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Glossary 
Compositional categories – The classification system used to describe individual materials. The categories 
used in this project have been derived from various compositional studies. 

 

Contraries – Materials that are sent to a MRF, intermediate processor or reprocessor that are not within the 
scope of materials desired by that part of the recycling chain. At the primary MRF stage, contraries will only 
comprise non-target materials. However, at subsequent stages of the chain, contraries may include target 
material that has been miss-sorted into the wrong product stream. 

 

Cross-contamination – The miss-sorting of target material into the wrong product stream. 

 

Intermediate processors – Facilities that sort material subsequent to the primary MRF process but before the 
reprocessing stage. 

 

MRF – A materials recovery facility or ‘MRF’ is a facility at which components of a mixed waste stream, in this 
case primarily either co-mingled or two-stream collected dry recyclables, are extracted by the use of mechanical 
and manual separation techniques. 

 

Primary MRF(s) – The first sorting location(s) for co-mingled and two-stream systems and the first point of 
bulking and sorting of plastics and cans for some kerbside sort systems. 

 

Process loss – Any material(s) collected from the MRF/ bulking facility within a product stream, but not 
reprocessed into a new product. This excludes material rejected for residual disposal at the Primary MRF. 

 

Process loss rate – The amount of material(s) collected but not reprocessed into a new product, divided by the 

amount of material collected from the MRF/ bulking facility as a product. 

 

Product/product streams – Materials that are shipped as a specific post MRF/bulking facility product or grade. 
Each has an assumed composition which includes various components, some of which are specified by onward 
reprocessors and some of which are contrary items. Some products have the same name as compositional 
categories such as news & pams. The news & pams product will contain news & pams, but will also contain other 
compositional categories such as grey and white board. 

 

Reject rate – This term is used in this report to describe the material sent for residual disposal from the Primary 
MRF(s) and is equivalent to the reject rate methodology required for WasteDataFlow reporting. 

 

RIDDOR – Reporting of Injuries, Diseases and Dangerous Occurrences Regulations. 

 

Target material – The materials that are targeted by a collection system for ultimate recycling. 
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Abbreviations 
CBA – Cost-benefit analysis 

 

CCGT – Combined cycle gas turbine 

 

ECS – Eddy current separator 

 

EfW – Energy from waste (in this report, used to refer to incineration with energy recovery) 

 

GHG – Greenhouse gas 

 

KTPA – Thousands of tonnes per annum 

 

LCA – Life cycle assessment 

 

N&P – News & pams 

 

NIR – Near infra-red 

 

NMVOC – Non Methane Volatile Organics Compound 

 

OCC – Old corrugated container 

 

PM – Particulate Matter 

 

RDF – Refuse derived fuel 

 

RCV – Rear compaction vehicle 

 

SRF – Secondary recovered fuel 

 

UBC – Used beverage cans 

 

VOC – Volatile Organic Compound 

 

WDF – WasteDataFlow  
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1.0 Introduction 
 

This study has been commissioned by WRAP (Waste & Resources Action Programme) on behalf of the Welsh 

Assembly Government (WAG) to examine the relative merits of the options that are available to local authorities 

in Wales for the collection and sorting of dry recyclable materials. The central aim of the work has been to inform 

the long-running debate on the relative performance of co-mingled, two-stream and kerbside sort dry recycling 

collection systems in relation to WAG’s sustainability objectives. In addition, it is also important to highlight the 

underlying context for this work. Towards Zero Waste, the national waste strategy for Wales, sets a target of 

70% for household waste recycling by 2025. Legislation that will establish statutory targets for local authorities to 

ensure that this national target is met is currently being finalised and it is hoped that findings from this study will 

contribute towards efforts by WAG and Welsh local authorities to achieve these objectives. 

 

The project as a whole was split into three key Phases as follows: 

 

 Phase 1: a desk-based study to evaluate secondary evidence from data and publicly available reports on the 

comparative performance of dry recycling collection systems, including in relation to the health and safety 

performance of the systems. 

 Phase 2: primary research to determine the financial and environmental costs of the dry recycling systems in 

six case study authorities in Wales which cover the range of kerbside collection systems. 

 Phase 3: application of the evidence and understanding obtained in Phase 1 and Phase 2 to model whole 

system costs and performance for all Welsh authorities and to draw together the findings of all three singles.  

This technical annex is the supporting document to the summary report ‘Kerbside Collection Options: Wales’ and 

draws together the detailed approach taken to the three Phases of work.   

 

2.0 Project aims 
 

The overall aim of this study was to identify with greater certainty which of the following options for collecting dry 

recyclables perform relatively better or worse in relation to WAG’s sustainability objectives: 

 

 sorting materials at the kerbside; 

 two-stream collection, with material separated into two streams at the point of collection, with further sorting 

at a materials recovery facility (MRF) required; or 

 single-stream co-mingled collection of materials with sorting at a MRF.  

3.0 Methodology 
 

The methodology employed in order to determine the relative performance of co-mingled, two-stream and 

kerbside sort dry recycling collection systems in relation to WAG’s sustainability objectives is outlined in this 

section. Further details of the specific methodology employed for each section are provided in the remainder of 

this technical annex. As described above, the project was delivered as three Phases of work. Phase 1 was centred 

on critically reviewing published reports related to the comparative performance of dry recycling collection 

schemes, including differential health and safety performance of such schemes. Phase 2 involved undertaking a 

‘doorstep to destination’ analysis of six case study authorities: two kerbside sort schemes, two co-mingled 

schemes and two partially co-mingled (two-stream) schemes operating in Wales, to determine the financial costs 

and the environmental costs of each approach and to develop appropriate metrics to compare the social aspects 

of the different approaches to collecting recyclables. This work provided particular insight into the fate of 

particular products, including material rejected for residual disposal at primary MRFs used by Welsh authorities, 

as well as process losses from intermediate and final reprocessors of particular products. Phase 2 also provided 

detailed understanding of some of the key local factors that can influence system costs.  
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Figure 1: Schematic of overall project approach 
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The findings from the first two Phases were subsequently used to help to determine the methodology for 

calculating the financial, environmental and social impacts that would be incurred if each of the three dry recycling 

systems were to be rolled out across the whole of Wales. Two scenarios were examined; the first, hereafter termed 

the ‘current performance’ scenario, involved calculating the costs and benefits associated with the Wales-wide 

implementation of each of the dry recycling collection systems based on current levels of recycling performance 

across each authority. The second, hereafter referred to as the ‘enhanced performance’ scenario, looked at the 

Wales-wide costs and benefits based upon the 70% recycling target. Modelling was based on averaged mass flows 

for urban, rural and valleys authorities (using WasteDataFlow data, the findings from Phase 2 and other reference 

data as applicable). The collection costs were then calculated based on the typical characteristics associated with 

these three authority types (informed by the findings from Phase 2). Environmental impacts were also calculated 

based on the mass flows for each authority. The key elements involved in the overall project approach are 

summarised in Figure 1. The detailed approach taken to delivering the project is presented in this technical annex. 

 

4.0 Phase 1: Literature review 
 

The objectives of Phase 1 were to provide some contextual commentary on the current state of understanding of 

the comparative performance of collection systems and to inform the primary research and analysis to be 

undertaken in Phases 2 and 3 of the project.  

 

4.1 Methodology 
 

Several studies were identified by WRAP, WAG and the project team as being potentially useful starting points in 

informing the debate as to the relative merits of different dry recycling collection systems. In undertaking a critical 

review of this available literature, consideration was given to the following:  

 

 The underlying data sources upon which the research relied and the credibility of these.  

 The methodological approach to the analysis of the data, and the robustness of this, including consideration of 

issues such as: 

o the appropriateness of scheme classification and analysis, with particular regard to the extent of 

objective comparability between collection systems; 

o material capture rates; 

o fate of materials; 

o methods for determining resource requirements including vehicle selections, crewing numbers, 

unit costs and methods of dealing with overheads and financing; and 

o whether the analysis has adequately accounted for all the components of the system that should 

have been considered. 

Through this evaluation, the key findings of relevance to this study were identified, along with any limitations to 

existing studies which needed to be considered as part of this work. The literature reviews were undertaken 

following a standardised structure, to ensure consistency of analysis and reporting.  

 

4.2 Collection systems 
 

This section presents those literature reviews relating to projects relevant to the direct comparison of the financial 

and environmental performance between different dry recycling collection systems.  

 

4.2.1 Energy Audit of the Kerbside Recycling Services: The London Borough of Camden 
 

Date commissioned  

No date given on main report. 

 

Commissioned by  

Street Scene Environmental Services – London Borough of Camden 

 

Research conducted by 

ADAS 

 

Geographical coverage & relevance to Wales 

Only L B of Camden considered, thus no information on, for example, rural services is provided. 
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Study objectives  

To carry out an energy and performance audit of the co-mingled collection service operating during 2006/7 and to 

compare this against a baseline of the previous kerbside sort collection system in operation during 2005/6. The 

study considers energy consumption, recycling performance, amenity and air quality impacts, customer satisfaction 

and health and safety aspects. 

 

Methodology  

The energy related impacts considered relate to the vehicle fuel use during collection and to MRF electricity and 

fuel consumption. Impacts are presented as ‘per tonne of collected recyclate’ values. Results are compared on the 

basis of the collection system alone (i.e. excluding energy related impacts at the MRF) and inclusive of MRF energy 

use. The study compares:  

 

 the CO2 footprint of the energy used in collection for each service (per tonne of recyclate); 

 the total energy use of the two types of service, combining diesel and electricity usage of each with this being 

subsequently expressed in terms of MJ energy consumption per tonne of recyclate – the measure being termed 

the ‘energy efficiency’ of the services; and 

 a ‘collection efficiency’ comparison is also made, this being measured by the distance covered by collection 

vehicles for every tonne of dry recyclables collected. 

The boundary of the study is defined as transport to the M25; this excludes the impact of the different 

reprocessors (and their respective locations) being used by the two systems. 

 

A comparison of hazards and risk are also made for the two collection systems, with the source of the data being 

the risk assessments and reports carried out by managers over the period December 2004 to February 2006. 

Comparisons are made by multiplying the number of ‘significant risks’ by the number of staff employed. 

Comparisons of customer satisfaction are also made, by comparing the results of various satisfaction surveys and 

of other externalities, for which the methodology is unclear. 

 

Summary of main findings of relevance to current study 
The analysis considers collection system performance only, no cost data is given.  

 

Where the MRF related energy impacts are excluded, results indicate that both the CO2 footprint and the energy 

efficiency measure are 68% less in the co-mingled system in comparison to the previous kerbside sort system per 

tonne of recyclate. Against the collection efficiency measure, the co-mingled system reduced Km/tonne of collected 

recyclate to 49% of that recorded for the kerbside sort service. 

