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Biodegradable waste processing

Biodegradable waste includes any organic matter in waste that is broken down into carbon dioxide, water, methane, or simple organic molecules by microorganisms and other living organisms during composting, aerobic decomposition, anaerobic digestion or similar processes. Biodegradable waste includes waste from gardens, parks, food, kitchen waste from households, restaurants, catering, and retail establishments, etc. Biodegradable waste makes up 40–70% of municipal solid waste.

Industrial biodegradable waste includes waste generated in agriculture, the food industry and the wood processing industry. Disposal of biodegradable waste in landfills negatively affects the environment due to the appearance of unpleasant odours and the emission of greenhouse gases. The EU Landfill Directive 1999/31/EC has as its main objective the definition of measures to prevent or reduce the harmful effects of landfilling of waste on the environment. One of the important provisions of this directive concerns the reduction of the amount of biodegradable waste going to landfills. Treatment of waste before disposal is considered an appropriate way to reduce risks to the environment. Waste treatment technologies include mechanical, thermal and biological methods or combinations of the above methods. The purpose of waste treatment is to reuse recycled waste, recover energy from waste or improve the characteristics of waste before further handling (removal of impurities, waste odours, reduction of volume, etc.). 
Biological waste treatment is the process of breaking down biodegradable organic waste to obtain useful materials for improving soil quality (compost) or energy (methane). Biological treatment includes composting, anaerobic digestion and their combination. Composting is a biological aerobic process that converts easily degradable organic waste into carbon dioxide and stable organic matter. Composting reduces the amount of waste in landfills, saves energy needed for fertiliser production, reduces negative environmental impact and preserves soil fertility. 

Anaerobic digestion is the biological decomposition of organic waste in the absence of oxygen (anaerobic environment), generating methane and carbon dioxide. Anaerobic digestion also enables the creation of biogas that can be used as an energy source. The residues in this process are liquid or solid, which, depending on the quality, are further processed, disposed of in a landfill or used as fertiliser. For the successful implementation of the anaerobic digestion process, high-quality pre-treatment of raw materials is required. The operations applied in pre-treatment may include mixing the raw materials, adding water or removing large elements and inert materials (plastic or glass) and various other operations. As anaerobic digestion is a very sensitive process, only biodegradable waste is dosed into the bioreactor. The gases generated during the biological process must be controlled. The biogas produced during digestion can be used for internal electricity generation and heating purposes. The excess electricity and heat produced can be sold as energy from renewable sources. After anaerobic digestion, water is usually separated from the residue, and the digestate is then treated aerobically (by composting).

Composting

[bookmark: _Hlk193013843][bookmark: _Hlk192747355]Composting is the oldest and most natural way of recycling biodegradable waste. It is a natural process of decomposition of organic matter. The raw material for the composting process is biodegradable waste from gardens and parks, kitchen waste from households, restaurants, catering and retail establishments and similar waste from the production of food products. Composting can be carried out in the yard (independently), at suitable locations (joint composting) and in special industrial plants (composting plants). Industrial composting of larger quantities of waste requires the use of special machines and devices to process large quantities of organic waste into high-quality organic fertiliser. Composting is a process in which biodegradable waste, through the activity of microorganisms (bacteria, fungi, small animals) and in the presence of oxygen, is converted into compost. The product obtained is a useful material, like humus, or organic fertiliser, which is used as a means of improving soil quality. Composting significantly solves the problem of organic waste because about one third of this waste is recycled. In this way, the amount of waste that is landfilled is reduced. Compost is particularly important in ecological production, where it represents the basic organic fertiliser.
	COMPOSTING CYCLE

	Composting is the controlled, aerobic, partial decomposition of organic waste, which produces a humus-like material:  compost. During the composting process, biodegradable waste (municipal, industrial and agricultural waste) is treated. Organic matter that decomposes and rots is composted and is divided into three categories. For the composting of waste in the first category, simple open composting methods can be used. For the treatment of waste in the second category, open composting has proven to be satisfactory, provided that the materials being processed are prepared in advance and that process control is established. However, within category two, there is a greater likelihood of unpleasant odour emissions compared to category one, therefore it is necessary to pay much greater attention to the maintenance of the process in order to avoid negative environmental impacts.


