows; and 

· Keeping the facility clean (regular cleaning of surfaces, equipment and all traffic routes etc.); and

· Turning the windrows only when there is an advantageous wind direction relative to the possible affected neighbourhood.
	Applicable to outdoor/ open composting tech​niques


2.5.2 Dust and bioaerosols

In order to prevent or reduce dust and bioaerosols emissions from composting systems to air, BAT is to use the techniques given below:
	Techniques
	Description
	Applicability

	a 
	For discussion
	
	

	b 
	
	
	

	c 
	
	
	

	d 
	
	
	

	e 
	[Other]
	
	


2.5.3 Ammonia

In order to prevent or reduce ammonia emissions from outdoor composting systems to air, BAT is to use the techniques given below:
	Techniques
	Description
	Applicability

	a 
	Balancing C:N ration of N-rich feedstock
	N-rich materials, (sewage sludge, fermentation residues, specific industrial wastes, poultry manure, household organic wastes [especially when kitchen waste and grass clippings are > 30 to 40%]) must be blended homogenously with a sufficient amount of carbon-rich materials, to balance the C:N ratio. In this respect the carbon availability is also of specific importance: which can be achieved by a proper particle size distribution of the shredded material and fresh material. Within a low C:N ratio, the NH3 emissions increase as the composting temperature increases. A C:N-ratio of > 25 minimises NH3 formation, however, as the ratio increases (to above 35) the rate of composting will slow down, as N will be rate-limiting;
	Applicable to outdoor/ open composting tech​niques

	b 
	Optimise moisture of material according the water capacity during the composting stages
	Ideally the moisture content of the waste mixture should not be above 65-70% (m/m) at the start of the composting process, and should be maintained to between 40 to 60% (m/m) during the following stages of the process, although a lower moisture content during the final stage of the process may be required to optimise the screening process.
	Applicable to outdoor/ open composting tech​niques

	c 
	Maintain an adequate pore structure Bulking/structural materials
	Adequate pore structure bulking / structural materials are needed for appropriate air flow. The ratio of structure-forming materials (shredded bush and tree cuttings, screen overflow, etc.) should – in dependence of C:N ratio and structural properties of the individual constituents be adjusted accordingly
	Applicable to outdoor/ open composting tech​niques

	d 
	Adding mature compost
	In order to facilitate the efficient formation of humic substances (humification) and the incorporation of volatile carbon- and nitrogen compounds into more complex compounds the addition of mature compost can be beneficial.
	Applicable to outdoor/ open composting tech​niques


3 BAT conclusions for Indoor composting 

This section presents the BAT elements relevant to indoor composting. It has been structured in a similar format as previous chapters.

3.1 Storage & handling of incoming waste

In order ensure wastes are stored and handled under appropriate conditions at an installation which includes indoor composting, BAT is to use the techniques given below: 
	Techniques
	Description
	Applicability

	a 
	Storage of liquid and solid wastes.
	I. Where the waste storage area is required to be in an enclosed building, this should include a building ventilation system and an emission abatement system that maintains the building under negative air pressure. 

II. When storage is enclosed, exhaust air is captured, and can be reused to aerate the composting piles, then discharged and treated, when this is required by regulatory body. 

III. Fast acting doors should be provided for access and egress by delivery and other vehicles. Buildings should be sized so offloading can be carried out in the building with the doors shut. Operators may wish to consider the use of air lock entrances for sites located in sensitive areas, when these are practicable. 
	Applicable to indoor biological  treatments


3.2 Process monitoring & control specific to indoor composting

To ensure the process is carried out under optimal conditions and perform effectively, BAT is to use the techniques given below:

	Techniques
	Description
	Applicability

	a 
	Process monitoring and control
	A suitable monitoring and control system, either manual or instrumental and which provides reliable data, is essential to ensure good process performance, minimise operational issues and maintain abatement systems optimal removal performances.  This normally includes temperature monitoring within the composting mass and/or in the inlet/outlet air. It may also include monitoring of inlet and outlet air flow rate and/or of oxygen/carbon dioxide.  
	Applicable to indoor composting. 


3.3 Emissions to air

In order to prevent or where this is not practicable, to reduce emissions to air from indoor composting, BAT is to use the operational techniques given below:

	Techniques
	Description
	Applicability

	i 
	Exhaust air capture, collection and treatment 
	I. Where the waste storage area is required to be in an enclosed building, this should include a building ventilation system and an emission abatement system that maintains the building under negative air pressure. 

II. When storage is enclosed, exhaust air is captured, and can be reused to aerate the composting piles, then discharged and treated, when this is required by regulatory body.

III. Fast acting doors should be provided for access and egress by delivery and other vehicles. Buildings should be sized so offloading can be carried out in the building with the doors shut. Operators may wish to consider the use of air lock entrances for sites located in sensitive areas, when these are practicable. 
	Applicable to indoor composting.

	j 
	Composting process optimisation
	I. See section 1 above relevant to composting
	Applicable to composting.

	k 
	Biofilters optimisation 
	I. Moisture and temperature management, performance monitoring (including back-pressure), establishment of a maintenance schedule and use of Standard Operating Procedures. 
	Applicable to any installations with enclosed stages/buildings


In order to prevent or where this is not practicable, to reduce emissions to air from indoor composting, BAT is to use one or the combination of the abatement techniques given below. The choice will depend on a number of factors, including the type of input materials processed at the facility, which will affect the composition of the exhaust air. 

	Techniques
	Description
	Applicability

	l 
	Emission abatement at the point of source
	I. Encapsulation with semipermeable membrane covers
	Applicable to any installations with enclosed stages/buildings and also if placed outdoor with or without roofing

	m 
	End of pipe treatment
	I. Biofilters

II. Wet scrubbers 

III. Activated carbons

IV. Ozone treatment
	Applicable to any installations with enclosed stages/buildings