 

Where MRF related energy impacts are included, the results suggest the co-mingled scheme delivered a carbon 

footprint of 177% of that calculated for the kerbside sort scheme, with energy use increased to 152% of that 

calculated for the kerbside sort system. Against the collection efficiency measure, with transfer to the MRF included 

the co-mingled scheme still performed better, achieving an overall Km/tonne of collected recyclate of 66% of that 

calculated for the kerbside sort scheme. 

 

Health and safety risks for the co-mingled scheme were deemed to be 58% of those of kerbside sort collection 

service. External costs per tonne of recyclables collected for co-mingled collection were calculated as being 82% of 

those for kerbside sort and customer satisfaction was reported as increasing from 56% to 64%. 

Study limitations in relation to findings of study 

No impacts at the reprocessor or in the disposal of residual waste are considered in the analysis – the carbon 

footprint relates to fuel use during collection from the household and MRF energy/fuel use only. Transportation 

onwards to the reprocessor is equally not fully considered, with the system boundary being defined as ‘up to the 

M25’ for both systems. These are potentially significant omissions when comparing collection systems, as the fate 

of material (the amount that is successfully recycled and the relative environmental benefit of that end use), as 

well as the transport impacts resulting from delivery of material to reprocessors can vary considerably between 

schemes. A general pattern that one would expect would be that an average tonne of kerbside sorted material 

would achieve greater environmental benefit in recycling and be recycled in closer proximity to the location of the 

arising of the waste, relative to an average co-mingled tonne. This relatively small study boundary is a weakness in 

the report, as it makes drawing meaningful conclusions problematic, because the impacts of onward transportation, 

benefits of recycling and impacts of residual waste disposal are generally very significant. 
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The co-mingled service collects a wider range of materials than that of the kerbside system, with its introduction 

allowing residents to recycle a wider range of paper types (including card) as well as plastic containers. The co-

mingled scheme also appears to target metal packaging more directly. As the report acknowledges, it is this 

increased collection scope that appears to have been largely responsible for the significant increase in collected 

tonnages (between 33% and 65%, depending on which table in the report is considered) associated with the co-

mingled system. As the study goes on to report comparative performance against most metrics in terms of 

‘performance per tonne of dry recyclables collected’, the fact that the co-mingled scheme collects more tonnage 

puts it at a considerable advantage. The ratios that are reported in the overall conclusions are also based on 

comparison of these ‘performance per tonne’ calculations. Although it is quite possible that the switch to co-

mingled collection was a direct cause of some of the increase in material yield, key questions must be ‘what level of 

material yield would the kerbside sort scheme have achieved if it had targeted similar materials – and what 

additional impacts might this increased scheme scope have had?’ 

 

The study acknowledges the limitations of publicly available data with regard to MRF energy use. Energy use 

assumptions are, however, relatively high for both electricity and diesel, with 30kWh electricity per tonne of 

recyclate and 1.7 litres of diesel per tonne of recyclate being assumed. Data provided in WRATE, for example, 

suggests a typical electricity use of 9-15kWh per tonne of recyclate treated at a MRF. This relatively high energy 

use assumption has served to compound the issue of narrow study scope, resulting in the appearance of high 

importance of MRF energy consumption in determining the relative performance of collection systems. 

 

A 4% MRF reject rate appears to have been reported at the MRF, but no other consideration of the potential 

impact on material quality, or the environmental impact of rejected material (or residual waste in general) is 

provided in the analysis. 

 

The study does not provide any detailed information with regard to the type of vehicles used in either collection 

system, other than to confirm the payload of both (2-3 tonnes for the kerbside sort system, compared with 6-7 

tonnes for the co-mingled system). System performance in both cases is assessed on the basis of fuel consumption 

data provided by the contractor operating the service, although no data is provided with regard to the typical fuel 

consumption of the vehicles (e.g. expressed in m.p.g.). In the case of the kerbside sort service, vehicle design has 

moved forward in recent years and therefore newer vehicles might be expected to achieve a higher payload than 

those assumed in this analysis; equally, however, a larger load would typically be expected for the vehicles used in 

the co-mingled system. 

 

The ‘energy efficiency’ metric used in the study combines both the electricity used in waste transfer and collection 

along with the diesel used in the collection vehicles, with both expressed in terms of GJ. However, this is a 

potentially misleading comparison to use for the electricity-related impacts. Electricity generation is a relatively 

inefficient process, and as a result a significant energy loss occurs in generation from fuel (e.g. gas, coal or oil). 

The primary fuel related impacts if expressed in terms of the amount of GJ of fuel energy used would therefore be 

much greater than those considered here, and would further worsen the relative performance of the co-mingled 

systems from the perspective of ‘energy efficiency’. 

 

Health and safety risks could not be assessed for the MRF operation, as hazard information at the MRF was not 

available to the authors of the study. As a result, it was decided to limit the boundary of the assessment to the 

collection operation and the unloading of the collection vehicles at the transfer stations. The two systems are thus 

not being compared in a like-for-like manner with regard to the overall assessment of health and safety risks of 

each system. In addition, the metric used (number of identified risks multiplied by workforce) does not provide an 

adequate means of comparing exposure to risk, as some risks will be of a different magnitude to others and will 

result in a different number of potential exposures per worker than others. 

 

Although it does not make such a claim directly, the ADAS study is often cited as demonstrating the high 

importance of MRF energy use in determining the relative environmental performance of collection systems. 

However, the study boundary of ‘haulage to the M25’ excludes impacts such as recycling benefits, disposal impacts 

and wider transport impacts. Limiting the study boundary to impacts associated with local logistics and sorting 

limits the extent to which it is possible to draw overall conclusions. The selection of metrics used to compare 

collection systems also results in a somewhat distorted picture being presented. Fundamentally, although the ADAS 

study includes some interesting analysis (including the use of an assumed MRF energy cost per tonne that is 

considerably in excess of other sources), it does not add directly to our understanding of the overall relative merits 

of collection systems or the relative importance of MRF energy consumption in determining which collection system 

offers the best environmental performance. 
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4.2.2 Carbon Assessment – Co-mingled and Source Segregated Collection Systems 
 

Note: This is a review based on a presentation of the study results. As far as we are aware, the full technical report 

has not been published.  

 

Date commissioned  

2008 

 

Commissioned by  

Milton Keynes Council 

 

Research conducted by  

Hyder Consulting 

 

Geographical coverage & relevance to Wales  

Coverage limited to comparison of a co-mingled collection system with a hypothetical kerbside sort system for 

Milton Keynes only. 
 
Study objectives  
To compare the carbon emissions associated with the collection of co-mingled recyclables against those associated 
with the collection of source segregated recyclables. 

 

Methodology  

Modelling of the existing Milton Keynes Council co-mingled system using primary data and the creation of a model 

for a kerbside sort system based on ‘realistic, but hypothetical parameters’. 

 

The study boundary is illustrated in Figure 2. 

 

Figure 2: Scope of study 

 
 

Summary of main findings of relevance to current study 

1 The main findings were that the existing co-mingled system produced a carbon footprint of 21.6kg CO2/tonne 

against 30.0kg CO2/tonne for the hypothetical kerbside sort system. 

2 The explanation for these findings was that due to a reduced yield compared to co-mingled, the kerbside sort 

system required a greater number of miles to be driven per tonne of material collected. 

3 A comparison was made with the ADAS/Camden study considered above. The Milton Keynes MRF is claimed to 

be 38.6% more efficient than that used in the ADAS study, with Hyder concluding that the use of a more 

energy efficient MRF is a key factor in the apparently contradictory findings relative to the ADAS study. 

 

Study limitations 

As the full study does not appear to have been formally published, there is little information available to allow a 

thorough analysis of the study.  
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The study assumed that fuel consumption of collection vehicles was identical for both types of collection system 

(3.75mpg), which seems unlikely given that the relative payloads of the vehicles imply use of a considerably 

smaller vehicle (e.g. a stillage vehicle) for the kerbside sort scenario.  

 

The study assumed that container glass would be collected as a separate stream in both cases. In the case of co-

mingled collection, it assumed that glass would be collected on the same pass as residual waste (with apparently 

no marginal impact of collection), whereas in the case of the kerbside sort scenario, it was assumed to be collected 

on a separate pass. This seems an unusual approach, as container glass would typically be expected to be 

collected alongside other recyclables on a kerbside sort vehicle, whereas the addition of a glass pod on to the fleet 

of refuse vehicles would be expected to result, to some extent, in an increased impact of collection. 

 

The reject rate from the MRF was modelled at 1.4%, compared to 2% for kerbside sort. This runs counter to data 

reported by WRAP and others, which suggests that these figures are not representative of the average experience 

in England. Contamination rate assumptions made in other studies are generally within the range of between 0.5% 

and 1% for kerbside sort and between 5% and 10% for single-stream co-mingled. 

 

4.2.3 Assessment of Quality Arising from Existing Paper Collection Methods against European 
Recovered Paper Grades listed in BS EN 643 

 

Date commissioned  

March 2003 

 

Commissioned by  

WRAP 

 

Research conducted by  

Entec 

 

Geographical coverage & relevance to Wales  

UK wide, with 5 Welsh local authorities participating; collection systems included paper banks, single-stream co-

mingled (clean MRF and dirty MRF), two-stream co-mingled and kerbside sort. 

 

Study objectives 

 

 Assess the quality of paper arising from existing collection methods within the UK against the Recovered Paper 

and Board Standard BS EN 643:2001. 

 Inform the debate about the choice of collection system design between local authorities and paper 

reprocessor. 

 To design, plan and deliver a robust sampling and sorting exercise that withstands statistical scrutiny and 

achieves the project aim within a limited timescale. 

 To compare paper consignments with the grades listed in the standard BS EN 643.  

 To deliver a sound statistical analysis of the data. 

Method 

560 paper and board samples (~100kg) were collected from 80 local authorities across the UK, sorted to 118 

categories, including differentiated non-fibre contaminants. No direct measure of moisture content was undertaken. 

Samples were taken ‘as consigned to UK mills’, mainly news & pams, mixed grades and card. For paper derived 

from MRFs, samples were obtained from MRF output streams. Kerbside sorted paper was sampled ex-depot, thus it 

did not include contaminants set out by householders that were subsequently rejected by kerbside operatives. The 

sample was dominated by ex single-stream clean MRF (n=200) and kerbside sort (n=199). 
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Table 1: Sampling undertaken  

  

1. Paper from mixed refuse (i.e. ‘dirty MRF’) or in bags collected with refuse    23 

2. Paper from a two-stream MRF, or a paper-only collection and sorting system 31 

3. Paper separated from source to user (i.e. segregated kerbside collection) 199 

4. Kerbside collection of all papers together (without subsequent sorting) 32 

5. Kerbside collection of paper mixed with other dry recyclables (i.e. ‘clean’ MRF) 200 

6. Bring (bank) system of separated paper types          40 

7. Bring (bank) system of unseparated paper types         26 

 

Summary of main findings of relevance to current study 

Most of the 80 local authorities were unaware of the paper grades being consigned and there were many instances 

of paper grades of higher value being consigned as lower value mixed grades. 