For the processing of organic materials from category three, the likelihood of unpleasant odours is the highest and therefore open composting is generally, although not necessarily, considered an unsatisfactory process. Glass, metal, textiles, chemicals, plastic, cigarettes, bones, paper, weeds with mature seeds, diseased plant parts, nut shells, leaves of some trees (oak, walnut, and chestnut), waste construction materials and other materials that are difficult to decompose or do not decompose at all should not be composted.

Table 1: Categories of biodegradable waste
	Category and impact
	Waste type
	Example

	Category 1: Least environmental impact
	Garden waste
	Grass, leaves, plants, branches, trunks and stumps

	
	Untreated wood
	Sawdust, shavings, tree trimmings, crates, pallets, wooden packaging

	
	Natural organic fibres
	Peat, seed husks, straw and other natural organic fibres

	
	Processed fibres
	Paper, cardboard, non-synthetic textiles

	Category 2: Greater environmental impact
	Other natural and processed vegetables
	Vegetables, fruits and seeds, waste from wineries, breweries and distilleries, organic foods

	
	Bioparticles and manure
	Sewage biosolids, manure and mixtures of manure and other biodegradable materials from livestock farming.

	Category 3: Highest environmental impact
	Meat, fish and healthy food
	Carcasses and parts of carcasses, blood, bone, fish, fat processing residues

	
	Oily sludge and organic raw materials of plant and animal origin
	Oily sludge of animal and vegetable origin.

	
	Mixed municipal waste containing biodegradable organic raw materials
	Waste containing biodegradable raw materials, collected household waste or waste brought directly to a processing plant, as well as waste from the commercial sector.


Composting is a biological process carried out by microorganisms and is conditioned by parameters that influence their growth and reproduction, the most important of which are temperature, carbon to nitrogen ratio (C/N ratio), particle size, oxygen concentration, moisture content and pH value. All these parameters are important for the composting process and must be constantly monitored so that their values are always within the optimal range.

· Temperature is a fundamental parameter for composting. Small variations in temperature can affect the microbial activity of biomass and can be more influential than small changes in moisture and pH. The temperature increase during the composting process occurs due to the occurrence of exothermic reactions associated with the respiratory metabolism of microorganisms. There is a reciprocal relationship between temperature and oxygen consumption. The higher the temperature, the higher the oxygen consumption, and therefore the faster the decomposition. The rise and fall of temperature during the composting process depends on the material being composted, the composting method, and the availability of water that cools the composted material by evaporation. The large amount of heat causes the temperature in the compost pile to increase, and therefore temperatures can reach values above 70 °C. Extremely high temperatures can slow down microbial growth, and therefore the composting process, i.e. the decomposition of organic matter. The optimal temperatures for composting are between 45 °C and 60 °C. If the temperature is lower than 20 °C, the reproduction of microorganisms stops, and the decomposition process slows down. Carbon and nitrogen ratio: Carbon and nitrogen are components of organic waste that can significantly affect the composting process if they are present in insufficient or excessive amounts. The ratio of these two elements in organic waste should be approximately 30 parts carbon to 1 part nitrogen.
· Particle size: Microbiological activity occurs on the surface of the particles of the composting material. The optimal particle size is in the range of 0.5–30 mm. A relatively small initial particle size contributes to rapid decomposition by providing a larger surface area for microbial activity. The surface area of the composting material can be increased by chopping it into smaller pieces. Increasing the surface area allows microorganisms to decompose more material, multiply faster and generate more heat. The smaller particles there are, the greater the biological activity and the rate of composting.
· Oxygen concentration: Microorganisms require oxygen to break down organic matter. Without sufficient oxygen, the number of microorganisms will decrease, and anaerobic microorganisms will take their place, which is the case when the oxygen concentration in the air falls below 5 to 15%. Oxygen can be provided by stirring and turning the pile.
· Moisture content: Moisture is also a factor that affects microbiological activity because it plays an important role in the metabolism of microorganisms and indirectly participates in the supply of oxygen to the material. The optimal moisture content is between 40% and 60% because microorganisms can only use organic molecules that are dissolved in water. A moisture content between 40% and 60% provides the appropriate humidity without preventing aeration. If the moisture content falls below 40%, bacterial activity will slow down and will stop completely if it falls below 15%. On the other hand, if the moisture content exceeds 60%, nutrients are washed out, the air volume is reduced, an unpleasant odour is created, and the decomposition process itself slows down. When this condition occurs, the pile should be stirred.
· pH: Bacteria thrive in a pH range between 6 and 7.5. Fungi have a slightly wider range of optimal activity than bacteria, between 5.5 and 8. If the pH drops below 6, microorganisms (especially bacteria) die, and decomposition slows down. When the pH reaches 9, nitrogen is converted to ammonia and becomes unavailable to organisms, thus also slowing down decomposition. The highest decomposition activity occurs at a pH between 5.5 and 9. If the pH is low at the end of the process, this may be a sign that the compost is not fully mature.

