
 

Final Report 

MRF Quality Assessment Study 

 

Material quality assessment of municipal MRFs within the UK 

 
 
Project code: MRF011 ISBN: [Add reference]  
Research date: Nov 2008 – June 2009 Date: November 2009 
 



 

 

WRAP helps individuals, businesses and 
local authorities to reduce waste and 
recycle more, making better use of 
resources and helping to tackle climate 
change. 

Written by: Enviros Consulting 
 

 

 
Front cover photography: Manual Picking © Enviros 2009 
 
WRAP and Enviros Consulting Ltd believe the content of this report to be correct as at the date of writing. However, factors such as prices, levels of recycled content and 
regulatory requirements are subject to change and users of the report should check with their suppliers to confirm the current situation. In addition, care should be taken 
in using any of the cost information provided as it is based upon numerous project-specific assumptions (such as scale, location, tender context, etc.). 
The report does not claim to be exhaustive, nor does it claim to cover all relevant products and specifications available on the market. While steps have been taken to 
ensure accuracy, WRAP cannot accept responsibility or be held liable to any person for any loss or damage arising out of or in connection with this information being 
inaccurate, incomplete or misleading. It is the responsibility of the potential user of a material or product to consult with the supplier or manufacturer and ascertain 
whether a particular product will satisfy their specific requirements.  The listing or featuring of a particular product or company does not constitute an endorsement by 
WRAP and WRAP cannot guarantee the performance of individual products or materials. This material is copyrighted.  It may be reproduced free of charge subject to the 
material being accurate and not used in a misleading context.  The source of the material must be identified and the copyright status acknowledged.  This material must 
not be used to endorse or used to suggest WRAP’s endorsement of a commercial product or service.  For more detail, please refer to WRAP’s Terms & Conditions on its 
web site: www.wrap.org.uk  

 



 

MRF Quality Assessment Study   3 
 

Executive Summary 
Enviros were commissioned by WRAP to undertake a nationwide (England, Wales and Northern Ireland) 
assessment of the composition and quality of material currently being sent to MRFs and the associated quality of 
material then sent to reprocessors. In all 17 MRFs were included in the survey. A parallel project was 
commissioned, with Resource Futures, for Scotland which recruited 1 MRF.  All numbers and analysis in this 
report cover all 18 sampled MRFs. 
 
The aim of these projects was to provide robust data on the composition of input, output and residual waste 
material at MRFs to provide information on the quality of material processed at MRFs and inform the waste 
management industry on current material quality benchmark thresholds. 
 
A range (upper, lower and median) of contamination was identified for the input and each output material: 
 lower level – 25th percentile bound, meaning that one quarter of the MRF contamination was at this level or 

below i.e. achieving this level of average contamination or better is very good in comparison to the rest of the 
sector; 

 middle level – 50% (or half) of the average output from MRF samples were in this range i.e. achieving this 
level of contamination is on average comparable with the sector; and 

 upper level – 75th percentile bound, meaning that one quarter of the MRF contamination was at this level or 
higher i.e. achieving this level of average contamination or higher is poor in comparison to the rest of the 
sector. 

Basically, the MRFs with the lowest material contamination are shown in the lower level range. The 18 MRFs 
consisted of 13 single-stream MRFs and 5 twin-stream MRFs. 
 
The analysis of these ranges can be done from two perspectives; that of comparing all the 4,676 individual 
samples taken; or that of comparing the average results for each of the 18 MRFs. The use of the individual 
samples may skew the ranges by allowing more weight to unusually good or bad MRFs, whereas the comparison 
of overall MRF figures is perhaps more realistic for benchmarking.  For this report all analysis is carried out on 
MRF averages, with no data removed as sample sizes are low for some material streams. 
 
The table below gives a quick and easy-to-use benchmarking comparison for MRFs. More detail on these ranges 
is given in the main body of this report, in particular MRF type breakdowns are given for output materials. 

Benchmarking ranges based on MRF average contamination figures 

Material Stream Lower 
Level Median Level Upper 

Level 

Input Material All    
 All < 6.4%  6.4%  to 17.5% > 17.5% 
 Single-stream < 8.4%  8.4%  to 17.5% > 17.5% 
 Twin-stream – Fibre based < 2.9%  2.9%  to 9.0% > 9.0% 
 Twin-stream – Container based < 4.9%  4.9%  to 22.6% > 22.6% 
Output Material    
 Aluminium  < 0.9%  0.9%  to 4.6% > 4.6% 
 Steel  < 2.8%  2.8%  to 7.1% > 7.1% 
 News and PAM <4.6%  4.6%  to 15.0% > 15.0% 
 Mixed Paper < 3.2%  3.2%  to 25.3% > 25.3% 
 Card < 4.8%  4.8%  to 12.0% > 12.0% 
 Mixed Plastic < 6.9%  6.9%  to 26.6% > 26.6% 
 Mixed Plastic bottles < 8.3%  8.3%  to 16.2% > 16.2% 
 HDPE Coloured Plastic Bottles < 6.9%  6.9%  to 11.3% > 11.3% 
 HDPE Natural Plastic Bottles < 1.9%  1.9%  to 4.0% > 4.0% 
 PET Clear <2.6%  2.6%  to 9.5% > 9.5% 
 PET Coloured < 5.6%  5.6%  to 10.7% > 10.7% 
Residual (contamination is targeted 
material) 

   

 All < 28.3% 28.3% to 80.9% > 80.9% 
 Single-stream  < 24.7% 24.7% to 61.7% > 61.7% 
 Twin-stream – Fibre based < 33.0% 33.0% to 59.2% > 59.2% 
 Twin-stream – Container based < 72.2% 72.2% to 88.0% > 88.0% 
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1.0 Introduction 
 
1.1 Background 
Enviros were commissioned by WRAP to undertake a nationwide (England, Wales and Northern Ireland) 
assessment of the composition and quality of material currently being sent to MRFs and the associated quality of 
material then sent to reprocessors. In all 17 MRFs were included in the survey. A parallel project was 
commissioned, with Resource Futures, for Scotland which recruited 1 MRF.  All numbers and analysis in this 
report cover all 18 sampled MRFs. 
 
This report is for MRF benchmarking and analyses the average figures for each of the 18 MRFs. As some material 
streams are only targeted by a small number of the MRFs no outlying figures have been excluded so as to 
maintain as much comparable data as possible.   
 
1.2 Aims and objectives  
The aim of these projects was to provide robust data on the composition of input, output and residual waste 
material at MRFs across England, Wales, Northern Ireland and Scotland. The data provides information on the 
quality of material processed at MRFs and can be used to inform the waste management industry on current 
material contaminant levels. There were six main project objectives: 
1 recruiting and sampling at as many MRFs as possible; 
2 define appropriate MRF sector classifications; 
3 collate waste composition data on statistically representative samples of input, output and residual material; 
4 assess the variability in the composition of material samples across MRF sector classifications; 
5 identify a range (i.e. upper, lower and median) of contamination for input and each output material; and 
6 using the data collected update recommendations within the current WRAP MRF sampling guidance1 on the 

number and weight of samples required to ensure a robust ongoing monitoring regime.  
 
This report is intended to provide summary responses to all of these objectives. It is not the intention of this 
report to comment or recommend that any particular MRF technology, design or configuration produces a 
particular quality of output material or separation performance. 
 
For simplicity, there are a number of abbreviations used in the charts and tables presented throughout this 
report. A list of these abbreviations is in Appendix 1. 
 
1.3 Approach 
MRFs were selected through initial approaches from WRAP and final recruitment and confirmation from Enviros in 
England, Wales and Northern Ireland and Resource Futures in Scotland.  It was agreed that the MRFs would 
either be: trained in how to sample and then supported in the process, of which there were 8 MRFs; or the 
sorting would be carried out by an Enviros team, of which there were 10 MRFs. 

The sorting was carried out over intensive 5 to 10 day periods for the Enviros sort MRFs and over a more 
extended 2 or 3 month period for the self-sorting MRFs.  Each sample was hand sorted into 19 material 
categories on top of a 45mm sorting screen. Material that fell through the screen was classified as miscellaneous 
<45mm with the exception of samples of aluminium outputs and residual material where the material <45mm 
was sorted again into the same 19 material categories. 

The sample weights, numbers of samples and sorting screen size were all taken from the WRAP MRF sorting 
protocol document.  The definition of input, output and residual streams and the identification of sampling points 
was undertaken in conjunction with each MRF and WRAP.  

 

 
2.0 Sampling at as many MRFs as possible 
 
The number of MRFs included in the project has been maximised through rigorous recruitment and 
communication with the MRF operators and owners.  The final number taking part was 19% of the UK MRFs at 
18 out of 93.  
 

                                                     
1 Report on the conclusion of Phase 2: practical field trains of material sorting and sampling techniques (WRAP April 2008) 
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MRFs were unable to take part for a variety of practical and business reasons including space on the site (as the 
recyclate market was slow at the beginning of 2009) and limited staff resource.  There had been a hope that 
most MRFs would receive training and then carry out their own sorting, as this would add skills and experience 
into the MRF.  However the limited staff resource meant there were more ‘full-sort’ MRFs than ‘training’ MRFs.  
 
 
3.0 Classification of the MRFs 
 
A site visit was made once a MRF was recruited during which various details of the MRF were collected.  This 
included basic information on the configuration, confirmation on the type of input materials and target output 
materials as well as a health and safety assessment for on-site work.  The configuration information detailed the 
material handling and material separation technologies for the MRF. 
 
At the inception of the project it had been hoped that this information would allow the classification of the MRFs 
into clearly defined groups / sectors based upon the technology used. It soon became clear that various factors 
made this task impractical.  Firstly the fact that only 18 MRFs were included means that any range of classes 
would have little or no statistical validity. 
 