 

All systems were found to contain non-fibre contaminants and all were also capable of consigning material of the 

required quality, depending on how well they were managed. One set of samples taken from a clean MRF was 

found to contain significantly higher levels of non-fibre contaminants than other clean MRFs and was considered to 

be operating beyond design capacity. Data analysis was repeated with and without the problem facility as it was 

not possible to establish how typical this situation was of UK MRFs then operating. 

 

Overall, two-stream systems and kerbside sort were found to have the lowest mean levels of non-fibre 

contaminants within news & pams and mixed paper grades. 

 

Study limitations 

Although the study had wide geographical coverage and included all system types, there was still considerable 

uncertainty over interpretation of results. The main problem related to the data obtained from the clean MRF that 

was operating beyond design capacity, which had a considerable influence over the mean values obtained for non-

fibre contaminants from this system across all sampled facilities. The study did not have national reference data 

from which this type of performance could be judged as being representative or an outlier. 

 

It is not easy to ascertain the extent to which samples were randomly selected by those operating the depots and 

MRFs sampled. 

 

The study is now dated, but remains the most extensive dataset of its kind collected in the UK and as such will 

inform assumptions made in Phases 2 and 3 of this study. 

 

4.2.4 Analysis of Kerbside Dry Recycling Performance in the UK 2008/09 
 

Date commissioned  

April to June 2010 

 

Commissioned by  

WRAP 

 

Research conducted by  

Resource Futures1 

 

Geographical coverage & relevance to Wales 

Wales, England, Scotland, Northern Ireland 

 

 

 

                                                      
1 Resource Futures are sub-contractors to Eunomia in the delivery of this project. To avoid any conflict of interest in reviewing 
this study, Eunomia staff carried out the review. 
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Study objectives  

To demonstrate which factors affect the success of the kerbside dry recycling service provided by local authorities 

to householders. The outputs from the study are also intended to assist local authorities in evaluating the 

performance of their kerbside dry recycling schemes against various national performance benchmarks.  

 

Methodology  

Production of benchmark data for kerbside dry recycling performance in the UK for 2008/09, separated into three 

categories:  

 

 Material-specific performance – material yields Kg/hhlds/yr. This section provides material-specific 

benchmark data for kerbside dry recycling performance achieved by local authorities in the UK during 2008/09. 

The performance for various combinations of materials targeted for recycling at the kerbside is also 

benchmarked. Calculations were based on WasteDataFlow returns for 2008/09 with annual yields per household 

calculated using dwelling stock figures from the last quarter of 2008/09. Where co-mingled materials were 

reported as a single-stream i.e. ‘co-mingled materials’ an estimate was made of the material split using 

composition reference data from waste audits of kerbside dry co-mingled schemes. Collection rejects were 

excluded. Some allowance has been made for MRF rejects post-sorting and a rate of 10.8% applied in line with 

that quoted by the Environment Agency. In addition a comparison of kerbside dry recycling performance for 

English authorities between 2007/08 and 2008/09 was carried out. 

 Local authority characteristics – Kerbside dry recycling performance during 2008/09 was benchmarked 

according to socio-demographic characteristics (including levels of deprivation, population density, household 

size, % multi-occupancy dwellings and % detached or semi-detached dwellings), and providing benchmark data 

for each Office of National Statistics (ONS) Local Authority Area Type. Material-specific kerbside recycling yields 

were calculated for each of the local authority groups identified in the ONS Local Authority Area Classification 

2001. 

 Collection system characteristics – range of materials collected, overall waste service design – e.g. 

available containment volumes, collection frequency and container type. Kerbside dry recycling performance 

during 2008/09 was benchmarked for different kerbside dry recycling service profiles (defined as the 

combination of the dry recycling scheme and the associated residual waste scheme). Eleven service profiles 

were identified: four kerbside sort, three single-stream co-mingled, three two-stream co-mingled and one other 

scheme type. 

Within these profiles local authorities were categorised into four tiers of performance: 

 

 low performance – lower quartile – the 25% least well performing of all local authorities, in terms of recycling 

yields per household; 

 below average performance – the 25% of local authorities with recycling yields per household that are greater 

than the lower quartile, but less than the median; 

 above average performance – the 25% of local authorities with recycling yields per household that are greater 

than the median, but less than the upper quartile; and 

 high performance – upper quartile – the best performing 25% of all local authorities, in terms of recycling yields 

per household. 

Statistical analysis (multi-factorial regression modelling) was carried out to investigate which factors were 

influential in affecting kerbside dry recycling performance for the year 2008/09. 

 

Summary of main findings of relevance to current study 

Material-specific kerbside dry recycling yields 2008/09 – see Table 2. 
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Table 2: Kerbside material specific dry recycling performance, UK 2008/09 
Table E1 Kerbside material specific dry recycling performance, UK 2008/09

Paper 

without card 

(kg/hh/yr)

Paper & 

card 

(kg/hh/yr)

Cans 

(kg/hh/yr)

Glass 

(kg/hh/yr)

Plastic 

(kg/hh/yr)

All 5 

materials 

(kg/hh/yr)

Textiles 

(kg/hh/yr)

All 5 materials + 

textiles (kg/hh/yr)

Minimum 11.4 0.1 0.0 0.0 0.2 32.7 0.0 59.9

Lower Quartile 59.9 88.7 6.3 31.6 7.2 138.1 0.6 136.0

Median 74.8 115.7 9.2 43.7 10.0 170.6 1.4 162.5

Upper Quartile 83.3 145.9 11.4 54.5 11.9 208.8 2.5 188.9

Maximum 131.0 203.3 19.3 79.3 28.8 303.4 6.0 307.0

Count 102 329 418 329 346 206 131 74

(23.5%) (75.8%) (96.3%) (75.8%) (79.7%) (47.5%) (30.2%) (17.1%)  
 

 Less than a quarter of waste collection authorities (WCAs) target Paper without card at the kerbside – median 

yield =74.8kg/hh/yr. 

 Slightly over three quarters of WCAs target Paper and card – median yield =115.7kg/hh/yr (highest of any 

material stream). 

 96% of WCAs collect metal cans at the kerbside – median yield = 9.2kg/hh/yr. 

 Over three-quarters of WCAs collect glass at the kerbside – median yield = 43.7kg/hh/yr. 

 Nearly four-fifths of WCAs collect plastic at the kerbside – median yield similar to that of cans = 10.0kg/hh/yr. 

 206 WCAs authorities (nearly half) target all five materials out of: paper, card, cans, glass, plastics, with a 

median yield (for these five materials combined) of 170.6kg/hh/yr. 

 131 local authorities collect textiles at the kerbside for recycling – median yield = 1.4kg/hh/yr. Of these local 

authorities, 74 also target the five ‘main materials’: paper, card, cans, glass, plastics. The median yield achieved 

by these authorities across these materials plus textiles is 162.5kg/hh/yr (due to smaller sample range). 

Comparison of authorities between 2007/08 and 2008/09 – see Table 3.  

 

Table 3: Comparison of kerbside material specific dry recycling performance in England during 2007/08 and 

2008/09 
Table 3   

Paper 

without 

card 

(kg/hh/yr)

Paper & 

card 

(kg/hh/yr)

Cans 

(kg/hh/yr)

Glass 

(kg/hh/yr)

Plastic 

(kg/hh/yr)

All 5 

materials 

(kg/hh/yr)

Minimum 2007/08 18 46 0 0 0 72

2008/09 35 22 0 0 0 33

Lower Quartile 2007/08 63 95 5 29 5 140

2008/09 61 91 7 32 7 144

Median 2007/08 73 129 9 43 10 182

2008/09 75 120 10 44 10 178

Upper Quartile 2007/08 88 155 11 53 11 216

2008/09 84 150 12 55 12 214

Maximum 2007/08 125 207 18 78 20 305

2008/09 131 203 19 79 26 303

Count 2007/08 140 213 341 276 261 126

2008/09 93 260 344 282 278 173

Comparison of kerbside material specific dry recycling performance in England  during 

2007/08 and 2008/09
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 No significant changes in recycling yields per household for the various materials. 

 An increase in the number of local authorities in England targeting more materials. 

 A significant increase in local authorities targeting card (and a corresponding decrease in authorities targeting 

paper only). 

 Slight increases in the number of local authorities targeting cans, glass and plastic. 

 Significant increase in the number of local authorities targeting all 5 materials, with 173 English authorities 

collecting all of these materials during 2008/09 (nearly half of all English local authorities).  

 Lower median yields for paper and card and all five materials in 08/09 compared to 07/08 – due to roll-out mid 

way through the year or light weighting of packaging or results of economic down turn (speculation). 

Performance for various material collection combinations  

 

 The recycling yields for local authorities targeting different combinations of materials (excluding textiles) show 

that the highest performing authorities are those that target all 5 materials (paper, card, cans, glass & plastic), 

though there is a wide range in performance amongst these authorities. 

 The recycling yields for local authorities targeting different combinations of materials including textiles show 

that the highest performing authorities are those that target all 6 materials (paper, card, cans, glass, plastic and 

textiles), though there is a wide range in performance amongst these authorities. 

Local authority characteristics 

 

Factors found to most influence kerbside performance were: 

 

 levels of deprivation (with lower yields associated with higher levels of deprivation, once all other factors 

considered in this study are taken into account); 

 the range of materials targeted (with wider ranges of materials targeted achieving higher dry recycling yields); 

and 

 fortnightly refuse collections (being associated with higher dry recycling yields in comparison to weekly refuse 

collections). 

Study limitations  

 

 Yields of separate materials collected as co-mingled streams and reported as ‘co-mingled’ under WasteDataFlow 

have had to be estimated. The methodology for doing so appears reasonable; however there will always be a 

degree of uncertainly with estimation. 

 Yields – kg/hhld/yr are based on collection data and therefore MRF rejects are included. To account for this a 

reject rate of 10% has been applied to co-mingled systems, however, this is a somewhat crude approach, as it 

might, for example, underestimate rejects for single-stream co-mingled schemes and overestimate for two-

stream co-mingled schemes, as not all material from two-stream schemes may go to a MRF. 

 Material yields do not necessarily relate to total kerbside recycling as some local authorities may collect 

additional materials (e.g. batteries). 

 The definitions of some materials vary between schemes and as such, some schemes may have been classified 

as targeting a particular material when in reality they only partially target that material. For example, some 

schemes only target certain grades of card, whereas others target all grades. This can have a significant impact 

on material yields. 

4.2.5 Review of Kerbside Collection Schemes Operated by Local Authorities 
 

Date commissioned/published  

May 2010 
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Commissioned by 

Commissioned internally by WYG. Part funded by Greenstar 

 

Research conducted by  

WYG 

 

Geographical coverage & relevance to Wales  

All UK local authorities, relevant to kerbside performance and cost. 