Compost is made by stacking plant and animal matter in piles of various sizes and leaving it to ferment naturally, with occasional addition of water, stirring, and adding lime, etc. The place where compost is prepared must be sheltered from the wind and in the shade. In the sun, organic waste dries quickly, the bacteria involved in composting die quickly, and the organic mass remains unchanged for a long time.
When composting, it is necessary to pay attention to the health of the plant mass and the possible presence of weed plants with formed seeds. Some plant disease pathogens and weed seeds can survive even under relatively high temperatures. Using such compost may later cause plant disease and weed problems. During fermentation, care must be taken to ensure the compaction of the material. Compacted and overly wet material initiates the work of anaerobic microorganisms that cause rotting of organic matter. For faster composting (4-6 weeks), the mounds should be lower (50 cm) and the plant residues chopped. Chopped nettle, horsetail, stone flour, bio composter or appropriate biological preparations (based on silicon, cow dung, chamomile, oak bark, dandelion, valerian) are added to the plant residues, the goal of which is faster and better composting. Composting involves crushing or grinding the material so that as much of it as possible is in contact with air and water. Different types of mechanical crushers and shredders can be used for this purpose. Shredded biowaste mixes better and ferments faster. In the pile, waste granulation after grinding should be from 5 to 30 mm, depending on the type of input raw material. In the composting area, the material is mixed with a certain amount of larger granulation material to make the mixture porous and allow oxygen to flow in. The crushing also mixes the different components to obtain a homogeneous mass for composting. The next step is to mix different types of organic waste, which results in a better carbon/nitrogen ratio and porosity. Bacteria in composting piles are aerobic (require oxygen). Optimal conditions are for 35 to 50% air to penetrate the pile, i.e. the pile is looser. Composting takes place in three stages.

1) Raw material preparation: Involves the separation of inert materials (glass, plastic, metals, etc.), followed by crushing and mixing to improve microbiological activity, mass structure, and moisture content for successful composting.
2) Composting process: Biodegradable waste with sufficient moisture and oxygen represents an ideal environment for the development of bacteria and fungi that begin the process of decomposition of organic material. Microorganisms that participate in this process take moisture, oxygen from the air and food from organic material. The final products of composting are carbon dioxide, water, minerals and stabilised organic matter (compost). Part of the released energy is used for the growth and movement of microorganisms, while the rest is released as heat. For the quality of the process, constant mixing of the waste is necessary because microorganisms are extremely sensitive to changes in living conditions. Lack of oxygen causes their death, and thus the cessation of aerobic biological processes with the appearance of unpleasant odours. In addition to oxygen, the water content is a decisive factor for the development of biological processes. Optimal humidity will accelerate the decomposition of organic waste, while excessive water content will hinder air flow and the death of aerobic microorganisms. The composting process produces organic acids that affect the reproductive activity of microorganisms. Therefore, a certain amount (2%-3%) of lime or plant ash is added during composting to reduce acidity.
3) Compost maturation: The final stage of composting. Compost maturation depends mostly on the fineness and chemical composition of the starting material, as well as on care method. If the pile is turned over occasionally, decomposition and maturation are accelerated, but losses are also greater. Adding mineral phosphorus fertilisers can improve compost maturation.

