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1 Material that originates from the production or converting of resins (process scrap, e.g. start-up, shut-down, rejects, trimmings, etc.) and is fed back to the production process.
2 PlasticsEurope, Plastics-the Facts, Brussels 2010.
3 Feedstock recycling means the conversion to monomers or production of new raw materials by changing the chemical structure of plastics waste through cracking, gasification or depolymerization, excluding energy recovery 
and incineration.

1. DeScRiPTiOn OF TechnOlOgy

Mechanical Recycling is a method by which waste materials are recycled 

into “new” (secondary) raw materials without changing the basic structure 

of the material. It is also known as material recycling, material recovery or, 

related to plastics, back-to-plastics recycling.

Post consumer plastic waste can be a very inhomogeneous and potentially 

contaminated waste fraction. It can consist of a huge range of material 

types, the shape and size of the material ranges widely, and in many cases 

the input material is composed of different material types (e.g. multilayer 

films or composite items). The input material passes extensive manual or 

automated mechanical sorting processes in specialised facilities, designed to 

separate the different material streams. The proper identification of materials 

is essential for achieving a maximised purity of recyclates. For this purpose, 

various technologies such as Near Infrared Spectroscopy, laser or x-ray 

techniques are available. After cleaning and grinding processes, the material 

is recovered by remelting and regranulating. The resulting recyclates can be 

processed with all common technologies of plastics conversion.

2. cURRenT DiSTRiBUTiOn anD PROSPecTiVe OF TechnOlOgy

Mechanical recycling is a well-established technology for the material 

recovery of conventional plastics (e.g. PP, PE, PET, PS). Its main advantage 

is that part of the resources consumed for the production of the plastic 

materials is not wasted, but preserved for a use in the same, similar or 

different application.

In plastics recycling, the handling of pre-consumer (post-industrial) mate-

rial and of post-consumer material need to be distinguished. In principle, 

the technology of mechanical recycling is applicable to both bio-based  

conventional plastic and to most grades of biodegradable plastics. In 

particular, the in-house recycling of mono-material scraps1  is practiced in 

many cases both for conventional plastics and for bioplastics.

According to PlasticsEurope, in Europe on average 22,5% of post-con-

sumer plastics waste were recycled in 20092. This figure covers the overall  

material recycling (both mechanical recycling and feedstock recycling3). 

With further efforts for waste collection and treatment systems in Europe, 

the volume of recycled and recoverd plastics waste should increase. Also, 

the legal framework will most likely pose new requirements to the industry 

to extend the share of recycling and recovery over time. 

Mechanical recycling of products and packaging made from bioplastics is 

possible from a technical point of view. As a matter of fact, in house and 

post-industrial waste is normally recycled using conventional techniques. 

Products made with biobased equivalents of conventional polymers do not 

differ from fossil based products when it comes to mechanical recycling. 

Other innovative biopolymers can be also recovered with mechanical 

recycling, especially when sufficient volumes of homogenous waste mate-

rial streams are available, either through separate collection or through 

sorting routines.

Certified biodegradable products that are intentionally designed to be 

recovered by means of organic recycling are expected to be treated in 

composting plants or anaerobic digestors. Mechanical recycling is usually 

not the proper recovery option for these materials.
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4 Treatment according to the LFD means "the physical, thermal, chemical or biological processes, including 
sorting, that change the characteristics of the waste in order to reduce its volume or hazardous nature, facilitate 
its handling or enhance recovery".
5 Waste Framework Directive 2008/98/EC, Article 3; see the full text in chapter 9 / references
6 Waste Framework Directive 2008/98/EC, Article 11; see the full text in chapter 9 / references.
7 European Parliament and Council Directive 94/62/EC on packaging and packaging waste; last amended by 
Directive 2005/20/EC on 9. March 2005.

8 The standards are listed in the section “References”.
9 The recycling code serves the identification of different materials for the purpose to simplify the recognition of 
the polymer for ease of recycling. The number identifies the material, and oftenly the abbreviation of the material 
group is given in addition.

4. STanDaRDS, ceRTiFicaTiOn anD laBelling

The standardisation of recycled plastics largely has been driven by the 

Packaging and Packaging Waste Directive 94/62/EC (PPWD)7. It requires 

that member states ensure that packaging complies with ”essential requi-
rements” (laid down in Annexe II) which have been “translated” into stan-

dards by CEN. One of them, EN 13430, covers the requirements relating to 

the material recovery of packaging.

Plastic recyclates are dealt with by the standards of the EN 1534x se-

ries.8 These standards define minimum quality criteria of recycled plastics 

made of PE, PP, PS, PVC and PET. There are no specific requirements for 

bioplastics.