The second point is that the design and operation of a MRF is very specific to local operating conditions and 
contractual commitments. The original purpose of groups/sectors was to define them by factors that could restrict 
or influence the MRFs ability to affect material quality; whereas in fact any MRF can achieve any quality of 
material and the number of different combinations used to achieve this is too broad.  If we had standardised on 
the design and operation at the time of the visit the potential classes would have had so few MRFs in each that 
the grouped analysis would have given no advantage over individual analysis. 
 
The other area for classification looked at was in terms of materials processed.  The output materials of the MRFs 
are related to the inputs and this area did allow for one classification of MRFs by how the material was presented; 
as either a single input stream or two input streams. 
 

Figure 1 Single-stream (Type 1) input and material processing MRF arrangement  
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Residual 
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Figure 2 Twin-stream (Type 2) input and material processing MRF arrangement 
  

 
 
In a single-stream MRF the input material is presented in one co-mingled mix (Type 1).  In twin-stream MRFs 
there are two different co-mingled inputs, usually one of co-mingled fibres (paper, card etc) and one of 
containers (HDPE, PET bottles etc) (Type 2). Whilst theoretically both MRF types could achieve similar output 
material quality, the risk of cross contamination between fibre based materials and containers is likely to be less 
where  this material is collected separately rather than a single mix.  The 18 MRFs were split 13 of Type 1 and 5 
of Type 2. 
 
Overall the project agreed that the data report would manage the analysis by classification of MRFs by reviewing 
the material quality in the two types and across each anonymous MRF.  This report only considers the 
composition and material quality (i.e. level of contamination) across all MRFs sampled and then by the two 
classification types.  
 
 
4.0 Collect composition data from the MRFs 
 
4.1 How much waste? 
Around 272 tonnes of material was hand sorted over a 6 month period from a total of 18 MRFs. Around 115 
tonnes of material was sorted by 8 training MRFs and 157 tonnes of material was sorted by the Enviros project 
sorting team from 10 full sort MRFs.  In terms of MRF sector classification there was 190 tonnes of waste sorted 
from Type 1 (single input stream) and 82 tonnes of waste from Type 2 (two input streams). 
 
The 272 tonnes was made up of 85.7 tonnes of input material, 179.8 tonnes of output material and 6.6 tonnes of 
residual material.  Table 1 below shows these tonnages are broken down by MRF sector, sampling approach (i.e. 
training or full sort, and sample type. 
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Residual 

Output 
Materials 

Residual  

Output 
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Table 1 Quantity of material sampled 
 

Input  Outputs Residual Type Data 
Type Number 

of 
Samples 
Sorted  

Total 
Weight of 
Material 
Sorted 
(kg) 

Number 
of 
Samples 
Sorted  

Total 
Weight of 
Material 
Sorted 
(kg) 

Number 
of 
Samples 
Sorted  

Total 
Weight of 
Material 
Sorted 
(kg) 

Type 1 Full 40 4,210 190 9,413 10 264 
Type 1 Full  41 3,595 102 3,459 11 302 
Type 1 Training 40 4,017 202 10,543 10 315 
Type 1 Training 40 4,630 189 10,976 10 365 
Type 1 Training 44 4,684 239 13,718 11 444 
Type 1 Training 41 4,648 262 12,053 10 314 
Type 1 Full 40 4,531 270 14,069 10 334 
Type 1 Full 39 2,328 226 11,562 10 265 
Type 1 Full 40 4,160 230 13,231 10 418 
Type 1 Full 40 4,297 250 11,769 10 289 
Type 1 Full 40 3,874 264 13,432 10 614 
Type 1 Training 40 3,844 150 5,597 10 305 
Type 1 Training 37 2,621 91 4,740 6 188 
Type 1 training 242 24,444 1,133 57,627 57 1,931
Type 1 full sort 280 26,995 1,532 76,935 71 2,486
Type 1 sub total 522 51,439 2,665 134,562 128 4,417
Type 2 Training 80 7,087 170 5,577 10 188 
Type 2 Training 80 7,724 230 10,164 20 546 
Type 2 Full 40 4,594 190 10,177 10 329 
Type 2 Full 80 9,978 250 12,429 20 825 
Type 2 Full 40 4,918 131 6,874 10 321 
Type 2 training 160 14,811 400 15,741 30 734
Type 2 full sort 160 19,490 571 29,480 40 1,475
Type 2 sub total 320 34,301 971 45,221 70 2,209
    
Total training 402 39,255 1,533 73,368 87 2,665
Total full sort 440 46,485 2,103 106,415 111 3,961
Total 842 85,740 3,636 179,783 198 6,626
 
4.2 What type of sampling? 
The sampling for this project was based on understanding the contamination levels of the material streams at the 
MRFs.  So the sampling strategy at the MRFs was set to enable statistical validity of the contamination levels 
within the sample set.  The numbers and weights of samples were based on research undertaken by WRAP on a 
previous project.  There was no attempt to weight the sampling according to the throughput tonnage of each 
MRF or any observations around the relative balance of input in the two-streams of a Type 2 MRF.  Also, within 
any particular MRF, the sampling of each input, output and residual stream was carried out independently.  In 
essence this means that the figures quoted in this report around composition are valid and accurate but should 
not be used to scale up to a full material mass balance. 
 
4.3 What is the composition of the waste sampled? 
The following sections discuss the composition of the input, residual and output streams from the MRFs.  
Summary graphs and tables are presented in each section, but the full compositional results for the ‘All MRF’, 
‘Type 1’ and ‘Type 2’ MRFs are shown in Tables A2.1, A2.2, and A2.3 in Appendix 2. 
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4.3.1 Input material 
The compositional result for input material is represented below in Figure 3,4,5.  Naturally the inputs to the MRF 
come in the main from local authority kerbside collections, so Table 2 shows the make up of the input samples in 
this study grouped by the four main categories of materials collected at the kerbside (excluding glass).  In terms 
of the sorting categories (see Appendix 1, Table A1 for abbreviations) these cover: 
 paper: News & Mag, Other R Pa; 
 plastic bottles: Clr PET, Col PET, Nat HDPE, Col HDPE, Oth bott; 
 card: Brwn brd, G&W brd; and 
 cans: Alu cans, Ste cans. 

Table 2 Main materials in input material sampled 
 

% Composition Material 

Full 
Data  

Type 1 
MRFs

Type 2 
MRFs

Paper 36.8 46.6 20.8 
Plastic Bottles 17.6 10.4 28.5 
Card 14.6 16.6 11.3 
Cans 15.0 7.5 27.3 
Other 16.0 18.9 12.1
 
Whilst not a mass flow of input material received at MRF, this does indicate that the most common material in the 
input samples is paper, with bottles, card and cans at similar but much lower percentages.  Type 1 MRFs follow 
the main pattern but for Type 2 there is a more even split between bottles and cans, with paper third.  This may 
be due to a bias introduced as each of the two-streams was sampled equally by number of samples, and not 
weighted to the ratio of each stream (as mentioned in section 4.2). 
 

Figure 3 Inputs, outputs and residual composition across all MRFs 
 

 
Graph produced from SPSS. 
 

BevC 
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Figure 4 Input, output and residual composition across all Type 1 single-stream MRFs 
 

 
Graph produced from SPSS. 
 

Figure 5 Input, output and residual composition across all Type 2 twin-stream MRFs 
 

 
Graph produced from SPSS. 

BevC 

BevC 
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4.3.2 Residual material 
A quantity of materials received at a MRF is either missed by the process at the MRF and not recovered to the 
output streams, or should not have been in the input: these leave the MRF in the residual waste.  
 
In some cases materials are accepted in the input stream but not recovered as an output and so leave the MRF in 
the residual waste. This is done to accommodate the varying types of material collected across different 
authorities that feed into the same MRF and/or to increase participation and/or material capture rates by 
including a simple message to the public; “plastics” rather than the targeted material “HDPE and PET plastic 
bottles” for example. Within some MRFs it was noted that some materials that would normally be left to leave the 
MRF in the residual waste are recovered and sold as an output material due to the volume of contaminating 
material received in the input.  
 
The main materials (those of more than 10% composition) in the residual waste for the full data set and for 
single-stream Type 1 MRFs are dense plastic, newspaper and magazines, textiles and miscellaneous.  For twin-
stream Type 2 MRFs the textiles are replaced by glass and plastic film. 
 

Table 3 Main materials in residual material sampled 
 

% Composition Material 

Full 
Data  

Type 1 
MRFs

Type 2 
MRFs

Dense Plastic 15.5 12.1 21.9 
News & Mags 13.5 14.8 11.1 
Textiles 10.8 13.4 6.1
Misc (<45 & >45) 17.8 21.4 11.2 
Glass 5.4 2.5 10.6 
Plastic Film 8.0 6.9 10.2 
Other 29.0 28.9 28.9
 
It is not surprising that ‘miscellaneous’ makes up a large proportion due to the various processes the materials 
have been through. The miscellaneous materials arrives in the residual waste either by being positively picked or 
removed as contaminant as part of a quality control process or left on the conveyor once all other output 
materials are positively picked. The materials included within this category are ‘true contaminating materials’ that 
were not targeted by the MRF. They will comprise composite materials or unidentifiable material i.e. material that 
is severally contaminated beyond recognition such as paper soaked in food liquid.  
 