 

Study objectives  

To reassess the argument, that WYG suggest is promoted by various recent publications and campaigns, that 

kerbside sort should be favoured over co-mingled (single/ dual) on basis of cost, performance and quality.  

 

Methodology 

Analysis of 2008/09 WasteDataFlow returns, anecdotal/ observational data obtained from WYG clients and recent 

procurements. 

 

Summary of main findings of relevance to current study 

 

 Collection system performance was generally found to be higher for single-stream systems. The WYG analysis 

shows that, on average, local authorities operating co-mingled collections collect 25% more material for 

recycling than kerbside sort systems. 

 For systems collecting at least five materials (paper, card, cans, glass, plastics) the study suggested a 

maximum achievable yield of 304kg/hhld/year for co-mingled and 244kg/hhld/year for comparable kerbside 

sort. 

 The study claims that 70% recycling is achievable with weekly food waste, fortnightly refuse, fortnightly 

recycling. 

 Collection system costs - generally considered to be lower for single-stream systems when a whole-cost 

approach is taken, as higher recycling performance results in less residual waste than weekly kerbside sort 

recycling. 

Study limitations 

At several points in the WYG report it is stated that the switch from kerbside sort to co-mingled has led to 

significant increases in recycling. The overwhelming majority of new recycling systems have involved targeting 

additional materials or other service changes that may partially explain performance improvement. In making such 

comparisons, these factors should ideally be taken into account.  

 

The report uses the terms ‘reject’ and ‘contamination’ somewhat interchangeably in relation to materials collected, 

sorted and sent to end markets. This sometimes results in a lack of clarity regarding the discussion of material 

rejected from MRFs in the context of wider issues of material quality.  

 

The study quotes WasteDataFlow and Environment Agency assessments of MRF reject rates. However, the issue of 

MRF rejects is not fully explored: the problem here isn’t just the overall reject rate, but the extent to which target 

materials cross-contaminate one another in the MRF output streams, the extent to which rejects contaminate 

output products and target materials ‘contaminate’ the reject stream. These forms of contamination may not result 

in rejects, but may represent a considerable loss of quality in end markets. Compositional data suggests that 

contamination may become dispersed across MRF output streams rather than concentrated in the MRF residual 

(reject) stream. Given these aspects it is hard to fully account for contamination through single-stream collections 

in the way that WYG claim to have done in their analysis. 

 

Although WasteDataFlow has now made more effort to account for MRF rejects (particularly those that report zero 

rejects), the WasteDataFlow averages do not fit with reject rates from MRF studies. Furthermore, although some 

reprocessors are happy with the MRF consignments that they receive, this acceptance is not universal: hence UPM 

use secondary MRFs to ‘clean up’ paper that they receive and Novelis are also putting on a new ‘front-end’ to clean 

up the aluminium that they receive at Warrington. The fact that a load of material is not rejected by a reprocessor 

confirms that it makes economic sense for the reprocessor to accept the material, not that the material is of 

relatively high quality. 
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In relation to paper grades, the anecdotal evidence quoted of 1% contamination rates in output product bales 

makes no distinction between types of contamination (e.g. fibre versus non-fibre contamination). Some 

contaminants are much more acceptable to paper manufacturers than others and so both the concentration and 

nature of contamination are important. 
 
In terms of cost, WYG base their analysis primarily on recent actual procurements and as such, the main data 
source is, in effect, somewhat anecdotal from the reader’s perspective, due to the commercially confidential nature 
of the information used. The conclusion drawn regarding whole-cost accounting is heavily predicated on the 
assumption that co-mingled schemes coincide with low residual waste tonnages. Although several case studies 
considered this issue, the WasteDataFlow analysis did not examine it for all authorities. 
 

Although analysis of WasteDataFlow data does reveal that co-mingled schemes generally generate higher yields of 

recyclables than kerbside sort schemes, this does not prove that it is co-mingled collection (or solely co-mingled 

collection) that explains the difference in yields. For example, there is a well understood correlation between 

recycling performance and socio-economic characteristics, with more economically deprived areas generally 

achieving lower recycling performance. More prosperous areas are also more likely to use wheeled bins for 

kerbside collection and the best performing co-mingled schemes are disproportionately operated using wheeled 

bins. As this example demonstrates, the causes of relative performance in terms of recyclate yield are varied and 

complex. It is only by carrying out a multi-factorial regression analysis that the significance of different factors can 

be identified in isolation from one another. WYG imply that a differential in recyclate yield performance of 25% 

could, on average, be expected in favour of co-mingled collection. However, based on the regression analysis 

carried out for this project using 2008/09 WasteDataFlow data, we are of the view that the performance differential 

that can be attributed directly to the use of co-mingled collection is somewhat lower (with yields expected to be 

between 10.5% and 18.3% lower for kerbside sort schemes). 

 

The WYG study definitely contributes something to the debate and is a substantial achievement, given that it was 

partially self-funded. However, perhaps due to the limited resources available for the study, the conclusions 

presented are too often supported either by analysis that presents correlation as causation or evidence that is 

primarily anecdotal. We understand that WYG will be updating the report based on 2009/10 WasteDataFlow data 

and would suggest that expanding the statistical investigation to include regression analysis, increasing the 

transparency of the methodology used and ensuring that conclusions drawn are more directly supported by the 

evidence (or qualified where the evidence is unclear). 

 

4.2.6 Kerbside Recycling: Indicative Costs and Performance (plus Technical Annex) 
 

Date commissioned  

Research Date: September 2007 – May 2008, published June 2008 

 

Commissioned by  

WRAP  

 

Research conducted by:  

WRAP. The report was prepared with assistance from Enviros Consulting Ltd. Guidance on modelling assumptions 

from: AEA Technology PLC, Entec UK Ltd, Enviros Consulting Ltd and Eunomia Research & Consulting. 

 

Geographical coverage & relevance to Wales  

The report covers local authorities in England only and covered three main types of collection system: 

 

 kerbside sort; 

 single-stream co-mingled; and 

 two-stream partially co-mingled (fibres and containers). 

Study objectives 

1 To provide ‘benchmarks’ against which local authorities can compare their actual costs and performance with 

the predicted cost and performance of a good practice system of the type they provide; and  

2 To provide better information on the expected performance and costs of the main system types currently in 

operation in order to inform choices and local authority decision making. 
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Specific project objectives 

 

 To characterise the principal collection methods currently used, drawing on WRAP’s on-going analysis of 

WasteDataFlow data for 2005/06. 

 To determine characteristics of representative local authorities influencing collection scheme performance. 

 To apply modelling techniques to determine ‘good practice’ levels of performance that could be anticipated in 

these local authority contexts. 

 To undertake a ‘reality check’ of the modelling outputs with the actual costs of high performing schemes. 

 To produce a report for local authorities and other stakeholders. 

Methodology  

A four stage methodology was used: 

 

1 Identification of systems to be modelled using WRAP data on kerbside collection schemes operated by English 

authorities. This information was then used to produce a scheme classification and list of common collection 

system configurations. 

2 Defining the local authority setting. Two local contexts were defined - urban and rural.  

3 Modelling. Costs and performance of the selected systems were modelled by WRAP using the Kerbside Analysis 

Tool (KAT). Each of the three system types was modelled for both local contexts (urban and rural). MRF gate 

fees and income from sale of materials was included within the appropriate options. Following input from the 

consultancies identified above, modelling parameters were agreed based on assumption of good practice levels 

of performance. 

4 Testing of assumptions and modelling outputs. Validation of operational assumptions and initial modelling 

outputs through testing with service operators. 

 

The outputs of each scheme were presented as follows: 

 

 Yield of recyclables collected (kg/hhld/yr). 

 Capture rate (% of targeted materials collected from served households). 

 Collection only costs (£ per household and £ per tonne (annualised).  

 Net cost of collection and sorting (£/household and £/tonne). 

Summary of main findings of relevance to current study 

Collection system performance: 

 

1 There is little variation in material yields between the three schemes; but within schemes, variants which 

collect glass and have an alternate weekly collection of refuse exhibit the greatest diversion rates. 

2 Recycling collections are maximised when customers are provided with adequate capacity through more or 

larger containers and/or weekly collections of recyclable materials. 

3 There appears to be no systematic advantage for one system based on the urban or rural classifications. 

 

Collection system costs: 

 

1 In current (2007/8) market conditions kerbside sort schemes show lower costs than single-stream or co-

mingled. 

2 Net costs of co-mingled schemes are heavily affected by MRF gate fees and kerbside schemes by income from 

material sales. 

3 Two-stream co-mingled collections which keep paper separate from containers have similar net costs to 

kerbside sort systems. 

 

The report concludes: ‘A report of this sort cannot say anything about the quality of the materials collected by the 

different systems. WRAP remains of the view that, with the current capacity of the sorting infrastructure, kerbside 

sort schemes offer the best prospect for achieving good quality materials.’ 

 

Study limitations in relation to performance 

The WasteDataFlow analysis leads the study to assume in the cost and performance modelling that there is no 

significant difference in material yield between scenarios related to whether they are based on co-mingled 

collection, two-stream collection or kerbside sort. Our regression analysis of more recent WasteDataFlow data 
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suggests that collection system type is a statistically significant factor in determining performance, albeit a less 

significant factor than several others. 

 

The classification of collection schemes was carried out via surveying all WCAs and UAs in England during the 

summer of 2007. A number of these schemes would have changed since this survey was carried out. 

 

The modelled yields look a little low – compared with a quick check on WRAP Dry Recycling Benchmarking 

database (2008/9) data and with WYG Report: ‘Review of Kerbside Recycling Schemes operated by Local 

Authorities’ (May 2010) – although the latter does include tonnages from bring sites. The Technical Annex of the 

report shows the results of a comparison of modelled yields and yields reported for 2006/7 from WasteDataFlow – 

see Figure 3. The report explains the differences thus: 

 

 A lack of information on levels of contamination at the MRF. Reported contamination tonnages have been 

subtracted from the WDF yields but these are likely to be underestimates. 

 Difficulty for some authorities to determine the source of their recycling – bring, flats, specific recycling scheme. 

If there is more than one kerbside recycling scheme in place it is assumed that the recyclable material has all 

come from the one scheme type. Some of the tonnage may have come from bring if it has been collected as 

part of the normal kerbside round and it has not been possible for the authority to separate it out. 

 The operating environments for different types of schemes do vary. The SSco2 type schemes2 are 

predominantly operated in prosperous non-London, so the yield value calculated from WDF data needs to be 

compared with the modelled value for the rural type authority. SSCo1 schemes3 are predominantly operated in 

urban authorities so the yield value calculated from WDF data needs to be compared with the modelled value 

for an urban type authority. 

 

Figure 3: Comparison of recycling yields determined from WasteDataFlow data (2006/07) and projected yields from 

the modelling 

 
 

Regarding container type, the report refers to a 2002 Eureka Recycling study which claims container capacity was 

more important to performance than collection frequency or sorting technique. WRAP has therefore modelled a 

                                                      
2 Single stream co-mingled with a 240ltr bin collected fortnightly consisting: Paper and card, tins and plastic.  

3 Single stream co-mingled with a 240ltr bin collected fortnightly consisting: Paper and card, tins and plastic plus glass. 
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range of container capacities as affecting participation rate but uses the same participation rate for different 

container types providing similar capacity. 