Biobased equivalents of conventional polymers will use the existing corre-

sponding code (e.g. biobased LDPE will still use code “4”). For all the other 

bioplastics, specific recycling codes do not yet exist9. These are therefore 

labelled with the code "07" for "other plastics". From a technical point, 

this type of material identification is becoming much less important for 

recyclers due to the increasing use of automated sorting (e.g. with near-

infrared technology).

 

The conformity with the above mentioned standards so far is not item to 

certification. The companies themselves are responsible to meet the stan-

dards.

3. RegUlaTORy FRaMeWORK
In the European Union, the legal framework for mechanical recycling is laid 

down in the Waste Framework Directive 2008/98/EC (WFD), the Packaging 

and Packaging Waste Directive 94/62/EC (PPWD) and the Landfill Directive 

1999/31/EC (indirectly). 

 The Landfill Directive foresees that only treated waste4 ends up in 

 landfills (Article 6 a). This means that waste has to be recycled,  

 organically recovered or incinerated before the residues are allowed to  

 be landfilled.

 The Directive 2008/98/EC (WFD) generally ranks recycling5 higher 

 than other types of recovery (e.g. energy recovery). It stipulates a 

 separate collection of, amongst others, plastics by 2015 and a quota  

 of 50% for the recycling or reuse of waste materials from households  

 by 2020.6

 According to the PPWD, as of now, a quota of 22.5 % (by weight) of  

 the plastics packaging waste has to be recycled back to plastics.

Despite this uniform and European wide legislation, the infrastructures and 

available capacities for material recovery of post-consumer plastics vary 

enormously from member state to member state: from “just getting star-

ted” to “well established with sufficient capacities”. 
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5. inTeRacTiOnS BeTWeen BiOPlaSTicS anD TechnOlOgy
In various countries, plastics collection and recycling systems are in place, 

focussing mainly on the major plastics with high volumes such as PE, PET, 

PP and PS. Besides these, there is a wide range of post consumer plastics, 

which are not being recycled because of their low volume or complexity 

(multilayer films, blends, composite items). While bio-based equivalents 

of conventional plastics can enter into established systems of mechanical 

recycling, other types of bioplastics can be integrated depending on the 

economy of scale.

The waste management systems need to be optimised taking into account 

the local infrastructures for collection and recycling, local and regional re-

gulations, the total volume on the market and the composition of waste 

streams. 

But there are general rules - applying to conventional as well as to bioplas-

tics - to be taken into account:

a) Material properties 

Due to their individual chemical structure, some kinds of bioplastics are 

better suited for mechanical recycling than others. What effects the me-

chanical recycling process will have on the required properties of a certain 

polymer (or on given mixtures of polymers) under real life conditions (e.g. 

post consumer material) is best answered by practical experience.

b) Compatibility 

Whenever different kinds of plastics products are recycled (be it conventi-

onal or biopolymers), the challenge of potential incompatibilities between 

individual polymers has to be considered. That is why a maximum of uni-

formity of the processed material stream needs to be achieved.

c) Economical viability

With the implementation of near infrared scanning methods in the sorting 

of post consumer plastics, the detection of bioplastic types and its for-

warding to specified material streams is possible and will lead to a level 

of purity of recyclates which is uncritical for the majority of applications. 

Mechanical recycling of plastics is to a lesser extent a question of technical 

feasibility but more a question of economical viability.

Preconditions for establishing mechanical recycling of bioplastics

 the amount of bioplastics in the recycling stream is growing to a level  

 that justifies additional investments by the recycling industry

 the development of markets for the resulting secondary raw materials  

 (closing material cycles)

6. BeneFiTS anD challengeS

6.1   Benefits

Many studies for traditional plastics show that there is no general ‘best re-

cycling process’ from an economic or ecological perspective. The same will 

certainly apply to bio-based and/or biodegradable polymers. The feasibility 

of mechanical recycling depends on the quantity as well as the quality of 

the materials to be re-cycled.

 material recycling of bioplastics is successfully applied for post- 

 industrial plastics

 the value of the polymer synthesis with regard to energy and other 

 resource intake is preserved

 mechanical recycling allows for multiple lifecycles of a given plastic
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10 Domestic Mixed Plastics Packaging Waste Options, Final Project Report, WRAP, June 2008.
11 Bericht Recycling und Kompostierung von Biopolymeren; Zusammenfassung zu den HTL Diplomarbeiten Recycling und Kompostierung von Biopolymeren im Auftrag von ÖKK GmbH – durchgeführt am TGM im Schuljahr 
2007/08 von DI (FH) Klemens Reitinger MSc (May 2008).