Dense plastic is only targeted in 8 of the 18 MRFs but due to a lack of public awareness can be put into the 
kerbside collection schemes and so it comes through into the residual.  Paper is invariably targeted into different 
output grades within a MRF but comes through into the residual. This can be a result of the different separation 
processes involved and the different particle size ranges of the material. For example, if newspaper and 
magazines are positively picked as an output material then the material remaining on the conveyor belt continues 
into the residual.  So paper with a small particle size range maybe missed. Unless mechanical or optical sorting 
equipment is 100% efficient again not all material will be recovered.  The speed of the conveyor picking belt will 
also influence how much of the paper is picked. MRF throughput versus output material quality or the proportion 
of targeted material leaving the MRF as residual is often a local commercial decision.  The difference with textiles 
will be biased due to it being targeted in only 2 of 13 single-stream Type 1 but 2 of 5 Type 2 MRFs. 
 
The residual waste should contain a minimum amount of the materials generally targeted by the authority 
collection schemes (as per Table 2).  The percentage of the residual due to each of these materials is shown in 
Table 4.  This is illustrative and not the same as the actual missed recyclate in the residual as the different MRFs 
accept a range of materials. An interesting point is that paper is the main common input material in the residual 
waste probably due to the reasons already outlined. Plastic bottles, card and cans are of broadly similar 
proportions. These figures should be as close to 0% as possible. However, this probably reflects the efficiency of 
the various sorting options operating within a MRF. Clearly, the proportion of common input materials in the 
residual waste is a reflection of residual waste not being positively removed but instead being the point at the 
end of the MRF process once all output materials have been removed. For example, it is unlikely that plastic 
bottles would be positively picked as a contaminant and placed into the residual waste stream. 
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Table 4 Common targeted materials in residual material sampled 
 

% Composition Material 

Full 
Data  

Type 1 
MRFs

Type 2 
MRFs

Paper 18.7 20.3 15.7 
Plastic Bottles 7.3 6.3 9.0 
Card 8.5 9.3 6.9 
Cans 3.5 2.7 5.0 
Other 62.0 61.4 63.4
 
4.3.3 Output material 
The outputs categories to be sampled were dictated by the materials that are targeted at each MRF and those 
requested to be sampled by WRAP.  Not all output materials at each MRF were sampled. The list of the headline 
materials is quite standard with the occasional material only targeted by a few MRFs.  However another area of 
difference across the MRFs was which sub-category they accept in the headline material (e.g. foil in aluminium 
cans). 
 
For the 18 MRFs in the survey the number that targeted each material stream is shown in Table 5 as is the 
number of those streams that were sampled. 
 

Table 5 Materials targeted at # of 18 MRFs in project 
 
 Targeted 

by # MRFs  
Sampled 

at # MRFs
Aluminium 18 18 

Steel 18 18 

News & PAMs 12 12 

Card 14 12 

Mixed Paper 10 9 

Mixed Plastic 8 8 

Mixed Bottles 8 8 

Plastic Film 8 1 

Nat HDPE 6 6 

Clear PET 5 4 

Textiles 4 0 

Col HDPE 3 3 

Glass 3 1 

Col PET 2 2 

Bev Cartons 1 0 

 
The output materials at the MRFs are by-and-large made up of the correct type of material, e.g. all forms of 
plastic output are mainly plastic (rather than metal or paper based materials), however within each specific 
output stream there can be a mixture of materials. This section captures some of the key findings from this 
analysis. 
 
For the main output streams that were sampled the results are shown in Figures 6,7 and 8 (the full data is in 
Appendix 2).  It should be noted that the following analysis looks at the composition of each stream and not the 
contamination.  Having material other than the main category is not the same as contamination, as what is 
acceptable in the main category can vary between MRFs.  For example coloured PET can have clear PET in it, so 
Clear PET is not a contaminant and the MRF may not attempt to separate it. 
 
Table 6 has the summary data for Figure 6 and shows that the can streams are very closely controlled and well 
segregated.  This is almost certainly a function of the value of these streams to the MRF and the technology used 
to separate them being robust and in most cases unlikely to pick the wrong material, e.g. a magnet will pick up 
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ferrous based material such as steel cans and an eddy current separator non-ferrous materials such as aluminium 
cans. However, like any bulk separation process, this can and will capture other material that is either wrapped 
around the targeted material, gets caught up in the recovery, or is similar in magnetic/non-magnetic properties.  
For example beverage cartons where the internal lining has similar material properties to aluminium so it can get 
recovered by an eddy current separator. 
 
The proportion of ‘non-cans’ in the aluminium is lower than for steel which is thought to be driven primarily by 
the significant higher aluminium revenue and purity requirements specified by the reprocessor. In most cases this 
justifies the additional investment in further quality control procedures after the bulk separation process. 
Aluminium cans contamination is lower in Type 2 MRFs. This is not surprising as the Type 2 MRFs surveyed 
during this project were smaller scale MRF operations with lower throughputs than the single-stream Type 1 
MRFs, therefore the costs of additional quality control after the eddy current separator are less. 
 
A further point to note is that a magnet to recover ferrous materials is often positioned before the eddy current 
separator, therefore, as this bulk separation process is recovering targeted materials from a greater mix of 
materials the risk of other materials getting caught in this recovery process is higher than during the aluminium 
recovery process which is often at the end of the process from a simple material mix. 
 
The proportion of non-steel can material is less in twin-stream Type 2 MRFs. For Type 2 only container based 
materials are being processed on the container conveyor when steel cans are being recovered by the over band 
magnet, whereas in single-stream Type 1 MRFs the over band magnet tends to operate over a greater mix of 
material and hence greater risk of picking up other contaminating materials during the process. 
 

Table 6 Composition of can based outputs by each metal category and non-metal categories 
 

Alu Cans % Composition Steel Cans % Composition Cans Outputs 

Full 
Data  

Type 1 
MRFs 

Type 2 
MRFs

Full 
Data 

Type 1 
MRFs

Type 2 
MRFs 

Aluminium Cans 96.29 96.47 95.84 0.84 0.67 1.25 
Aluminium Foil 1.98 1.98 1.98 0.12 0.13 0.1 
Steel Cans 0.25 0.28 0.17 93.93 92.81 96.67 
Non-cans/foil 1.48 1.27 2.00 5.12 6.39 1.99 
 
Table 7 has the summary data for Figure 7 and shows that there is a relatively good separation of card and news 
and PAMs in their own streams.  However, there is a mixture of paper types in each of the output materials. The 
mixed paper is made up of over half News and PAMs and a further fifth of card. 
 
These results are in line with the expectation when the relative financial value of the news and PAMs and mixed 
paper streams are considered.  At the time of this project the price differential was lower and so the need to 
maximise News and PAMs was not strong.  There is also a need for some News and PAMs in the mixed paper 
stream in order to meet the reprocessor specifications. 
 
The card outputs consist primarily of card based material most of which is corrugated brown board material 
which is often recovered at the pre-sort stage.  
 
The News and PAM outputs are over 80% newspaper and magazines and in total around 90% when including 
other recyclable paper which is often included in this material specification. Whilst there is some non-targeted 
fibre (more so in single-stream Type 1 MRFs thought to be a result of more mechanical and optical sorting 
processes) this figure is low as is the quantity of non-fibre based materials. As expected the proportion of non-
fibre based materials is higher in single-stream Type 1 MRFs where the News and PAM output is sorted from a 
mix of materials in comparison twin-stream Type 2 MRFs where the material is sorted from fibre input stream. 
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Table 7 Composition of ‘paper and card’ based outputs as by each ‘paper and card’ category and non-
‘paper and card’ categories 

 
Card % Composition Mixed Paper % 

Composition 
News and PAMs % 

Composition 
Paper and Card 
Outputs 

Full 
Data  

Type 1 
MRFs 

Type 2 
MRFs

Full 
Data 

Type 1 
MRFs 

Type 2 
MRF 

Full 
Data  

Type 1 
MRFs 

Type 2 
MRF

Brown Board 71.35 69.83 75.13 10.76 10.67 13.75 2.13 2.04 2.49 
G&W Board 16.12 17.18 13.49 10.45 10.40 12.18 3.67 3.30 5.18 
News & Mags 3.90 3.03 6.05 56.64 56.41 63.89 84.54 85.52 80.61
Other Recy Paper 2.62 2.21 3.64 10.49 10.58 7.61 6.22 5.31 9.89 
Non-targeted fibre 2.69 3.73 0.10 1.70 1.75 0.28 1.23 1.48 0.22 
Non-Paper & Card 3.33 4.02 1.61 9.95 10.19 2.30 2.21 2.36 1.62
 
Table 8 has the summary data for Figure 8 and shows that the plastic outputs consist of a large mix of material 
types.  The clear PET and natural HDPE are the two main plastic streams that contain the least other dense 
plastics.  This is likely to be due to the constraints on quality enforced by the markets, the higher price these two 
materials attract and the nature of the materials.  These two material outputs tend to be positively picked from 
the conveyor or targeted by optical sort processes.  The coloured HDPE and coloured PET outputs generally 
contain some of the natural and clear counterpart.  The issue here is in the potential loss of the price differential 
by having the natural and clear material in the coloured output.  The analysis clearly shows some MRF 
configurations are positively collecting these materials together rather than separating them into their polymer 
types, which will be a local consideration on the economic viability of the investment required, and expected 
return, to warrant these materials being kept separate.  However, what is clear is that even when natural and 
coloured HDPE and PET are collected separately within the same MRF, a large proportion of the clear bottles are 
still collected in the coloured stream resulting in a potential loss of income which could be rectified without 
significant investment. 
 