 

There is no indication in the report that WRAP has allowed for a relationship between the introduction of new 

schemes and the effect on collection of existing materials (i.e. an increase in recognition rate for materials 

previously collected upon the introduction of a new material for collection.) 

 
The assumptions made in the report regarding both participation and set out rates is worthy of some consideration 
in the WAG kerbside collection study. Assumptions on the former have been made using a relative comparison 
between urban and rural classification and collection frequency. This potentially hides a significant variation of 
participation rate effects across these variables. The participation rate assumptions within the report are as follows: 
 
‘It was assumed that the highest participation rate would be 95% for the rural authority with fortnightly refuse and 
weekly recycling. Reductions from this highest participation rate for each collection scheme are as follows: 
 

 5% reduction for fortnightly refuse, fortnightly recycling; 

 15% reduction for weekly refuse, weekly recycling; 

 20% reduction for weekly refuse, fortnightly recycling; and 

 all urban scenarios 95% of the equivalent rural scenario. 

Thus the lowest participation rate is 71% in an urban setting with weekly refuse and fortnightly recycling. These 

assumptions have been informed by a review carried out by WRAP of reported and estimated participation rates for 

schemes operating in various local authority areas ’ (Technical Annex, p.16). 

 

Contamination rates were modelled at 10% for single-stream co-mingled, 5% for two-stream, and <0.5% for 

kerbside sort, based on previous WRAP research. The Technical Annex also acknowledges that the report ‘does not 

include any recyclable materials appearing in the residues of a MRF as a result of ineffective or inefficient sorting’ 

(p.14). 

 

Study limitations in relation to cost 

In relation to objective 1 of the report noted above, the technical annex makes the point that the KAT modelling 

tool does not include a number of service costs which could be bundled up within local authority contracts (e.g. 

contract management costs, discounting for bulk purchasing of vehicles, discounts for multi-service contracts, 

special vehicles etc.).  

 

The gate fees used in the modelling were based on the WRAP Gate Fees Report (conducted 2007, published 2008) 

which obtains information on contracts of various vintages (including long-term contracts) and is likely to include 

some gate fees for MRFs that are contracted on a very different basis to that assumed in the collection costs study 

(e.g. ‘processing only’ contracts, where material revenue stays with the council). The material revenue assumptions 

for kerbside sort schemes are based on data from WRAP’s Materials Pricing Report (MPR) for the first quarter of 

2008. It seems likely, therefore, that the gate fee data source reflected the cost of different types of contracts let 

at different times in the past, whereas the MPR data reflected more up-to-date market conditions, probably quite 

heavily driven by the spot market. In our view, evidence from more recent MRF procurements suggests that 

although both the material revenue and gate fee assumptions seemed relatively conservative, the gate fees used 

were probably a little high relative to the material values assumed. Gate fees used in the report were as follows: 

 

 co-mingled: £21/tonne without glass; 

 co-mingled: £28/tonne with glass; and 

 two-stream: net income of £7/tonne. 

4.2.7 Kerbside Recycling in Wales: Summary Report 
 

This Summary Report is supported by two studies: 

 

 Kerbside Recycling in Wales: Indicative Financial Costs – a report prepared by WRAP (reviewed below). 

 Kerbside Recycling in Wales: Environmental Costs – a report prepared by ERM Ltd (also reviewed below). 

Date commissioned  

Research conducted: July – December 2008 
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Commissioned by  

Welsh Assembly Government (WAG) 

 

Research conducted by  

WRAP (Environmental costs study carried out by ERM Ltd.) 

 

Geographical coverage & relevance to Wales  

Study was limited to Wales. 

 

Study objectives 

To provide information on the relative performance of kerbside sort and co-mingled kerbside collections for dry 

recyclables to support policy development for the achievement of the 70% recycling and composting target for 

Wales. 

 

Methodology  

The study was in two parts: A study of costs and performance of the chosen recycling systems using the Kerbside 

Assessment Tool (KAT) and a Life Cycle Assessment (LCA) of the environmental costs using the Waste and 

Resources Assessment Tool for the Environment (WRATE). Firstly, representative types of current good practice 

systems were modelled for two types of local authority contexts: rural and urban. The collection systems studied 

were: 

 

 kerbside sort; 

 single-stream co-mingled; and 

 two-stream co-mingled.  

In addition, six future scenarios were modelled that would meet the 70% recycling and composting target:  

 alternate weekly single-stream collection of dry recyclables and refuse using pod vehicles to include weekly 

collection of food waste (S1A) i.e. dry recyclables / food waste in week 1 and residual waste / food waste in 

week 2; 

 weekly collection of dry recyclables using pod vehicles to include food waste (S1B); 

 weekly kerbside sort collection using large stillage vehicles (S2A) and Labrie vehicles (S2B), both of which 

include food waste compartments; and 

 weekly (S3A) and fortnightly (S3B) two-stream collection of dry recyclables and separate weekly food waste 

collection. 

For each scenario, residual collection was assumed to be fortnightly in wheeled bins. 
 

Summary of main findings of relevance to current study 

Collection system performance: The focus of the study was on cost and environmental performance. In terms of 

performance the following conclusions were reached: 

 

‘For the current systems, yield is slightly lower for the kerbside sort system (181kg/hhd/yr) compared to 

the two co-mingled systems (210kg/hhd/yr), as the kerbside sort system modelled does not include 

cardboard, but does include textiles. The calculated yield is equivalent to a recycling rate of 20% of 

household collected waste for kerbside sort and 23% for both co-mingled systems.’ 

 

For the future system modelling, yield was comparable across systems with single-stream co-mingled at 

372kg/hhld/yr, kerbside sort at 377kg/hhld/yr and two-stream co-mingled at 384kg/hhld/yr. 

 

‘The kerbside sort system, followed by the two-stream co-mingled system, offer the more environmentally 

beneficial options compared to single-stream co-mingled. This is because kerbside sort and two-stream 

include the greatest mix of materials including textiles, which when reused or recycled, avoid significant 

burdens caused by primary production of new fabrics. Closed loop recycling of container glass has been 

modelled as a feature of kerbside sort, and again avoids significant environmental burdens. Compared 

with the current scenarios the differences in carbon savings between the 70% systems are more marked, 

with kerbside sort performing best for the reasons discussed above.’ 

 



 

Kerbside Collections Options: Wales 25 

 

Figure 4: Net recycling cost per household for current recycling systems in an urban authority 

 

Collection system costs: The results of modelling financial costs in KAT show that kerbside sort would remain the 
lowest cost option at the new recycling levels. The results show that kerbside sort using a Labrie vehicle is the 
cheapest of the six systems modelled, but the cost of the stillage vehicle option is only slightly more. Two-stream 
co-mingled systems are lower in cost than single-stream systems. 
 

These results are shown in Figure 5. 

Figure 5: Collection only and net total system costs for the 70% systems modelled 

 
Sensitivity analysis varying gate fees and materials income was carried out. However, it was only when income for 

kerbside sort was reduced by 50% that fortnightly two-stream co-mingled becomes cheapest. 

‘Additional sensitivity analyses on reduced participation rates for all systems, increased loading times for 
kerbside sort and the impact of higher plastics recognition do not make any difference to the relative 
ranking of the costs of the three collection systems.’ 

 



 

Kerbside Collections Options: Wales 26 

 

Overall conclusions of the study were summarised as follows: 

‘If asked to make a recommendation the preference would be for kerbside sorting and if co-mingling, then 
a two-stream system should be adopted. Additionally, our experience identifies the need for informed and 
intelligent contracting in securing services and taking materials to market if all the benefits identified are 
to be achieved.’ 

 

Table 4: Summary table of key findings for 70% kerbside systems 

 

4.2.8 Kerbside Recycling in Wales: Indicative Financial Costs 
 

Date commissioned 

Research conducted: July – December 2008, Date of Report: March 2009 

 

Commissioned by 

Welsh Assembly Government (WAG) 

 

Research conducted by  

WRAP  

 

Geographical coverage & relevance to Wales  

Study was limited to Wales. 

 

Study objectives 

To provide information on the relative performance of kerbside sort and co-mingled kerbside collections for dry 

recyclables to support policy development for the achievement of the 70% recycling and composting target for 

Wales. This report presents indicative costs for 3 system types. 

 

Methodology 

A study of costs of the chosen recycling systems using the Kerbside Assessment Tool (KAT). Three system types 

(see below) were modelled for 2 local authority types (rural and urban). 

 

 kerbside sort; 

 single-stream co-mingled; and 

 two-stream co-mingled (fibres and containers).  

In addition six future scenarios were modelled that would meet the 70% recycling and composting target:  

 alternate weekly single-stream collection of dry recyclables and refuse using pod vehicles to include weekly 

collection of food waste (S1A) i.e. dry recyclables / food waste in week 1 and residual waste / food waste in 

week 2; 

 weekly single-stream collection of dry recyclables using pod vehicles to include food waste (S1B); 
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 weekly kerbside sort collection using large stillage vehicles (S2A) and Labrie vehicles (S2B), both of which 

include food waste compartments; and 

 weekly (S3A) and fortnightly (S3B) two-stream collection of dry recyclables and separate weekly food waste 

collection. 

For each scenario, residual collection was assumed to be fortnightly in wheeled bins. 
 
Sensitivity analysis was carried out using: 
 

 change of MRF gate fee and materials income; 

 lower participation rate in kerbside collection; and 

 increased loading time for kerbside sort. 

Summary of main findings of relevance to current study 

Collection system costs: 

 

1 Kerbside sort came out as the lower cost option. Kerbside sort using the Labrie vehicle was lowest cost of six 

options modelled. 

2 Two-stream co-mingled is cheaper than single-stream co-mingled. 

3 Yield is slightly lower for kerbside sort compared to co-mingled. 

4 Cost per household is higher for a rural authority than urban due to additional mileage. Yield is higher for rural 

due to higher coverage. 
 

Under sensitivity analysis with 50% reduction in material income for kerbside sort but MRF gate fees and income as 

per baseline, two-stream co-mingled with fortnightly recycling is slightly cheaper. 

 

Study limitations 

Kerbside sort model did not include cardboard but does include textiles. The report states that this was because all 

Welsh authorities with co-mingled collections include card, and 8 out of 10 include textiles on kerbside sort. Report 

acknowledges that ‘several’ Welsh authorities run fortnightly collections of dry recycling but that for reasons of 

brevity they have only modelled weekly. 

 

Co-mingled collection was modelled in single-use sacks rather than wheeled bins on WAG’s instruction. 