The composting process can be carried out in simple environments and in much more complex systems, i.e. under strictly controlled conditions. The most used composting methods are passive piles, in-line piles, static piles with forced aeration and closed systems. Simple composting can take place in a composter or outdoors in piles. This composting type can be practised in most household yards, in a self-made composting bin or on an open pile. There are also several types of commercial composting bins, which differ in complexity and price. Composters are commercially available in various sizes from 75 to 400 litters and are of different types (wooden or metal composter, with one, two, or three compartments, with rotating elements, etc.).
Composters made from recyclable (certified) plastic are also available in the European Union, which contributes to meeting the goals of the circular economy. The composting site should be dry and located in a utility yard. The area occupied by the composting site depends on the amount of organic waste. The minimum area required is 3-4 m2. Composting in piles is the simplest and cheapest method. Two piles are prepared. The first pile is temporary, and waste is placed on it daily (or as needed). This pile is necessarily sprinkled with lime and mixed with biodegradable waste and finally covered with a thin layer of soil to neutralise unpleasant odours. The pile stacked in this way is occasionally stirred for aeration. After 3 months, the waste collected in this way is transferred to another, so-called permanent pile for maturation. The compost that is in the maturation phase on the permanent pile is occasionally stirred and the moisture and air conditions checked. You should never mix existing compost that is in an advanced stage of maturation with new material. After 6 to 12 months, high-quality and natural organic fertiliser is created from organic waste.

Table 2: Possible problems with composting and how to solve them
	Condition
	Cause
	Solution

	Mold appears.
	Self-heating of compost and stopping the activity of microorganisms.
	Shake, moisten, add a new amount of fresh material. Re-form the pile.

	The compost is too wet, lacks oxygen, smells of rot, and is brown, black in colour.
	Long rainy season on uncovered compost, too soft, wet material.
	Shake, add dry materials (chopped wood, dry leaves, straw) and a little mature compost.

	Incomplete fermentation (locally dry compost, compost fauna collected in one place).
	Too much dry woody material.
	Shake, add freshly chopped leftovers, mix well and form a pile again.

	Unpleasant smell (lack of oxygen, very wet in places).
	A large proportion of fresh, wet, nitrogen-rich material. Anaerobic microorganisms develop.
	Shake, add dry material, mix well, form a pile.

	Alternating wet-dry parts, mouldy and without fermentation.
	The compost is not well mixed when forming the pile and is not well maintained.
	Regularly check the condition of the compost.

	in the compost pile, especially in the summer.
	Fresh fruit whose fermentation attracts fruit flies.
	the biowaste with lime and cover with a layer of soil.



Composting in rows with periodic turning is a method that is widely used for composting municipal waste due to its ease of management. This method is characterised by piles that are generally constructed as elongated rows placed in rows. These piles are most effective at heights of 1.5 to 1.8 m. The height of the piles varies depending on the raw material (waste), season, local climate, and equipment used for turning. The width of the piles is usually twice the height. Often the dimensions of the pile are determined by the size of the turning equipment. The piles are frequently turned to ensure optimal conditions, primarily optimal oxygen levels. Composting on land is a variation of the previously described method. This method of obtaining compost is suitable for SMEs engaged in agricultural production and product processing. At the site planned for composting, a layer of soil is removed to a depth of 8-10 cm, a width of 1.5 m, and the required length. Plant material is spread evenly at a height of 15 cm (grass, clover, various vegetable processing waste, straw, hay, etc). The biodegradable waste is then covered with manure to a height of up to 5 cm. It is good to spread a layer of crushed limestone to neutralise excess acids. After that, a layer of soil is sprinkled to a height of up to 1.5 cm.