Mixed plastic and mixed plastic bottles are, as expected, a mix of the various grades of plastic, but the higher 
value natural HDPE and clear PET may need to be in the mix to meet the market needs, however this analysis is 
not known as part of this report.  What is interesting to note is that mixed plastic is the only output stream with a 
significant amount of completely unconnected materials present. Overall nearly 20% of the mixed plastic is fibre, 
metal, plastic film or <45mm miscellaneous.  Further work could be done to investigate this but it may be related 
to the point of the process that mixed plastic is collected.  The other materials are positively picked out and the 
mixed plastic is often negatively picked remaining as ‘last off the line’ it will almost certainly pick up more residual 
material depending on the effectiveness of the quality control procedures within the MRF for removing residual 
contaminants. In most cases the MRFs collecting mixed plastics only positively picked one other plastic output 
either as mixed bottles, PET or HDPE natural bottles with the remaining mix of plastics being retained in the 
mixed plastic output. There were a number of opportunities to recover additional polymer types through either 
optical or manual sorting, however a point of consideration raised is that if all of the ‘high value’ bottle polymers 
are removed from the mixed plastic, this action in itself as noted above could reduce the value of the mixed 
plastic output or make this product unmarketable. 
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Table 8 Composition of dense plastic based outputs as each dense plastic category and non-dense plastic 
categories 

 
HDPE Coloured HDPE Natural Mixed Plastic Dense Plastic 

Outputs % Comp All  Type 1 Type 2 All Type 1 Type 2 All  Type 1 Type 2
Clear PET 0.82 1.14 0.14 0.04 0.06 0.02 21.61 21.03 23.06 
Col PET 2.22 1.68 3.33 0.08 0.11 0.05 7.11 7.92 5.04 
Col HDPE 57.73 53.19 67.12 2.44 4.31 0.58 7.54 7.50 7.63 
Nat HDPE 33.57 39.83 20.65 95.45 92.50 98.40 15.39 14.62 17.34 
Oth Bottles 3.69 2.34 6.49 0.33 0.61 0.04 6.93 8.57 2.77 
Oth Dense Plastic 0.69 0.74 0.58 0.40 0.25 0.55 21.56 23.57 16.46 
Non-Dense Plastic 1.28 1.08 1.69 1.26 2.16 0.36 19.86 16.78 27.70

Mixed Plastic Bottles PET Clear PET Coloured Dense Plastic 
Outputs % Comp All  Type 1 Type 2 All Type 1 Type 2 All  Type 1 Type 2
Clear PET 33.72 34.74 31.70 92.53 86.94 98.12 58.46 58.46 - 
Col PET 7.62 7.74 7.37 2.42 4.14 0.70 33.42 33.42 - 
Col HDPE 11.88 8.92 17.73 0.16 0.30 0.01 0.45 0.45 - 
Nat HDPE 32.01 32.61 30.82 0.05 0.07 0.03 1.08 1.08 - 
Oth Bottles 2.93 3.40 2.02 0.34 0.42 0.26 0.90 0.90 - 
Oth Dense Plastic 5.85 5.71 6.13 3.10 6.17 0.04 2.96 2.96 - 
Non-Dense Plastic 5.99 6.88 4.25 1.40 1.97 0.84 2.72 2.72 -
 

Figure 6 Composition of can based outputs showing mix of metal categories with non-metal materials 
grouped 
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Figure 7 Composition of paper and card based outputs showing mix of paper and card categories with non-
paper and card materials grouped 
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Figure 8 Composition of dense plastic based outputs showing mix of dense plastic categories with non-dense 
plastic materials grouped 
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5.0 MRF contamination ranges 
 
The main requirement of this project was to understand the quality of material received at MRFs (input material) 
and material leaving MRFs and sent to reprocessors (MRF outputs).  For this we needed to define the level of 
contamination that was in each material stream.  As mentioned earlier there is a broad consistency over the 
detailed definition of the contents of a material stream but there are some variations in what is accepted.  For 
example for some MRFs aluminium foil was considered a contaminant in aluminium cans. 
 
There are two ways that the contamination was analysed: across all individual samples taken in the project and 
across each MRF.  Naturally the number of samples is very high and so gives a large sample size compared with 
the 18 individual MRF figures, however it also exposes the analysis to a higher bias when one MRF has a 
particular characteristic.  It also exposes maximum and minimum limits to the extremes of individual samples. 
 
For example the maximum contamination in an aluminium sample across all 524 samples was 25.6% but the 
largest average MRF contamination for aluminium over the 18 MRFs was 2.5%.  This clearly shows that a 
schedule of samples is needed to address quality and not just a programme of infrequent spot checks. 
 
The analysis in this report focuses on the overall MRF data to give a better indication of what can be expected in 
ranges of performance for a MRF. 
 
5.1 Overview of contamination levels 
The level of variation in the quality of output materials between MRFs was significant. However this varied on a 
material basis. For example, just because the output quality of one output material was poor does not mean that 
all the output materials in the same MRF were also highly contaminated. The quality of some output materials 
was very good. 
 
Table 9 shows the average contamination rate for all the material streams.  Residual is shown to have the most 
contamination but that would be expected.  In fact 54.8% contamination does mean that there is potentially 
45.2% targeted material not recovered by the MRF.  However the actual tonnage of residual waste in relation to 
MRF throughput is small and much of it is small particle size and recovery by manual picking would be difficult i.e. 
ripped paper. 
 

Table 9 All MRF average contamination rates (%) 
 

Target Material N Min % Max % Mean % Standard Deviation 

Alu 18 0.0 8.1 2.5 2.3 

Card 12 1.9 57.4 12.0 14.8 

Glass 1 1.5 1.5 1.5 . 

HDPEcol 3 3.3 12.2 8.7 4.7 

HDPEnat 6 0.8 14.6 4.5 5.1 

Input2 18 5.7 22.7 12.9 6.0 

MxPa 9 2.1 36.7 15.8 12.1 

MxPlbott 8 0.5 23.0 12.2 7.9 

MxPl 8 0.6 43.5 18.2 15.1 

NP 12 1.9 22.0 9.8 6.4 

PETclr 4 0.5 20.1 7.5 8.7 

PETcol 2 3.0 13.2 8.1 7.2 

PlFlm 1 39.5 39.5 39.5 . 

Res3 18 9.1 100.0 54.8 31.1 

Steel 18 0.4 23.8 6.2 5.6 
 

                                                     
2,3 The input and residual  analysis in this table combines the two input streams for twin-stream Type 2 MRFs 
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The lowest levels of contamination across all samples were in aluminium cans at 2.5% on average. The low 
contamination level in aluminium is thought to be driven primarily by the significant higher aluminium revenue 
and purity requirements specified by the reprocessor. In most cases this justifies the additional investment in 
further quality control procedures.  
 
The greatest level of contamination in output materials was found in the plastic film 39.5%, mixed plastic 18.2% 
and mixed paper 15.8%. Cross contamination was evident within most MRFs where materials targeted were 
recovered in other output materials. 
 
An indication of the likely main contaminants for the main output materials sampled is provided below: 
 input  - miscellaneous >45mm, glass and other dense plastic; 
 aluminium - other dense plastic, miscellaneous <45mm, aluminium foil; 
 card – non-target fibre, other dense plastic, plastic film; 
 HDPE natural – coloured HDPE, other dense plastic, miscellaneous <45mm; 
 mixed paper - miscellaneous <45mm and >45mm material, beverage cartons, brown board; 
 mixed bottles – other dense plastic >45mm miscellaneous material, plastic film; 
 mixed plastic - miscellaneous <45mm material, newspaper and magazines, grey an white board; 
 news and PAM – brown board, grey and white board, non-target fibre; 
 steel - miscellaneous <45mm material, aluminium cans, plastic film; and 
 residual – other dense plastic, textiles, plastic film, miscellaneous <45mm and >45mm material. 

5.2 Material stream contamination benchmarking  
The analysis in this section focuses on the range of contamination that is found in each stream.  The 
contamination range is defined by looking across the 18 MRFS at the: 
 minimum, this is the lowest contamination rate the survey found; 
 25th percentile bound, meaning that one quarter of the MRF contamination was at this level or below; 
 mean, being the average contamination rate across the sample; 
 75th percentile bound, meaning that one quarter of the MRF contamination was at this level or higher; and 
 maximum, this is the highest contamination rate the survey found. 

So when looking at benchmarking the tables in each subsequent section will allow a MRF that performs its own 
analysis to benchmark itself within one of six ranges formed by the factors described above. This is not the same 
as statistical 95% upper and lower bound confidence intervals.  
 
5.2.1 Input material contamination 
The contamination of the input materials is broken out in Table 10 and represented graphically in Figure 9.  The 
numbers have been split into the full set of 18 MRFs, the 13 Type 1 MRFs and the 5 Type 2.  The twin-stream 
Type 2 MRFs have two distinct input streams and so for quality analysis these are separated out.  The two main 
streams are the containers such as plastic bottles and cans and the fibres such as paper and card. 
 

Table 10 Percentage contamination in input material across 18 MRFs 
 
Material MRF Type Max 

% 
75th 
Perc 

Mean 
% 

25th 
Perc 

Min 
% 

Input Full Data 28.61 17.48 12.00 6.37 0.79 
Input Type 1 MRFs 22.54 17.48 13.10 8.37 5.72 
Input (container) Type 2 MRFs 28.61 22.64 13.35 4.85 0.79 
Input (fibre) Type 2 MRFs 9.00 9.00 6.74 2.86 2.08 

 
The analysis of the individual samples showed there is a statistical significant difference in the contamination 
rates between the two types of MRF.  Overall the figures show the level of contamination from the twin-stream 
co-mingled input samples was marginally lower than those from single-stream input samples.  This may reflect 
households more diligent consideration of what materials can go into the recycling bin during the initial 
segregation into fibres and containers, or it may simply be a function of less targeted materials being in each 
group. 
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Figure 9 Percentage contamination of input materials stream 
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Any MRF with an input contamination rate between the two lines on Figure 9 would be in the central 50% of 
MRFs within the analysis of this project. 
 