7.1   Sorting

The following challenges also apply to other new and small volume poly-

mers entering the market. Mechanical recycling of post consumer plastics 

waste requires appropriate collection and sorting systems for clean and 

homogenous waste streams.

 bioplastics adds to the complexity of sorting processes by increasing  

 the number of material types in the post consumer waste stream

 the adaption of existing equipment for plastics recycling might require  

 additional investments

7. SUcceSSFUl caSeS

Existing sorting systems have been adapted to effectively identify and sort 

PLA before forwarding it to material recycling.These systems use various 

technologies such as near-infrared, ultraviolet, x-ray, laser, polarized light, 

fluorescent light, electrostatic, melt point and other sorting techniques.

According to a mixed plastics recycling study conducted by Waste & Re-

sources Action Program (WRAP), "NIR (near-infrared) systems can effec-

tively remove PLA bioplastic and carton board from a mixed packaging 

stream."10 This is illustrated in Table 1.

NIR-units are widely used in Europe for sorting bottles. They are state of the 

art in Germany for sorting mixed post consumer light-weight packaging. 

NIR systems can be programmed to identify new polymers or variations of 

polymers. This function was utilized to identify PLA within the streams and 

successfully eject it from the mixed plastics fraction.

A recent report11 prepared by the Higher Technical Education Institute 

(HTEI) in Vienna showed that in automatic sorting plants, bio-plastics can 

be detected as “Non-PET”. 

6.2   Challenges

Polymer PP PE PET PS PVS PLA Throughput

Purity Achieved* 96% 94% 94% 87% 93% 97% 3tph 
*Representative output purity for NIR Sorting

Table 1. Output purity for whole item Near Infra Red (NIR) sorting
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8. ReFeRenceS

8.1   Waste framework Directive, 2008/98/EC, Article 3: Definitions

The waste framework directive defines recycling as follows: "17. ‘recycling’ 

means any recovery operation by which waste materials are reprocessed 

into products, materials or substances whether for the original or other 

purposes. It includes the reprocessing of organic material but does not 

include energy recovery and the reprocessing into materials that are to be 

used as fuels or for backfilling operations”.

8.2   Waste framework Directive, 2008/98/EC, Article 11: Re-use and 

recycling
"1. Member States shall take measures, as appropriate, to promote the 

re-use of products and preparing for re-use activities, notably by encou-

raging the establishment and support of re-use and repair networks, the 

use of economic instruments, procurement criteria, quantitative objectives 

or other measures.

Member States shall take measures to promote high quality recycling and, 

to this end, shall set up separate collections of waste where technically, 

environmentally and economically practicable and appropriate to meet the 

necessary quality standards for the relevant recycling sectors.

Subject to Article 10(2), by 2015 separate collection shall be set up for at 

least the following: paper, metal, plastic and glass.

2. In order to comply with the objectives of this Directive, and move to-

wards a European recycling society with a high level of resource efficiency, 

Member States shall take the necessary measures designed to achieve 

the following targets:

(a) by 2020, the preparing for re-use and the recycling of waste materi-

als such as at least paper, metal, plastic and glass from households and 

possibly from other origins as far as these waste streams are similar to 

waste from households, shall be increased to a minimum of overall 50 % 

by weight;

(b) by 2020, the preparing for re-use, recycling and other material recovery, 

including backfilling operations using waste to substitute other materials, 

of non-hazardous construction and demolition waste excluding naturally 

occurring material defined in category 17 05 04 in the list of waste shall 

be increased to a minimum of 70 % by weight."

8.3   Sorting with NIR-technology

The Material is spread out on a conveyor belt and fed underneath an iden-

tification sensor. This sensor uses an infrared beam to identify the plastic 

type by recognizing a light intensity reading which is unique for each poly-

mer. The unit then triggers air nozzles which separate the selected mate-

rials as programmed. The units are capable of sorting PP, PE, PET, PS and 

PVC, and can also be programmed to identify biopolymers, carton board 

and metals. 
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8.4   Relevant Standards for Recycling

EN 15342 Plastics - Recycled Plastics

 Characterization of polystyrene (PS) recyclates

EN 15343 Plastics - Recycled Plastics

 Plastics recycling traceability and assessment of conformity and  

 recycled content

EN 15344 Plastics - Recycled Plastics

 Characterisation of Polyethylene (PE) recyclates

EN 15345 Plastics - Recycled Plastics 

 Characterisation of Polypropylene (PP) recyclates

EN 15346 Plastics - Recycled plastics 

 Characterisation of poly(vinyl chloride) (PVC) recyclates

EN 15347 Plastics - Recycled Plastics 

 Characterisation of plastics wastes

EN 15348 Plastics - Recycled plastics

 Characterization of polyethylene terephthalate (PET) 

 recyclates

EN 13432 Packaging

 Requirements for packaging recoverable through composting  

 and biodegradation - Test scheme and evaluation criteria for the  

 final acceptance of packaging