The above sequence continues to the top. The top is covered with a 10-15 cm thick layer of soil. The pile is left to rest for 3-4 weeks when it is dug up and mixed and re-formed. Maturation continues for the next 5 weeks. It takes about six months to obtain the final form of compost. Static piles with forced aeration represent a relatively high-tech approach that can be used for composting organic waste separated from municipal and garden waste. This method involves placing perforated pipes below the surface of the space where the biodegradable waste is located. Air is pumped or drawn in by fans, which in this way supplies the compost material with optimal levels of oxygen. The time required to obtain finished compost with this method is from 3-6 months. Closed composting systems represent the application of high technology used for composting in completely closed systems. All parameters are controlled mechanically and, as with most closed systems, are fully automated. These systems are very rarely used for composting garden waste because they are difficult to control. On the other hand, more plants are opting for closed systems for composting municipal waste. Depending on the type and amount of composted material and the composting conditions, compost is produced from biodegradable waste in 6 months to 1 year. Compost can be used fully mature (around 12 months old) or fresh (2-6 months old). Fresh compost contains a lot of unprocessed plant matter and can be used as a complete fertiliser and soil cover for growing plants that require a large amount of nutrients for growth (pesticide-free crop production). Mature compost has a characteristic smell of forest soil, is uniform in appearance and structure, and is dark brown to black in colour. The initial biomaterial is not recognisable in it, except for some parts that are more difficult to decompose (fruit pits, nut shells). Immature compost has a sour, mushroom-like smell, and undecomposed plant parts are easily recognized. Mature compost improves the structure and microbiological activity in the soil and can therefore be used as a fertiliser or as a means of improving soil quality. It is best to introduce it when planting and digging crops, thus mixing it with a shallow layer of soil. If compost is used for growing potted crops, it must be mixed in equal proportions with the soil. Industrial composting of larger quantities of waste requires the use of special machines and devices to process large quantities of organic waste into high-quality organic fertiliser for the market. Waste for composting is first deposited in a temporary area and later arranged in the form of a three-sided prism, or conical pile, up to 30 m long, 3 m wide and 1.5 -1.8 m high. These piles are formed using special equipment. The working area for composting is about 500 m 2 and is sufficient to compost about 160 m 3 of waste and to allow the movement of vehicles and equipment. Composting machines automate the process and reduce the need for manual labour, significantly reducing the time needed for compost maturation. Industrial composting is carried out in accordance with regulations, and this type of composting requires a permit from the competent authority.

Illustration 1: Technological line for composting
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Key EU directives in the field of waste management require Member States to meet certain targets for recycling materials, separate collection of bio-waste and diversion of biodegradable waste from landfills. Candidate countries for full EU membership, such as Serbia and North Macedonia, must take these targets into account.
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Infographics:
https://www.freepik.com/free-vector/compost-cycle-concept-illustration_24372235.htm

Composting process:
https://www.youtube.com/watch?v=7VSPdH7TtkU
https://www.youtube.com/watch?v=pgv-lHy9hBA
	[image: A logo of a company

Description automatically generated][image: A blue text on a white background

Description automatically generated]
	[image: ]
	[image: Blue text on a black background

Description automatically generated]



7

image3.png
MatiumHa 3a
npocejaBatbe

0 B = =

MatumHa 3a
Melliatbe
OKpeTatbe
KommocTa

OpraHckn Ceukanuua
otnaz, Apo6unuua

KOMMOCT
vV Vv .





image1.jpeg
L 8




image2.jpeg
L 8




image4.png
The Green Way




image5.png




image6.png
Centar za razvoj Jablanickog
y’ i Péinjskog okruga




image7.png




image8.png
:'": Co-funded by
LI the European Union