5.2.2 Residual material contamination 
The contamination of the residual materials is broken out in Table 11 and represented graphically in Figure 10.  
The numbers have been split into the full set of 18 MRFs, the 13 Type 1 MRFs and the 5 Type 2.  The twin-
stream Type 2 MRFs have two distinct input streams and so for quality analysis these are separated out.  The two 
main streams are the containers such as plastic bottles and cans and the fibres such as paper and card. 
 
It is key to note that the contamination in residual material (i.e. materials not targeted by the MRF) should be 
read as good when high, this means the targeted materials are removed into the output streams and 
contaminating material continue through into the residual waste. 
 

Table 11 Percentage contamination in residual material across 18 MRFs 
 
Material MRF Type Max 

% 
75th 
Perc 

Mean 
% 

25th 
Perc 

Min 
% 

Residual Full Data 100.00 80.91 54.60 28.33 9.09 
Residual Type 1 MRFs 100.00 61.70 48.99 24.70 9.09 
Res (container) Type 2 MRFs 99.95 87.99 72.60 72.23 25.55 
Res (fibre) Type 2 MRFs 80.91 59.24 48.94 32.95 29.33 

 
The analysis shows that twin-stream Type 2 MRFs seem to allow more targeted material through in the fibre 
stream and less in the container stream than single-stream Type 1 MRFs.  Figure 10 very clearly shows that the 
performance from the fibre stream of a twin-stream Type 2 MRF type is much better and more consistent.  
Single- stream Type 1 MRF types have a wider range of contamination levels, but also process a wider mix of 
materials within the same process. 
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Figure 10 Percentage contamination of residual materials stream 
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Any MRF with a residual contamination rate between the two lines on Figure 10 would be in the central 50% of 
MRFs within the analysis of this project. 
 
5.2.3 Output material contamination 
The contamination of the output materials is considered in the same three groups as the composition.  These 
groups are can based, paper and card based and plastic based.  Each group is given its own analysis section 
below. 
 
Can based outputs 
The contamination of can based output streams is shown in Table 12 and represented graphically in Figure 11.  
As discussed in the compositional section the aluminium stream commands a strong market value and so is 
sorted very carefully.  This is born out by aluminium having the lowest average contamination but also a very 
narrow band of performance across the sampled MRFs. 
 

Table 12 Percentage contamination in can based output material across 18 MRFs 
 
Material MRF Type Max 

% 
75th 
Perc 

Mean 
% 

25th 
Perc 

Min 
% 

Aluminium Full Data 8.04 4.59 2.53 0.88 0 
 Type 1 MRFs 8.04 2.45 2.13 0.84 0 
 Type 2 MRFs 5.78 5.22 3.58 1.00 0.84 
Steel Full Data 23.78 7.14 6.24 2.82 0.35 
 Type 1 MRFs 23.78 8.98 7.36 2.83 2.34 
 Type 2 MRFs 5.32 4.92 3.33 2.80 0.35 

 
Steel cans have a slightly higher average contamination but a much wider band of performance.  As discussed in 
the composition section, this could be due to the separation process and the position in which steel is often 
recovered in the overall MRF process. 
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Figure 11 Percentage contamination of can based materials stream 
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Any MRF with a contamination rate between the two lines on Figure 11 would be in the central 50% of MRFs 
within the analysis of this project. 
 
Paper and card based outputs 
The contamination of paper and card based output streams is shown in Table 13 and represented graphically in 
Figure 12. 
 
This suggests that twin-stream Type 2 MRFs produced a higher quality card output than single-stream Type 1 
MRFs, but this may be more due to how the data was collected i.e. full sort or training MRF. These figures should 
be interpreted with some caution as the approach to collecting card varied greatly between MRFs, although 
typically oversize material was removed at the pre sort stage. Lower levels of contamination in the twin-stream 
MRF would be expected as the risk of contamination from non-fibre materials is less as a result of the card being 
collected and then processed with the paper input and not the container input. 
 
For mixed paper no real comparison can be drawn between the types of MRF as there was only one twin-stream 
Type 2 MRF in the study with a mixed paper output for which only a small number of samples were taken.  
However this one twin-stream Type 2 MRF did show a significantly higher quality of mixed paper. 
 
News and PAMs average contamination rates are very similar across the two MRF types.  There is though greater 
consistency on the twin-stream Type 2 MRFs shown by a slightly narrower middle percentile bounds 
(performance range) and even narrow max and min range (shown graphically on Figure 12).  This could be due 
to the separation in the two-streams at the householder although the best (lowest) reported level of 
contamination was from a single-stream Type 1 MRF.  
 
Although similar levels of minimum contamination can be achieved from mixed paper as News and PAM, on 
average the mixed paper is more contaminated than the News and PAM. Whilst the News and PAM output has a 
higher market value the differential was not significant during the time of the survey. More likely the difference in 
contamination between the two outputs is thought to be caused by the different approaches within a MRF to 
recovering these materials. News and PAM is often positively picked from the process i.e. removing the targeted 
material off the conveyor, whereas mixed paper is often negatively picked from the process i.e. leaving the 
targeted material on the conveyor and removing the contaminating materials. Therefore, there is a greater risk of 
contamination in the mixed paper output. A point of interest is that due to the market price differential between 
paper grades during the time of the survey, in some cases News and PAM and mixed paper were not being 
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collected separately and all paper material consigned as mixed paper and would therefore contain a higher 
proportion of newspaper and magazines. 
 

Table 13 Percentage contamination in paper and card based output material across 18 MRFs 
 
Material MRF Type Max 

% 
75th 
Perc 

Mean 
% 

25th 
Perc 

Min 
% 

Card Full Data 57.38 12.00 11.97 4.82 1.90 
 Type 1 MRFs 57.38 9.07 13.01 4.97 3.77 
 Type 2 MRFs 12.92 12.31 8.84 6.80 1.90 
Mixed Paper Full Data 36.70 25.34 15.80 3.20 2.10 
 Type 1 MRFs 36.70 25.52 17.45 9.83 2.10 
 Type 2 MRFs 2.58 2.58 2.58 2.58 2.58 
News and PAMs Full Data 21.97 15.05 9.79 4.62 1.86 
 Type 1 MRFs 21.97 14.71 9.49 4.72 1.86 
 Type 2 MRFs 16.07 13.87 10.68 7.98 4.30 

 

Figure 12 Percentage contamination of paper and card based materials stream 
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Any MRF with a contamination rate between the two lines on Figure 12 would be in the central 50% of MRFs 
within the analysis of this project. 
 
Dense plastic based outputs 
The contamination of dense plastic based output streams is shown in Table 14 and represented graphically in 
Figure 13. 
 
For coloured HDPE the analysis comparing the two MRF types is limited as there were only two single-stream 
Type 1 and one twin-stream Type 2 MRFs in the data.  The main statistical analysis did indicate that the 
differences reported between the two MRF types, across individual samples, was not statistically relevant. 
 
Overall natural HDPE shows the lowest mean contamination of all the plastic materials.  For natural HDPE the 
difference between the average contamination for single-stream Type 1 MRF and the twin-stream Type 2 MRF 
was shown to be statistically significant: the Type 2 MRFs generating much lower levels of contamination. As 
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Figure 13 clearly shows, twin-stream Type 2 MRF also have a narrow range of performance.  The high value of 
natural HDPE in the market seems to force investment in good separation practice, positively picking these 
materials. 
 
For mixed plastic the single-stream MRF seems to produce a higher average quality of output that was found to 
be statistically significant: however there is a much wider performance range.  The twin-stream Type 2 MRFs 
whilst with a higher level of average contamination were much more consistent in the level of contamination 
achieved, shown by a narrower performance range. 
 
For mixed plastic bottles there is very little difference in the average contamination.  Although for the individual 
sample analysis this was shown to be statistically significant: but this was thought to be driven by one MRF 
having unusually low contamination levels.  On comparison of contamination quartile range in Figure 13 shows 
single-stream Type 1 MRFs have a similar spread of extremes but a narrow middle band. 
 
The level of contamination in Clear PET in the twin-stream Type 2 MRFs is lower than single-stream Type 1 MRFs 
in both the average level of contamination and the upper and lower quartile range.  This difference was shown to 
be statistically significant. 
 
Coloured PET was not processed as an output material at any of the twin-stream Type 2 MRFs in the study.  The 
contamination at single-stream Type 1 MRFs for coloured PET and all the non-mixed output streams does seem 
to be similar as illustrated in Figure 13. 
 
As noted in the composition section of this report, the quality of the different plastic outputs varies which appears 
to be driven by the market value i.e. higher for clear PET and natural HDPE, and then the associated process to 
recover the plastic outputs within the MRF. 
 

Table 14 Percentage contamination in dense plastic based output material across 18 MRFs 
 
Material MRF Type Max 

% 
75th 
Perc 

Mean 
% 

25th 
Perc 

Min % 

Coloured HDPE Full Data 12.33 11.34 8.66 6.88 3.32 
 Type 1 MRFs 10.44 8.66 6.88 5.10 3.32 
 Type 2 MRFs 12.23 12.23 12.23 12.23 12.23 
Natural HDPE Full Data 14.59 3.98 4.55 1.85 0.75 
 Type 1 MRFs 14.59 9.29 7.50 3.96 3.93 
 Type 2 MRFs 2.34 2.02 1.59 1.22 0.75 
Mixed Plastic Full Data 43.55 26.59 18.21 6.88 0.56 
 Type 1 MRFs 43.55 21.24 15.05 4.85 0.56 
 Type 2 MRFs 29.92 28.81 27.70 26.59 25.48 
Mixed Plastic Bottles Full Data 23.04 16.16 12.21 8.34 0.47 
 Type 1 MRFs 23.04 14.30 12.40 10.03 3.26 
 Type 2 MRFs 21.72 17.61 11.89 6.98 0.47 
Clear PET Full Data 20.14 9.52 7.47 2.56 0.53 
 Type 1 MRFs 20.14 16.60 13.06 9.52 5.98 
 Type 2 MRFs 3.24 2.56 1.89 1.21 0.53 
Coloured PET Full Data 13.24 10.68 8.13 5.57 3.01 
 Type 1 MRFs 13.24 10.68 8.13 5.57 3.01 
 Type 2 MRFs No MRF data 
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Figure 13 Percentage contamination of dense plastic based materials stream 
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Any MRF with a contamination rate between the two lines on Figure 13 would be in the central 50% of MRFs 
within the analysis of this project. 
 