 

Table 5: Kerbside collection systems selected for KAT modelling 

 
Total costs for the 70% systems includes dry recycling collection costs, refuse and separate food waste, plus MRF 

gate fees for co-mingled or materials income for kerbside sort, plus gate fees for treatment of food waste. 
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Contamination rates - single-stream co-mingled 10%, kerbside sort 0.5%, two-stream co-mingled 5%. However, 

for the future, modelling contamination rates for single-stream co-mingled has been reduced to 5% ‘to reflect the 

fact that dense plastics and film would be accepted by the MRF.’ For kerbside sort the contamination rate has been 

reduced to 0.2% in the future system modelling. 

 

Two-stream co-mingled modelled on 50:50 split RCVs. 

 
For future system modelling, an urban authority model only was used; no allowance was made for a rural density.  
 
All systems were modelled with fortnightly free collection of garden waste in a wheeled bin, diverting 69% of 
garden waste. The cost of this collection has not been modelled in KAT but the residual waste arisings have been 
adjusted to take account of garden waste collection and the WRATE model includes composting of this garden 
waste.  
 
The assumptions for garden waste diversion are as follows: garden waste = 8.3% of all waste across the authority; 
free collection service is offered to 65% of households and 90% of the total garden waste in the waste stream will 
come from these households; 85% participation rate; and 90% recognition rate. This equates to an overall capture 

rate of 69%. If more garden waste is diverted from other sources it is not accounted for in this exercise. 

 

Table 6: Systems modelled in KAT and WRATE for 70% recycling 

 
Gate fees for the current modelling were based on the 2008 Gate Fees Report published by WRAP plus a WAG 

survey of gate fees for Wales (no date given). Thus: single-stream co-mingled including glass at £33/tonne with 

two-stream co-mingled authorities paying no fee and receiving £7/tonne for fibres. This is higher than the earlier 

WRAP report on English authorities where a single-stream co-mingled figure of £28/tonne. Primary research for the 

WAG Kerbside Collection study suggests that some authorities are paying significantly more than the figures used 

here.  

 

For the future systems, gate fees for single-stream co-mingled has been increased to £35/tonne and a gate fee of 

£45/tonne for food waste treatment. There was no increase made to the landfill charges (gate fee and tax) for 

future modelling. 

 

4.2.9 Kerbside Recycling in Wales: Environmental Costs 
 

Date commissioned 

Report date: March 2009; research date: July – December 2008 

 

Commissioned by 

WRAP 
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Research conducted by 

ERM 

 

Geographical coverage & relevance to Wales 

Both rural and urban districts of Wales are considered using Welsh composition data. 

 

Study objectives 

To carry out a life cycle assessment of current good practice collection and recycling systems for Wales and 

systems necessary to increase the overall recycling rate for Wales to 70%. The focus is on the global warming 

potential although other indicators are also considered. Both rural and urban systems are considered separately.  

 

Methodology 

The study uses WRATE to carry out the assessment. A series of scenarios are set out, comparing the impacts of 

kerbside sort, co-mingled and two-stream co-mingled systems in both rural and urban contexts. In addition to the 

‘current’ systems intended to be representative of the best performing schemes in operation today, futuristic 

scenarios are also considered where the overall recycling rate reaches 70%. 

 

Collection system data was provided to the authors of the study by WRAP using outputs from their KAT model. The 

study aims to use a ‘gate to grave’ modelling approach, and includes impacts associated with collection, recycling 

(including the offsets attributed to recycling in comparison to the expected impact associated with the extract of 

virgin materials), as well as the disposal of non-recycled material and rejects. 

 

Key assumptions: 

 

 It is assumed that card is not collected for recycling in the current kerbside system although it is collected in 

the futuristic ‘70% recycling’ scenario; all card is thus assumed to be landfilled in the current kerbside system. 

 Textiles recycling is assumed to occur in the kerbside sort system but not in the co-mingled system, although it 

is considered in the futuristic scenario for the two-stream system. 

 All glass collected in the co-mingled systems is assumed to be only suitable for open loop reprocessing i.e., is 

reprocessed as aggregate. 

 55% of the paper collected in the co-mingled and two-stream systems is assumed to be reprocessed overseas, 

whereas all paper from the kerbside sort system is assumed to be reprocessed using UK reprocessing facilities. 

These two systems therefore suffer an additional transport-related burden in comparison to the kerbside sort 

scheme due to the overseas transport. 

 Residues and residual waste are assumed to be landfilled for all systems. 

 For those materials captured by all systems (i.e. paper, glass, metals, plastics), the capture of materials is 

assumed to be the same irrespective of the type of collection system employed. 

Summary of main findings of relevance to current study 
Only the environmental performance is considered, no cost data is provided as this was considered in a separate, 

related study. 

 

The kerbside sort systems outperform the co-mingled and two-stream systems largely as a result of the above 

assumptions with regard to the relative performance at the reprocessor. The co-mingled system resulted in 90kg 

CO2 equivalent per household; comparable figures for the kerbside sort and two-stream systems were 71kg and 

86kg CO2 equivalent respectively. 

 

Impacts associated with the use of the MRF are negligible in comparison to the other impacts. The overall net 

impact is dominated by both the avoided emissions associated with recycling, and treatment related impacts 

relating to the landfill of the residues and other non-recycled materials. In the case of the former, the avoided 

emissions associated with textile recycling at kerbside sort schemes make a particularly significant contribution. 

Landfill impacts are higher for the kerbside sort system as no card is assumed to be recycled and is thus all sent to 

landfill. Additional transport impacts relating to the transportation of more material overseas (principally paper) 

also contribute to the relatively poor performance of the co-mingled system. 
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Study limitations in relation to environmental performance assessment 

No impact of bring systems is considered in any of the scenarios - material not collected by the kerbside system is 

assumed to be landfilled.  

 

Differences in the amount of residues are considered for all types of collection system examined by the analysis, 

but the assumed contamination rates at the MRF appear to be very low at only 1% of the total recyclate collected 

across all materials. The report does not discuss the basis for modelling this contamination which is only briefly 

mentioned in the report as ‘MRF residue’. 

 

A major factor in the good performance of the kerbside sort scheme appears to relate to benefits associated with 

textile recycling, which is not assumed to occur where the current co-mingled or two-stream services are operated. 

Benefits associated with this are 4.6 tonnes CO2 equivalent per tonne of textiles – this might be considered to be a 

generous estimate of the benefits associated with recycling this type of material4. In addition, the scheme assumes 

25% of the available textiles are recycled. The assumptions used may be appropriate given the stated aim of the 

report is to consider schemes that are representative of good practice or best performance.  

  

The report acknowledges that it may be possible to achieve closed loop performance using glass from co-mingled 

collection services through the use of optical sort technology, although this is not considered in even the futuristic 

scenarios included within the analysis. 

 

Environmental costs at the MRF itself are deemed negligible. However the study does not provide any detail on 

assumptions with regard to the energy use at the MRF, and it is not possible to check the assumption in WRATE 

itself as the analysis used a user-defined process model created for the purposes of this study. 

 

The report notes that lower transport related impacts are seen for the kerbside sort systems in comparison to the 

co-mingled. A table is provided of the different types of vehicles used within the report and their payloads, 

although no indication is given in respect of the precise combinations of the different types of vehicles used within 

the analysis. This table suggests that payloads of only around 4-5 tonnes were used for the RCVs used in the co-

mingled collection; equally, however, relatively low payloads for the kerbside sort vehicles were also used (of 2.3-

2.5 tonnes) even in the futuristic scenarios where large kerbside vehicles might have been expected to make an 

appearance. No detail is provided with regard to the fuel consumption for any of the vehicles used in the modelling 

although this may be available in the related reports and analysis – this is not, however, stated in the report. 

 

4.3 Health and safety 
 

The literature reviews relating to the potential health and safety performance of different dry recycling collection 

systems are presented in this section. Additional supporting guidance information on health and safety for waste 

services is also provided at the end of the section. 

 

4.3.1 Mapping Health and Safety Standards in the UK Waste Industry 
 

Date commissioned 

2004 

 

Commissioned by  

HSE (Health and Safety Executive) 

 

Research conducted by  

BOMEL Limited, an independent consultant. 

 

Geographical coverage & relevance to Wales  

Data covers the United Kingdom and therefore includes data from all the Welsh employers to whom RIDDOR 

applies. 

 

Study objectives  

To describe the nature of the UK waste industry and its health and safety standards.  

                                                      
4 As later suggested, in fact, by the report’s author (Bernie Thomas of ERM) when peer reviewing the work produced by Eunomia 
with regard to the feasibility of the introduction of landfill bans (the latter study used a very similar assumption). The range of 
values in the literature is very wide, and depends on assumptions with regard to the quality of material recovered and its end 
use. 
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Method 

The report relies heavily on RIDDOR data as well as making reference to non UK sources of data (USA, Canada) to 

help establish areas within the waste management industry that were associated with a poor health and safety 

record. 

 

Summary of main findings of relevance to current study 

Table 7 summarises the findings of the report in terms of accident rate statistics. 
 

Table 7: HSE Research Report 240 (the ‘Bomel’ report accident data, HSE 2004) 

Accident rate per 100,000 over 1 year (2001/2002 data) 

Accident breakdown National Rate HSE Bomel Report 
Difference from National 

Rate 

Overall accidents 559 2,500 4.5 x above 

Fatal Injury accident 0.9 10 11 x above 

Major injury accident 101 330 3.3 x above 

 

In comparison, Poulsen et al (1995) reported that the Danish incident rate for musculoskeletal disorders (MSDs) in 

refuse collection workers was 1.9 times that of the national average. 

 

The report also carried out a literature search of relevant health and safety literature from the UK and other 

countries that carry out similar activities, namely the USA and Canada. The literature search aimed to establish the 

range of major issues that give rise to injuries at work and map them against the areas that had been highlighted 

by the HSE in its Revitalising Health and Safety policy document, covering: 

 

 falls from height; 

 workplace transport; 

 slips and trips; 

 musculoskeletal disorders; and 

 other health issues. 

See Table 12, page 56 of the reviewed HSE report for details. 

 

Study strengths and limitations 

The study relies on data that employers are required to report to the HSE by UK law (Reporting of Injuries, 

Diseases and Dangerous Occurrences Regulations 1995 as amended) whenever there are incidents that fall under 

the remit of the regulations. The data is representative of the industry in that it applies to all employers and 

therefore includes private businesses, local authorities and charities which are all participants in the UK waste 

management industry. 

 

Unfortunately, the data suffers as it also includes activities that are not traditionally included within the definition 

commonly accepted in the industry. The Bomel report states on page viii, paragraph 7 that: ‘The RIDDOR coding 

system does not give the level of information required to gain sufficient understanding of what accidents are 

occurring where. The codings are too generic, and combine several industries (both within and outside the waste 

industry) such that the majority of the accidents are concentrated in only a few categories. This causes problems in 

identifying in sufficient detail the areas to be targeted for intervention.’ 

