Materials recovery technologies

1. Introduction

The recovery of materials from municipal solid waste at specific installations could be achieved by applying alternative methods and technologies, according to i. the type of solid waste that is subjected to sorting and ii. the types of materials that are foreseen to be recovered and further utilised. More information is provided in the following text. 
2. Materials recovery facility

A materials recovery facility or materials reclamation facility (MRF) is a specialized plant that receives, separates and prepares recyclable materials for marketing to end-user manufacturers. In general, there are two types of materials recovery facilities; clean and dirty MRF's.

Clean MRF

A clean MRF accepts recyclable mixed (commingled) materials that have been separated at source from municipal solid waste generated by either household or commercial sources (mainly using mixed recyclable materials bins). There are a variety of alternative clean MRF's. The most common are single stream where all recyclable material is mixed, or dual stream MRF's, where source-separated recyclables are delivered in a mixed container stream (typically glass, ferrous metal, aluminum and other non-ferrous metals, PET and HDPE plastics) and a mixed paper stream. Material is sorted to specifications, then baled, shredded, crushed or otherwise prepared for shipment to market.

Figure 1 presents a process diagram of a Material Recovery Facility which uses single stream technology to automatically sort the paper, plastic, cans and glass.


Figure 1: Diagram of MRF process
1: As incoming mixed recyclable materials is transferred along a conveyer belt, workers pull out manually, large items such as cardboard and plastic bags and deposit them into bins. At this stage, also, unusable materials are thrown away. 
2: The recyclables are led to a double-deck screening machine which separates newspapers, mixed paper and containers into separate streams. Material bounces over rows of square wheels spinning 1,000 times per minute. Blasts of air dislodge cans and bottles from newspapers. Gaps between rollers allow smaller items to fall onto conveyer belts. 
3: Workers again remove any trash and discard it, manually. 
4: Next is the trommel-mag, a large, rotating tube with small holes in the sides and an electromagnet at one end. Small items such as bottle caps fall through holes. Then, the electromagnet separates tin cans. The remaining recyclable materials pass through the air classifier, where a powerful fan blows lightweight aluminum and plastic onto one conveyer, and heavier glass material onto another. Workers sort glass and plastics. 
5: An electromagnetic device diverts aluminum cans into a storage bin. 

The percentage of residuals (unrecoverable recyclable or non-program materials) from a properly operated clean MRF supported by an effective public outreach and education program should not exceed 10% by weight of the total delivered stream and in many cases it can be significantly below 5%.
Dirty MRF

A dirty MRF accepts a mixed solid waste stream and then proceeds to separate out designated recyclable materials through a combination of manual and mechanical sorting. The sorted recyclable materials may undergo further processing required to meet technical specifications established by end-markets while the remaining quantity of the mixed waste stream is sent to a disposal facility such as a landfill. A dirty MRF recovers between 5% and 45% of the incoming material as recyclables. 

3. Mechanical biological treatment

A mechanical biological treatment system is a form of waste processing facility that combines a sorting facility with a form of biological treatment such as composting or anaerobic digestion. MBT plants are designed to process mixed household waste as well as commercial and industrial wastes.

Figure 2 presents a process diagram of a Mechanical Biological Treatment facility
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Figure 2: A process diagram of Mechanical Biological Treatment facility

Mechanical sorting component 

The "mechanical" element is usually an automated mechanical sorting stage. This either removes recyclable elements from a mixed waste stream (such as metals, plastics, glass and paper) or processes them. It typically involves conveyors, industrial magnets, eddy current separators, trommels, shredders and other systems, or the sorting is made by hand. The mechanical element has a number of similarities to a materials recovery facility (MRF). 

Some systems integrate a wet MRF to recover and wash the recyclable elements of the waste in a form that can be sent for recycling. MBT can alternatively process the waste to produce a high calorific fuel byproduct called refuse derived fuel (RDF). RDF can be used in cement kilns or power plants and is generally made up from plastics and paper. 
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Figure 3: Schematic presentation of inputs and outputs of a typical mechanical sorting component
Biological processing compartment

The "biological" element includes the biological treatment of the sorted biodegradable organic materials and it refers to either:

· Aerobic treatment (composting)

· Anaerobic digestion 

· Biodrying 

By applying composting, the organic materials are treated with aerobic microorganisms. The microorganisms break down the organic compounds into carbon dioxide and a stabilized solid end product (compost). 

Anaerobic digestion breaks down the biodegradable organics to produce biogas (mainly methane) and a stabilized solid end product which has similar characteristics and potential applications with compost. The biogas can be used, after cleaning, to generate electricity and heat.

In the case of biodrying, the waste material undergoes a period of rapid heating through the action of aerobic microbes. During this partial composting stage the heat generated by the microbes result in rapid drying of the waste. These systems are often configured to produce a refuse-derived fuel where a dry, light material is advantageous for later transport combustion.

Some systems incorporate both anaerobic digestion and composting. This may either take the form of a full anaerobic digestion phase, followed by the maturation (composting) of the digestate. Alternatively a partial anaerobic digestion phase can be induced on water that is percolated through the raw waste, dissolving the readily available carbohydrates, with the remaining material being sent to a windrow composting facility.

By processing the biodegradable waste either by anaerobic digestion or by composting MBT technologies help to reduce the contribution of greenhouse gases to global warming.

Products of the MBT facility:

The products of the Mechanical Biological Treatment technology are:
· Recycable materials such as metals, paper, plastics, glass etc.
· Unusable materials (inert materials) prepared for their safe final disposal to sanitary landfill
· Biogas (in the case of the anaerobic digestion)
· Organic stabilized end product 
· High calorific fraction (refuse derived fuel – RDF) 

MBT systems can form an integral part of a region's waste treatment infrastructure. These systems are typically integrated with curbside collection schemes. In the event that a refuse-derived fuel is produced as a by-product then a combustion facility would be required. Alternatively MBT practices can diminish the need for home separation and curbside collection of recyclable elements of waste. This gives the ability of local authorities and councils to reduce the use of waste vehicles on the roads and keep recycling rates high. 