6.0 Updated sampling regimes 
 
One of the key practical conclusions from this project is that the level of sampling originally specified was very 
intensive for the training MRFs. Often the level of resource required to hand sort the specified weight and number 
of samples in the original protocol was beyond the level of resource available. Of particular interest was the 
implication of trying to achieve the minimum sample weight for input material at twin-stream Type 2 MRFs that 
did not contain paper. This increased further the resource demands on the MRF operators to hand sort this 
material in terms of sorting time, space, manpower and equipment due to the additional volume of material that 
was required. 
 
This project used the WRAP MRF sampling protocol document3 for the sample sizes. These are provided in Table 
15 below. A revised data set of minimum sample sizes and minimum sample weights has been produced to 
reflect the data collected during the MRF11 study and the practicalities of sampling and ensuring that ongoing 
sampling where possible is less resource intensive. The revised sample sizes are provided in Table 16.  
 
 
 

                                                     
3  Report on the conclusion of Phase 2: practical field trains of material sorting and sampling techniques (WRAP April 2008) 
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Table 15 WRAP MRF protocol minimum sample number and weights 
 

Material Stream Number of 
Samples 

Minimum Sample 
Weight (kg) 

Input Material 40 95 

Output Material    

News and PAMs 40 70 

Mixed Paper 40 70 

Aluminium Cans 30 25 

Steel Cans  30 40 

Clear PET Bottles 30 25 

Mixed Plastic 50 30 

Natural HDPE Containers  30 25 

Residual Material  10 30 

 
The figures in Table 16 are intended as a ‘starting point’ for MRF operators and any future similar study to assist 
the sample plan design. However, one of the main conclusions from this project is that there is a significant 
variability in the quality of the same outputs between MRFs due to local operational and economic factors. 
Therefore, ongoing sample sizes at a MRF should be based only on the composition and associated variability of 
samples collected at the MRF and not on a generic table that accommodates the variability across various MRF 
designs achieving varying levels of performance.  The sample size required for each output will be a direct 
function on the consistency of a specific material at a MRF. In some MRFs the sample size will be high and in 
others it will be low. Clearly this will affect the resource commitment required by the MRF. It is also important to 
stress that the required sample size is based on variability and not the level of quality achieved. For example, if 
samples within a MRF consistently have a high level of contamination then a smaller sample size could be 
required in comparison to a MRF where on average the level of contamination is a lot lower but the variability 
around this average is greater. 
 
Within this project, there was no requirement to measure the weight and number of particles within each sample. 
Therefore, it is not possible to derive a revised minimum sample weight. Instead, a minimum sample weight has 
been based on the average weight of samples taken for each stream. This is because the measured variability 
and confidence levels will be influenced by the weight of material sampled. 
 
Based on this weight, a view has been taken on the appropriate number of samples required to achieve an 
acceptable level of precision at a 95% confidence level. This means that if the number and weight of samples 
specified were sorted again you would be 95% confident that the values would be with the specified percentage 
of the mean. Clearly it is important to try and achieve as narrow a band of precision (i.e. be as accurate) as 
possible.  
 
The narrowest band of precision (and the associated number of samples required to achieve this) has been 
selected considering:  
 the length of time to sort the samples and hence resource requirements on the MRF operators. For example a 

required sample size of 491 samples to achieve 10% level of precision for aluminium is not practical; and 
 the actual mean contamination value reported across the 18 MRFs sampled. For example whilst a figure of 

+/- 50% around the mean for aluminium appears high, the mean in some MRFs is as low as 0.1%. Therefore 
the 95% confidence range will be between 0.05% and 0.15%. 



 

MRF Quality Assessment Study   26 
 

 

Table 16 WRAP MRF protocol minimum sample number and weights * 
 
Material Stream Number of 

Samples 
Minimum 
Sample 
Weight (kg) 

Estimated +/- 
% around the 
mean with 
95% 
Confidence  

Input Material (Single-stream) 20 100 +/- 20% 

Input Material (Twin-stream 
with paper) 

30 100 +/- 20% 

Input Material (Twin-stream 
without paper) 

25 100 +/- 20% 

Output Material    

Aluminium  20 30 +/- 50% 

Card 40 70 +/- 20% 

Mixed Paper 25 80 +/- 25% 

Mixed Plastic 25 35 +/- 20% 

Mixed Plastic Bottles 25 35 +/- 20% 

HDPE Coloured Plastic Bottles 35 30 +/- 30% 

HDPE Natural Plastic Bottles 30 30 +/- 30% 

News and PAM 35 85 +/- 20% 

PET Clear 25 30 +/- 25% 

PET Coloured 20 30 +/- 50% 

Steel  20 45 +/- 25% 

Residual Material  10 35 +/- 25% 

[*The sample numbers have been rounded up or down to the nearest 5] 
 
 
7.0 Conclusions 
 
During this project around 270 tonnes of material was hand sorted from 18 MRF across the UK. There is a 
significant quantity of data contained within this report where a number of different conclusions can be drawn. 
These have been discussed within the report in the relevant sections. Each of these conclusions should be 
considered within the context of the data limitations outlined within the report and the number of MRF sampled 
and approach taken. A number of statistical relationships have been identified, but these should be interpreted 
with caution due to the potential inter-relationship between these.  In many cases there are a range of factors 
that appear to correlate with material quality which cannot be accounted for in the same analysis and therefore a 
triangulated approach is required to take an informed view of the actual factors causing this change. 
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This section outlines the key conclusions of this project, drawn from the report, and listed below: 
 
 The average contamination of the material streams varied significantly. 

Table 17 All MRF average contamination rates (%) 
 

Target Material N Min % Max % Mean % Standard Deviation 

Alu 18 0.0 8.1 2.5 2.3 

Card 12 1.9 57.4 12.0 14.8 

Glass 1 1.5 1.5 1.5 . 

HDPEcol 3 3.3 12.2 8.7 4.7 

HDPEnat 6 0.8 14.6 4.5 5.1 

Input4 18 5.7 22.7 12.9 6.0 

MxPa 9 2.1 36.7 15.8 12.1 

MxPlbott 8 0.5 23.0 12.2 7.9 

MxPl 8 0.6 43.5 18.2 15.1 

NP 12 1.9 22.0 9.8 6.4 

PETclr 4 0.5 20.1 7.5 8.7 

PETcol 2 3.0 13.2 8.1 7.2 

PlFlm 1 39.5 39.5 39.5 . 

Res5 18 9.1 100.0 54.8 31.1 

Steel 18 0.4 23.8 6.2 5.6 
 

 
 Input contamination for Type 1 MRFs and container based input on Type 2 have a similar mean (13.1% and 

13.35%), but Type 2 container has a wider range between maximum and minimum.  Type 2 fibre based input 
has a lower mean (6.74%) and a narrow range. 

 
 Residual contamination for Type 1 MRFs and fibre based residual on Type 2 have a similar mean (48.99% and 

48.94%), but Type 2 fibre has a narrower range.  Type 2 container based residual has a higher mean 
(72.6%).  For residual contamination is good, as this means Type 2 container based lines allowed less 
targeted material through into the input. 

 
 Steel cans had a similar minimum contamination to aluminium cans (0.35% and 0%), but a much higher 

maximum (23.78% and 8.04%). 
 
 Of the paper based outputs, News and PAMs has the lowest mean contamination (9.79%) then card 

(11.97%) and then mixed paper (15.8%).  One card MRF had a particularly high contamination rate. 
 
 For plastic based outputs the mixed plastic (18.21%) and mixed bottles (12.21%) showed the highest level of 

contamination. The lowest was natural HDPE (4.55%).  Coloured HDPE (8.66%), Clear PET (7.47%) and 
coloured PET (8.13%) had similar mean contaminations.  The highest range of contamination was not 
surprisingly on mixed plastics. 

The following conclusions are pulled from the technical data report, and so the figures are based on the analysis 
of the 4,676 individual samples unless otherwise stated. 
 
 Input contamination across all MRFs sampled varied significantly between 6% and 23%. 
 
 Newspaper and Magazines is the dominant material in nearly all MRFs sampled. Whilst all MRFs sampled 

accepted aluminium, steel, PET and HDPE bottles, acceptance of other materials varied. Some materials were 
tolerated at the MRF for a variety of reasons specific to local circumstances on the assumption that the 
material would be removed and be contained in the residual material. Conversely, some materials not 
targeted in the inputs, but were ‘targeted’ into output materials i.e. some materials were present in sufficient 

                                                     
4,5 The input and residual  analysis in this table combines the two input streams for twin-stream Type 2 MRFs 
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quantities to remove as a marketable product (or to avoid the disposal cost), but they did not want to 
encourage this material into the process. 

 
 Whilst no clear conclusion between a MRF configuration and material quality can be made some relationships 

were observed. It was observed that where the priority for a particular output was high purity levels (for a 
range of reasons) that these levels could be achieved. These observations support the view that in most cases 
a MRF can achieve lower contamination levels if local operational or market conditions require it. Where 
residual contaminants were only positively removed by hand from the picking line and the residual output was 
not the last point in the MRF configuration, the last output material showed higher levels of contamination 
than similar output materials that were positively picked. 