 

The underlying reason for this is that the codings used in RIDDOR are based on the Standard Industry Codings 

(SIC) used by the Office for National Statistics in various forms since 1948. The codings are amended to come in 

line with European and Worldwide standards from time to time (Table 8). SIC codes are used predominantly for 

classifying business establishments and other statistical units by the economic activity in which they are engaged. 

The classification provides a framework for the collection, tabulation, presentation and analysis of data and its use 

promotes uniformity. In addition, it can be used for administrative purposes and by non-government bodies as a 
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convenient way of classifying industrial activities into a common structure. However, the SIC codings were not 

designed for the collection or analysis of data related to Safety and Health issues. 

 

Table 8: SIC codes up to 1997 with 2003 changes (Jones, G., 2003) 

2003 SIC Codes Industry description 

90.01 Collection and treatment of sewage 

90.02 Collection and treatment of waste 

90.03 Sanitation, remediation and similar activities 

1997 SIC Codes Industry description 

90.00 /1 Sewage disposal activities 

90.00/2 Refuse disposal activities 

90.00/3 Sanitation and similar activities 

 

The SIC and therefore RIDDOR still group three separate industries together without differentiating between 

collection, treatment or disposal. Those who work within the solid waste industry appreciate that even this tripartite 

division could be further subdivided into a range of differing sub categories. Any attempt at a true appreciation of 

this expanding industry would do well to take this on board. A suggested set of SIC sub codes is presented in Table 

9, and although this does not reflect the wide range of possible methods of operation, it does demonstrate the 

level of detail that the current system would need to include if it were to be used effectively for health and safety 

data analysis. 

 

However, Bomel (2004) does conclude that most of the accidents are related to refuse collection, with 85% of total 

accidents being ‘more than 3 day injury accidents’ and, of these, most are caused by handling and sprain injuries.  

 

Table 9: Level of breakdown required in SIC Codings for data to be useful for industry practice comparisons when 

collecting municipal waste and recyclable materials 

SIC Sub Group Code SIC Sub Code Description 

Collection and treatment of waste 90.02  

Collection  90.02.01  

 90.02.01.01 Collection of municipal waste (residual) 

 90.02.01.01.01 Bagged collection 

 90.02.01.01.02 Wheeled bin collection 

 90.02.01.02 Collection of recyclable materials 

  90.02.01.02.01 Kerbside sort using boxes 

  90.02.01.02.02 Two-stream partial co-mingled* can be further split 

  90.02.01.02.03 Co-mingled using wheeled bin 

 90.02.01.02.04 Co-mingled using bags 

 

RIDDOR does not require the reporting of near misses except where these fall under the categories listed as 

dangerous occurrences e.g. the collapse, the overturning, or the failure of any load-bearing part of any lift or hoist 

(such as a bin lift mechanism). 

 

Validity of conclusions  

The conclusion that the RIDDOR coding system is too generic for detailed analysis of health and safety data is 

valid. 

 

The term ‘refuse collection’ used in the report does not differentiate between residual waste and recyclable 

material collection nor between the main methods of recyclate collection that are used within the industry (namely 

kerbside sort, co-mingled and single-stream co-mingled). This results in the findings of the report remaining 

generic in their applicability and of limited use in highlighting specific areas for improvement of operations.  
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4.3.2 Update to Mapping Health and Safety Standards in the UK Waste Industry 
 

Date commissioned  

2009 (published date). 

 

Commissioned by  

HSE, UK. 

 

Research conducted by  

Noble Denton, BOMEL Limited. 

 

Geographical coverage & relevance to Wales  

Data covers the United Kingdom and therefore includes Welsh data from all employers subject to RIDDOR. No 

specific reference is made or could be made from the data as it stands. 

 

Study objectives  

To update and better describe the nature of the UK waste industry and its health and safety standards. 

 

Method:  

The report relies heavily on RIDDOR data as did BOMEL (2004), though this time there was no additional review of 

relevant health and safety literature. 

 

Summary of main findings of relevance to current study 

High risk areas appear to have remained relatively constant over the study period. Handling sprains, trips and 

struck-by accidents were the most prolific types of accident. Occupations most likely to be involved in accidents 

were those related to ‘refuse handling’ (see comment on the definition of this phrase below in Table 10) and 

drivers and individuals were likely to have been collecting or handling refuse when they had the accident. Table 10 

summarises the findings of the report in terms of accident rate statistics. 

 

Table 10: Composite waste industry rate trends includes private and public Sectors 

Table 7.6.7  

Rate per 1,000,000 employees 2001 2002 2003 2004 2005 

Fatality 9.6 8 3.6 7.7 8.5 

Major injury 335 383 406 467 423 

Over 3 day accident injury 1,920 2,178 2,614 2,577 2,525 

Total accident rate 4,266 4,571 5,027 5,056 4,962 

 

Study limitations  

RIDDOR relies upon the SIC codings and they are still not sensitive enough to isolate, for example, the differences 

in collecting refuse, green waste or recyclable materials or the differences in the systems of collection (e.g. bin, 

bag, box, weekly, alternate weekly etc.). Paragraph 2, section 5.1.5, states ‘These results raise a number of issues 

which cannot be addressed within the limitations of this data. In addition, there has been an increase in the 

amount of recycling undertaken in Great Britain, and this can require greater manual collection, handling and 

sorting activities and has the potential to affect accident numbers. Unfortunately, the RIDDOR codes do not contain 

sufficient detail to ascertain whether the accidents result from recycling activities, let alone whether they involve 

handling bins, bags or boxes, or what type of vehicle was being used. Understanding the accident profile of the 

various systems of collection, vehicle and system may help the HSE to better focus its interventions with the waste 

industry’ and the authors could not agree more. 

 

Validity of conclusions  

Conclusions are limited, as noted by the author, to generic elements. Reference to ‘refuse collection’ does not 

correspond to the collection of refuse alone but incorporates recyclable materials. The data does not differentiate 

between the different elements of municipal waste (domestic and commercial waste), different methods of 

recycling or between residual waste and recycling. 
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4.3.3 CRN UK H&S Survey 
 

Date commissioned 

2006 (published date). 

 

Commissioned by  

Community Recycling Network (CRN) UK. 

 

Research conducted by  

CRN UK. 

 

Geographical coverage & relevance to Wales  

Survey covered UK, data not broken down further than UK level. 

 

Study objectives  

To establish whether the figures presented in Bomel (2004) were representative of the Community Recycling 

Network membership. 

 

Method  
CRN UK compiled and sent out a Health & Safety Survey to 52 CRN Members who were operating a kerbside 

scheme as a main or secondary activity; 32 responses were received and used to compile this data (62.5% 

response level). 

 

Summary of main findings of relevance to current study  

Accident statistics from CRN illustrated that the generic picture from the BOMEL 2004 report did not represent the 

reality for the community recycling network. Their findings are found in Table 11. 

 

Study limitations  

The study only applies to community based operations that predominantly use a kerbside sorting methodology as 

either their main or secondary activity in a setting that may not be directly comparable to other systems of 

collection. 

 

Table 11: CRN UK Health and Safety Survey compared to national figures 

Accident rate per 100,000 over 1 year 

Accident breakdown 
National 

Rate 

CRN UK Survey of kerbside 

recycling (2004/5) 
Difference from national rate 

Overall accidents 559 1,469 2.6 times above 

Fatal injury accident 0.9 0* 0.9 times below 

Major injury accident 101 105 1.03 times above 

 

No information is given that allows comparison in methodologies of collection to other kerbside collection 

organisations in the public and private sectors (e.g. whether ‘task and finish’ is in operation or not). 

 

The study could only use data from those organisations that chose to respond, so sampling could be biased (those 

with a poor record may have been tempted not to reply thus giving a more positive set of results).  

 

There is a conflict of interests in that the study was both commissioned and carried out by the CRN UK. No raw 

data was presented to support the findings or allow further interrogation of the source data. It is assumed that the 

lack of raw data was to ensure a high response rate to an often contentious request for data that was to be placed 

in the public domain.  

 

What would have been of additional value to the reader is a breakdown of the overall accident rate which is still 

over 2.5 times the national average.  
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Validity of conclusions  

There is no other published data to challenge that the conclusions of the report are not valid for the community 

based recycling network. However, although this element of resource collection is important, it provides only 

headline statistics on accident rates alone for the kerbside collection systems in the community recycling network.  
 

4.3.4 A Health and Safety Study of Kerbside Recycling Schemes using Boxes and Bags 2006 
 

Date commissioned 

2006 (published, date of commission not stated in report) 

 

Commissioned by  

Community Recycling Network UK 

 

Research conducted by  

CHERE (Centre for Health and Environmental Research and Expertise) and Cylch (Wales Community Recycling 

Network). 

 

Geographical coverage & relevance to Wales  

Study is directly relevant to Wales as the study took place in 9 anonymous locations across Wales (see page 17 of 

the study). These nine organisations were made up of four community sector organisations, four local authorities 

and one large private sector organisation. 

 

Study objectives  

To examine the occupational health issues for operatives working on kerbside recycling schemes using bags and 

boxes as well as  providing recommendations to assist in developing training to improve H&S and the delivery of a 

series of regional training sessions based on its findings (in Wales). 

 

Method  

Detailed observations of kerbside recycling collections using boxes and bags were recorded in the field using 

observation sheets and digital video recordings, with analysis by qualified health and safety practitioners. However, 

methodology of how samples were chosen is not stated. 

 

Summary of main findings of relevance to current study  

This study did not identify any significant risks within kerbside recycling operations, using boxes and bags, that 

could not be effectively managed and controlled. 

 

The main risks identified were musculoskeletal in nature and related to poor vehicle selection and design for the 

operation of collection (probably a caged vehicle but not stated), requiring bags to be thrown 2-3 metres high into 

the vehicle. Side loading vehicles did not pose this risk. 

 

Plastic boxes appeared, from observations, to present a lower risk than bags. The two main problems with bags 

are the ergonomics of manual handling and the risks associated with sharps injury when objects penetrate a bag. 

The main risks associated with boxes were the decanting and sorting of the contents and the occasional carrying of 

two boxes by operatives. The problems with bags included the ease with which more than one bag in each hand 

could be carried, the risk of sharps injury from the bags contents and the risk of strains from swinging bags over 

the head to the back of a vehicle. 

 

Road traffic risks could be effectively managed by using side loading vehicles and waiting on the collection side of 

the road. Where rear-loading vehicles are used, the risk of traffic accidents would potentially be higher. 

 

Study limitations 

The focus of the research was to make detailed observations of the occupational health risks for operatives working 

on a kerbside collection using boxes or a co-mingled operation using bags or a single-stream collection using bags. 

It was noted that while these categories were convenient for classifying the types of collection, during fieldwork the 

boundaries of these were, and often are, blurred. 

 

Collection using wheeled bins was not explored. 