 
 The composition of each output material was predominantly the appropriate targeted material. The 

percentage assay of the two main material categories for the main output materials sampled are provided 
below: 
 aluminium (96.3% aluminium cans; 2.0% aluminium foil); 
 card (71.4% brown board; 16.1% grey and white board); 
 HDPE natural (95.5% natural HDPE; 2.4% coloured HDPE); 
 mixed paper (56.6% newspaper and magazines; 10.8% brown board); 
 mixed bottles (33.7% clear PET; 32% natural HDPE); 
 mixed plastic (21.6% clear PET; 21.6% other dense plastic); 
 news and PAM (84.5% newspaper and magazines; 6.2% other recyclable paper); and 
 steel (93.9% steel cans; 1.1% miscellaneous <45mm). 

 
 The level of variation in the quality of output materials between MRF is significant. However this varies on a 

material basis. For example, just because the output quality of one output material is poor does not mean 
that all the output materials in the same MRF are also highly contaminated. The quality of some output 
materials was very good. Based on all 524 samples of aluminium cans, this output showed one of lowest 
levels of contamination at 2.4% on average; with a variation between samples indicated by a 95% confidence 
interval of ±0.3% (12% of the Mean). Two MRF declared 100% pure aluminium samples; and other MRFs 
also showed <1% contamination. The average output contamination for aluminium output samples between 
the 18 MRFs was 2.5% (Standard Deviation of 2.3%). Aluminium is a high value material and it is 
economically viable to invest in additional quality control procedures to ensure that high purity levels are 
achieved. 

 
 Based on the individual samples, the greatest level of contamination was found in the mixed plastic and mixed 

paper outputs with 19.9% and 16.9% respectively. The lowest levels of contamination were found in the 
aluminium and HDPE natural bottles with levels less than 5% achieving 2.4% and 4.5% respectively.  The 
figures for glass and plastic film are not reliable as there was only one sampled stream for each. 

 
 The materials identified as a contaminant varied between MRFs for the same output materials. Therefore, it is 

difficult to state with any certainty the main contaminating material for each output material. However, an 
indication of the likely main contaminant for the main output materials sampled is provided below: 
 input  - miscellaneous >45mm, glass and other dense plastic; 
 aluminium - other dense plastic, miscellaneous <45mm, aluminium foil; 
 card – non-target fibre, other dense plastic, plastic film; 
 HDPE natural – coloured HDPE, other dense plastic, miscellaneous <45mm; 
 mixed paper - miscellaneous <45mm and >45mm material, beverage cartons, brown board; 
 mixed bottles – other dense plastic >45mm miscellaneous material, plastic film; 
 mixed plastic - miscellaneous <45mm material, newspaper and magazines, grey an white board; 
 news and PAM – brown board, grey and white board, non-target fibre; 
 steel - miscellaneous <45mm material, aluminium cans, plastic film; and 
 residual – other dense plastic, textiles, plastic film, miscellaneous <45mm and >45mm material. 

 
The average proportion of residual material samples that is material targeted by MRFs i.e. missed and is 
collected in the residual waste is 46.0% ± 4.6% (95% confidence interval) of the residual waste. The residual 
waste in single-stream Type 1 MRF contains a greater proportion of targeted material than twin-stream Type 
2 MRF accounting for 49.3% in comparison to 38.1% of the residual waste total. Whilst this figure as a 
percentage assay appears high, this must be considered within the context of small quantities of residual 
waste leaving MRFs. A perfect operation would comprise of 0% targeted materials in the residual waste. 

 
 Materials not targeted at the MRF do not necessarily continue to be recovered in the residual waste. However 

there appears be to no consistent output stream contaminated although some tentative comparisons can be 
made. However the flow of material through the MRF and the associated risk of contaminating the output 
vary between MRFs and specific to the MRF configuration, how that configuration is operated, the associated 
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local contract and material specifications trying to be achieved. In many cases, most of these variables can 
vary on daily or weekly basis, but almost certainly on a monthly basis. 

 
 The contamination of card, coloured and natural HDPE, mixed plastics and mixed plastic bottles and Clear PET 

output materials did not show a statistically significant correlation with input contamination (Sig. >0.05), 
namely.  Steel cans, aluminium cans, mixed paper, newspapers and magazines did show significant 
correlations (Sig. <0.05).   

 
 For a large proportion of output materials (all outputs except newspapers and magazines and steel) twin-

stream MRFs showed significantly lower level of cross-contamination as a proportion of the total 
contamination observed.  Although having a twin-stream collection system will reduce the proportion of 
contamination caused by cross-contamination, cross-contamination rates can still be as high as observed for 
single-stream systems for some output materials.  

 
 It is not possible to say conclusively that there is a statistical difference in the quality of output materials 

produced from a single-stream Type 1 MRF in comparison to a twin-stream Type 2 MRF. The quality of 
material will be dependent on local operating conditions and the range and type of materials targeted. 
However, there were some statistical differences between some materials where the quality in single-stream 
was better than twin-stream for some and others a higher output quality was achieved from the twin-stream 
MRF. This study concluded that: 
 the output material contamination rates were statistically lower in a single-stream MRF configuration for 

aluminium cans and mixed plastic; 
 card, natural HDPE, steel cans, clear PET showed a statistically lower level of contamination in a twin-

stream MRF rather than a single-stream MRF; 
 no comparisons could be made for glass or plastic film, as only one MRF was sampled that produced that 

specific output; and 
 whilst some tentative relationships exist, the level of contamination for the other output materials did not 

show any statistical difference or it is not certain if the statistical difference is due to how the data is 
collected (i.e. Full sort or Training). 

 
 Based on the limited responses from the questionnaire data those MRFs that regularly sampled materials were 

more able to monitor and control quality and thus produced higher quality materials (e.g. natural HDPE, clear 
PET and steel cans). 

 
 Contamination thresholds imposed on local authorities by MRF operators had no significant effect on input 

quality as MRFs are reluctant to enforce any thresholds. 
 
 Notwithstanding the limitations in the data, there are some tentative indications that threshold (limits) 

imposed on the output material contamination by the customer could have a positive effect on output quality 
of certain materials.  Aluminium, card, mixed plastic and news and PAMs showed less mean contamination but 
mixed plastic, mixed plastic bottles and steel cans showed increased contamination. 

There is a requirement for future sampling to become more robust within MRFs but a need to recognise the 
immense resource commitment in order to undertake the appropriate level of sampling / testing.  A number of 
MRFs currently undertake their own quality assurance and material sampling, of which some is of a very high 
quality and at an appropriate level of detail. However for the MRFs who participated in this study as a data MRF 
i.e. they undertake their monitoring and therefore did not require sampling, the quantity and quality of data was 
poor. 
 
In most cases only tonnage information was provided which could not be used to assess the quality of output 
materials. Where composition data was provided it was inconsistent, infrequent, small sample size and a limited 
number of material classifications were used. 
 
There was no standard approach between MRFs however it is worth noting that whilst there are some concerns 
on the quality and quantity of ongoing monitoring, the alternative approach adopted within this project is 
resource intensive and unlikely to be sustainable at this level over a long period of time. Therefore it is essential 
that local monitoring is started using the standard approach (outlined in the WRAP training and sampling plan) as 
a baseline. Going forward the sample size and frequencies should be based on an individual MRF data and the 
associated variation within the MRF. As the material quality and variability in this material quality improves, the 
required sample size and weight of samples required to achieve the same level of statistical confidence will 
reduce along with the resource commitment to undertake the sampling. 
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Appendix 1: Abbreviations 
Table A1.1 Waste composition material category abbreviations 
 
Abbreviation  Description  
News & Mag Newspaper and Magazines  
Brwn brd Brown Board  
G&W brd Grey and White Board 
Oth R Pa Other Recyclable Paper  
NonT Fbr Non-Target Fibre  
Clr PET Clear PET Bottles 
Col PET Coloured PET Bottles 
Nat HDPE Natural HDPE Bottles  
Col HDPE Coloured HDPE Bottles 
Oth bott Other Bottles 
Oth D Pl Other Dense Plastic  
Pl film Plastic Film 
Alu cans Aluminium Cans 
Ste cans Steel Cans 
Alu foil Aluminium Foil  
Textiles  Textiles 
BevC Beverage cartons  
Glass Glass 
Misc >45 Miscellaneous material remaining on top of the 45mm mesh screen  
Misc <45 Miscellaneous material falling through the 45mm mesh screen 
 

Table A1.2 Targeted material category abbreviations 
 
Abbreviation  Description  
Alu Aluminium  
Card Cardboard 
Glass Glass 
Input Input  
MxPa Mixed Paper  
MxPl Mixed Plastic  
MxPlbott Mixed Plastic Bottles 
HDPEnat Natural HDPE 
HDPEcol Coloured HDPE 
NP News and PAMs 
PETclr Clear PET 
PETcol Coloured PET 
PlFlm Plastic Film  
Res Residual  
Steel Steel  
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Appendix 2: Composition tables  
Table A2.1 All MRF input, output materials and residual material composition (%) 
 

Material Input Res Alu Card Glass 
HDPE 

col 
HDPE 
nat 

Mx Pa Mx Pl 
Mx Pl 
bott 

NP PET clr PET col Pl Flm Steel 

Alu cans 3.790 1.619 96.289 0.135 0.034 0.034 0.033 0.449 1.875 0.208 0.062 0.042 0.131 0.423 0.837 

Alu foil 0.241 0.497 1.981 0.013 0.317 0.006 0.001 0.026 0.371 0.013 0.008 0.006 0.020 0.100 0.121 

Brwn brd 7.728 3.715 0.026 71.351 0.000 0.004 0.022 10.764 0.750 0.160 2.129 0.003 0.009 0.812 0.244 

Clr PET 6.552 2.612 0.029 0.097 0.000 0.818 0.044 0.570 21.605 33.719 0.078 92.531 58.463 7.670 0.153 

Col HDPE 2.653 1.133 0.027 0.085 0.000 57.729 2.443 0.102 7.537 11.878 0.016 0.155 0.448 0.598 0.061 

Col PET 1.297 1.338 0.012 0.013 0.000 2.219 0.075 0.208 7.109 7.617 0.016 2.420 33.418 0.679 0.059 

G&W brd 6.844 4.770 0.070 16.115 0.014 0.048 0.087 10.454 1.963 0.415 3.674 0.097 0.373 1.188 0.416 

Glass 2.450 5.350 0.012 0.007 98.530 0.000 0.000 0.422 0.885 0.151 0.021 0.000 0.000 0.000 0.012 

Misc <45 2.897 9.248 0.231 0.884 0.000 0.446 0.355 3.174 3.114 2.024 0.747 0.622 0.643 1.358 1.063 

Misc >45 2.196 8.569 0.295 0.300 0.402 0.307 0.242 1.012 1.390 0.762 0.289 0.271 0.005 0.636 0.517 

Nat HDPE 6.026 1.568 0.034 0.096 0.000 33.574 95.450 0.402 15.389 32.009 0.087 0.046 1.084 6.934 0.127 

News & Mag 31.698 13.512 0.110 3.898 0.069 0.032 0.033 56.639 1.912 0.318 84.535 0.004 0.006 2.669 0.411 

Non-T Fbr 1.314 3.181 0.025 2.689 0.021 0.005 0.009 1.704 0.760 0.103 1.227 0.001 0.150 0.171 0.270 

Oth D Pl 3.794 15.542 0.342 0.601 0.306 0.685 0.403 0.823 21.562 5.851 0.266 3.102 2.963 13.589 0.583 

Oth R Pa 5.105 5.178 0.041 2.620 0.304 0.050 0.170 10.488 1.668 0.238 6.223 0.106 0.748 1.642 0.247 

Oth bott 0.756 0.630 0.005 0.084 0.000 3.692 0.327 0.119 6.934 2.933 0.022 0.343 0.903 0.118 0.082 

Pl film 2.208 8.036 0.190 0.501 0.004 0.196 0.243 0.681 2.989 1.347 0.288 0.201 0.583 60.546 0.745 

Ste cans 11.230 1.905 0.251 0.147 0.000 0.149 0.056 0.746 1.186 0.133 0.123 0.046 0.038 0.752 93.926 

Bev cartons 0.669 0.758 0.027 0.318 0.000 0.005 0.008 1.136 0.725 0.097 0.138 0.004 0.016 0.061 0.095 

Textiles  0.553 10.839 0.004 0.047 0.000 0.001 0.000 0.083 0.275 0.024 0.048 0.000 0.000 0.053 0.030 
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Table A2.2 Single-stream MRF input, output materials and residual material composition (%) 
 

Material Input Res Alu Card Glass 
HDPE 

col 
HDPE 
nat 

Mx Pa Mx Pl 
Mx Pl 
bott 

NP PET clr PET col Pl Flm Steel 

Alu cans 2.095 1.042 96.468 0.189 0.034 0.031 0.039 0.463 0.919 0.307 0.077 0.058 0.131 0.423 0.670 

Alu foil 0.210 0.283 1.981 0.018 0.317 0.010 0.000 0.027 0.422 0.010 0.010 0.002 0.020 0.100 0.131 

Brwn brd 8.356 4.454 0.036 69.827 0.000 0.006 0.043 10.670 0.974 0.221 2.039 0.006 0.009 0.812 0.343 

Clr PET 3.997 2.543 0.033 0.131 0.000 1.144 0.064 0.587 21.033 34.742 0.097 86.941 58.463 7.670 0.159 

Col HDPE 1.531 0.801 0.016 0.116 0.000 53.185 4.306 0.105 7.501 8.918 0.020 0.297 0.448 0.598 0.078 

Col PET .852 1.030 0.011 0.017 0.000 1.684 0.106 0.214 7.923 7.743 0.020 4.137 33.418 0.679 0.072 

G&W brd 8.221 4.909 0.097 17.175 0.014 0.071 0.173 10.400 2.614 0.613 3.298 0.195 0.373 1.188 0.584 

Glass 3.268 2.495 0.007 0.010 98.530 0.000 0.000 0.433 0.170 0.214 0.015 0.000 0.000 0.000 0.016 

Misc <45 3.192 10.229 0.177 0.775 0.000 0.276 0.525 3.244 1.358 2.115 0.621 0.681 0.643 1.358 1.160 

Misc >45 3.123 11.183 0.281 0.347 0.402 0.410 0.469 1.033 1.407 0.915 0.329 0.522 0.005 0.636 0.702 

Nat HDPE 3.225 1.538 0.036 0.121 0.000 39.830 92.500 0.413 14.619 32.613 0.107 0.065 1.084 6.934 0.152 

News & 
Mag 40.170 14.804 0.148 3.033 0.069 0.037 0.063 56.411 2.413 0.472 85.517 0.008 0.006 2.669 0.577 

Non-T Fbr 1.972 3.852 0.035 3.734 0.021 0.007 0.018 1.748 1.044 0.155 1.480 0.002 0.150 0.171 0.378 

Oth D Pl 3.301 12.079 0.170 0.830 0.306 0.735 0.251 0.846 23.570 5.708 0.331 6.170 2.963 13.589 0.608 

Oth R Pa 6.463 5.519 0.055 2.211 0.304 0.074 0.339 10.579 2.279 0.356 5.307 0.211 0.748 1.642 0.345 

Oth bott 0.801 0.451 0.003 0.117 0.000 2.339 0.614 0.122 8.573 3.397 0.028 0.424 0.903 0.118 0.103 

Pl film 2.237 6.854 0.131 0.662 0.004 0.132 0.431 0.688 1.907 1.138 0.338 0.270 0.583 60.546 0.938 

Ste cans 5.387 1.645 0.282 0.206 0.000 0.027 0.041 0.769 0.140 0.182 0.153 0.003 0.038 0.752 92.808 

Beverage 
cartons 0.984 0.877 0.030 0.431 0.000 0.003 0.016 1.161 0.806 0.143 0.161 0.007 0.016 0.061 0.134 

Textiles  0.615 13.412 0.004 0.049 0.000 0.000 0.000 0.085 0.327 0.037 0.051 0.000 0.000 0.053 0.042 
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Table A2.3 Twin-stream MRF input, output materials and residual material composition (%) 
 

Material Input Res Alu Card Glass 
HDPE 

col 
HDPE 
nat 

Mx Pa Mx Pl 
Mx Pl 
bott 

NP PET clr PET col Pl Flm Steel 

Alu cans 6.555 2.674 95.844 0.000 0.040 0.026 0.000 4.304 0.011 0.001 0.026  1.246 

Alu foil 0.291 0.889 1.982 0.000 0.000 0.001 0.000 0.243 0.017 0.000 0.011  0.096 

Brwn brd 6.704 2.364 0.000 75.130 0.000 0.001 13.746 0.182 0.041 2.487 0.000  0.000 

Clr PET 10.721 2.739 0.021 0.013 0.144 0.023 0.033 23.059 31.696 0.003 98.120  0.138 

Col HDPE 4.482 1.740 0.053 0.007 67.119 0.581 0.000 7.628 17.729 0.001 0.013  0.020 

Col PET 2.024 1.902 0.016 0.003 3.325 0.045 0.000 5.040 7.366 0.000 0.702  0.029 

G&W brd 4.598 4.516 0.003 13.486 0.000 0.000 12.179 0.309 0.026 5.181 0.000  0.003 

Glass 1.115 10.569 0.026 0.000 0.000 0.000 0.058 2.701 0.025 0.045 0.000  0.003 

Misc <45 2.415 7.454 0.367 1.155 0.797 0.185 0.945 7.575 1.846 1.251 0.563  0.826 

Misc >45 0.683 3.789 0.329 0.182 0.092 0.014 0.334 1.346 0.458 0.130 0.020  0.063 

Nat HDPE 10.596 1.622 0.028 0.033 20.646 98.400 0.028 17.344 30.815 0.010 0.027  0.067 

News & Mag 17.878 11.149 0.014 6.045 0.022 0.002 63.894 0.640 0.014 80.608 0.000  0.003 

Non-T Fbr 0.240 1.955 0.000 0.097 0.000 0.000 0.282 0.041 0.000 0.218 0.000  0.004 

Oth D Pl 4.599 21.875 0.769 0.031 0.583 0.554 0.080 16.463 6.132 0.006 0.035  0.523 

Oth R Pa 2.890 4.555 0.008 3.636 0.000 0.001 7.606 0.116 0.003 9.889 0.000  0.005 

Oth bott 0.682 0.957 0.010 0.001 6.490 0.041 0.005 2.771 2.017 0.000 0.261  0.030 

Pl film 2.160 10.197 0.335 0.102 0.328 0.055 0.443 5.738 1.760 0.092 0.131  0.270 

Ste cans 20.761 2.380 0.174 0.000 0.403 0.070 0.000 3.842 0.037 0.002 0.090  96.674 

Beverage 
cartons 

0.154 0.540 0.019 0.038 0.009 0.000 0.369 0.520 0.007 0.043 0.000
 

0.000 

Textiles  0.453 6.134 0.003 0.040 0.003 0.000 0.000 0.141 0.000 0.032 0.000  0.001 
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