 

In order to ensure the anonymity of the operations and operatives, all recorded data and figures are not shown in 

this report. 
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The report does not state the sampling methodology so the reader cannot ascertain the degree of bias in the 

sample such as if the small sample chosen was from the highest recycling area in those three authorities. The 27, 

22 and 39 boxes weighed and collected are such a small number on which to base the report. The variability of the 

task demands larger samples to be taken to make such judgements regarding the effect of kerbside collection on 

an operative’s health. 

 

Validity of conclusions  

Conclusions are based on observations (which are preferable) rather than laboratory based studies. The 

methodology of sampling is not given in the report. 

 

The main hazards identified - traffic, poor vehicle design and bad technique - can all be managed effectively. These 

conclusions are based on the requirement to follow the basic principles of sensible risk management and guidance 

issued by the HSE and are therefore valid. 

 

The report states that ‘plastic boxes appeared, from observations to present a lower risk than bags’. This statement 

is based on the practice observed during the study that, in comparison, bags tended to be collected in higher 

multiples than boxes and that sharps injuries are a greater risk from bags than from boxes. It does not necessarily 

follow that sharps injuries are a greater risk from bags than boxes per se. Certainly, broken glass can penetrate a 

plastic bag but an operative handling broken glass in a box during the manual sorting element of work is also at 

significant risk so this cannot be discounted so readily. Therefore, a holistic approach to risk assessment would be 

a better approach. 

 

One element of the study involved the random sampling of box and bag weights of recyclable materials (Table 12). 

Although the report claims that samples were taken randomly, the methodology by which this randomness was 

achieved is not stated. For a sample to be truly random, each possible sample from the population must have the 

same probability of being selected; if only a small sample is taken, this likelihood is diminished and the risk of 

sample bias (either intentional or unintentional) increases. If the weights are truly representative of the wider 

industry, the heaviest box exceeds the 13kg maximum recommended guideline by 15kg for women and 8kg for 

men (of the Manual Handling Operations Regulations, see Appendix 1). 

 

Table 12: Box and bag weight data from an average of 10 samples across 9 different schemes (kg) 

Box or bag Lightest Heaviest Mean 

Box 0.5 12.0 4.9 

Bag 0.5 28.0 6.4 

 

The CHERE study states that it believes that sufficient qualitative data had been collected in its survey on which to 

make valid recommendations. However, because there were three schemes in nine different geographical areas (as 

well as other variables) it is likely that at least some of the schemes are not directly comparable and that to 

average the samples taken is not a valid measurement. Furthermore, Appendix 1 of the report provides a copy of 

the data collection sheet for each area sampled and this requires a sample of between five to 10 samples for each 

scheme with regard to the weight of boxes and bags. The mean weights presented above are based on an average 

of 10 samples per area. This implies that some schemes had less than 10 samples collected although the report 

also states that there were a minimum of 10 samples for each area. In any event, it is unlikely that a sample of 10 

is sufficient to represent each of the areas sampled.  

 

Some may argue that, in total, 90 samples were taken which is a larger sample size but one must remember that 

sampling is an attempt to estimate the parent population from which the data is taken. In order to sample 

effectively, the parent population must first be identified and we point the reader to Table 9 which demonstrates 

the variability of recycling schemes. The variability is so diverse that one cannot define a target population for even 

one scheme as variation exists not just between schemes, but also within them. Thus, to mix data sets without 

proving their similarities is not statistically valid. 

 

4.3.5 WRAP research (unpublished) Box weight data 
 

Date commissioned  

2006 

 

Commissioned by 

WRAP 
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Research conducted by 

HCW consultants Ltd 

 

Geographical coverage & relevance to Wales  

Samples taken from kerbside sort operations in English local authorities. Relevant to Wales in terms of general 

comparisons. 

 

Study objectives  

To provide data on maximum weights that given kerbside boxes, from a range of manufacturers in 40 litres, 44 

litres and 55 litres capacities could contain based on pure streams of materials. Maximum weights are of interest in 

terms of whether they exceed the manual handling recommended maximum guideline filter in the manual handling 

regulations guidance. 

 

Method  

Samples were taken at random from a range of hoppers with pure streams of materials that had been collected 

from a box based kerbside sort collection service. Materials came from across the whole collection area and were 

stored ready for transport storage depot. Freshly calibrated scales were used to weigh boxes and their contents to 

the nearest 0.5kg. Boxes were filled to, but not over, the brim level (so that, in theory, a lid could be fitted). 

 

Summary of main findings 

Data collected from the study is presented in Table 13. Minimum weight was for plastics at 2kg, maximum weight 

was 20kg for paper in a 55 litre capacity box. Using this data, theoretical weights for any number of combinations 

of materials per box volume could be calculated. However, such theoretical calculations are of limited use when 

one has actual data in the field that could be used to establish the real weights workers are exposed to.  

 

Table 13: Box weight with different recyclate contents (no lids) (kg) 

Shaded area indicates weights in excess of the 13kg filter in L23 for females 

Box size 

in litres 

Box 

Shape 
Plastic Cans Paper 

Glass 

Clear Green Brown 

40 Trapezoid 2.0 3.0 12.0 12.5 12.5 12.5 

        

44 Rectangular 2.0 3.0 13.5 14.0 13.5 14.5 

44 Rectangular 2.0 3.5 15.5 12.5 13.0 14.0 

        

55 Rectangular 2.5 4.0 20.0 16.5 17.0 17.5 

55 Rectangular 2.5 3.5 17.0 16.0 17.0 17.5 

 

 All weights are in kg to nearest 0.5kg. Boxes weighed 1.5kg, (lids were not used but weigh 0.5kg). Box 

dimensions varied slightly between the boxes used, although the volumes stated by manufacturers were the 

same. No averages are shown as the sample size is too small to justify this. Filter for mid lower leg and close to 

body lift is 13kg for women and 20kg for men. 

 Box volume has a direct relationship with the weight that can be placed into a box, assuming a close to body 

lifting technique and above mid lower leg height of the top of the box. 

 All weights for all materials were within the 20kg filter for males. 

 All weights in both 44 and 55 litre boxes were in excess of the L23 guidelines for paper and glass (highlighted 

in yellow in Table 13). 

 Box volume is a useful engineering control that designers of schemes should use when designing collection 

schemes. 

Study limitations  

The study took samples from only one area of study and only one sample of each stream was taken. The study did 

not look at weights from operational data. The study did not look at bagged recyclable materials that can be found 

in some schemes. 
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Validity of conclusions  

The weights observed and recorded are maximum possible weights for the area from which the materials are 

collected and are only representative of the materials collectable in that area. Readers should weigh their own 

boxes to determine the mix of materials that are presented in their schemes. However, volume of boxes is a 

control measure that designers of schemes should be mindful of in order to ensure their risk assessments are 

suitable and sufficient. 

 

4.3.6 WRAP Time Study Data on Average Kerbside Recycling Weights 
 

Date commissioned  

2006 

 

Commissioned by  

WRAP 

 

Research conducted by 

HCW consultants Ltd. 

 

Geographical coverage & relevance to Wales  

Samples taken from kerbside sort operations in English local authorities. Relevant to Wales in terms of general 

comparisons. 

 

Study objectives  

Data compiled from work study measurement of kerbside sort operations to establish level of resources needed for 

efficiency purposes. 

 

Method  

Data for work study was based on direct observation and recording of work done based on the British Standards 

for work study. The HCW Consultants Ltd data was based on tonnage collected overall and measured against 

participants. This was mostly contained in a recycling box but residents who put out a bag of newspaper and 

residents who put out a full box and a sack alongside other recyclables would both be considered as one 

participant. This is important for the purpose of the research into the subject of manual handling operations as 

overall weight is more significant, than that of individual boxes. 

 

Summary of main findings of relevance to current study  

Some box weight data from HCW Consultants Ltd is set out in Appendix 2 of the report and is summarised in Table 

14 below:  

 

Table 14: Time study data from a range of kerbside recycling operations in England 

Authority Tonnage Set out 
Mean 

Kg 

Mean Kg + 

box weight 

Crew 

size 

Materials 

Collected 
Frequency 

Daventry 21.73 3,124 6.95 8.45 3 All materials Weekly 

S. Northants 4.04 2,247 1.8 3.3 3 
Cans and 

plastic 
Week 1 

S. Northants 19 2,015 9.43 10.93 3 
Glass and 

paper 
Week 2 

BCC 51.321 8,766 5.85 7.35 2 All materials Weekly 

BCC 21.432 3,815 5.62 7.12 3 All materials Weekly 

Oldham 24.28 3,399 7.14 8.64 4 All materials Weekly 

TOTAL 141.803 23,366 6.07 7.63    

 

The data is probably not directly comparable to each of the three research areas sampled in HSL/2006/25 as 

different vehicles, materials and staffing levels make direct comparison difficult. However, what the data does 

provide is the actual weight each crew and loader collected using a number of different collection systems, areas 

and recycling performance.  
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The aggregate mean weight of 7.63kg (including the 55 litre box weight) per participant of the study tonnage is 

considerably lower than that observed by HSL (9.88, 8.06 and 11.38kg) though the author states that these 

averages are purely illustrative and is doubtful such averages are valid across a range of schemes. 

 

HCW Consultants Ltd data shows that all the schemes sampled do not exceed the HSE filters (Manual Handling 

Operations Regulations for males and females (of 20kg and 13kg respectively)) as long as a close to body and mid 

lower leg height lift is assumed.  

 

Study limitations  

Data compiled from work study measurement of kerbside sort operations aims to establish the level of resources 

needed for efficiency purposes, not to establish box weights per se. 

 

Although the time study data presented here has limitations (in that it was not captured specifically for the 

purposes of this health and safety study), it gives the most accurate picture currently available in England of 

average box weights for a range of schemes. 

 

The work measurement undertaken by HCW Consultants Ltd (mainly for WRAP) did not weigh individual recycling 

boxes but total tonnage collected and number of participants. It does not take into account the weight of the box 

or lid.  

 

Validity of conclusions  

The data collected is based on 41 study days and 231.33 observed collection hours (work content only i.e. breaks 

and runs to tips etc. have been stripped out) and on actual tonnage recorded. This is likely to be more 

representative of the expected average box weight recycling operatives collect in each scheme than the observed 

workload research by HSL. 

 

4.3.7 Noise Exposure in Glass Collections for Recycling 
 

Date commissioned 

2010, for publishing 2011. Only brief details are included here. Interested readers are directed to the WRAP web 

site to await full publication in early 2011. 

 

Commissioned by 

WRAP 

 

Research conducted by 

Hoare Lea Acoustics 

 

Geographical coverage & relevance to Wales 

Covers operations across the UK, including operations in Wales and is directly relevant to Wales. 

 

Study objectives 

To gain a deeper understanding of the occupational noise exposure faced by operatives associated with glass 

recycling across a range of collection methods and vehicle designs currently in use across the UK (comparison to 

refuse collection schemes was also included). The study also aimed to provide quantitative data on typical noise 

levels and highlight systems that generate excessive noise which pose a long term health risk to workers. 

 

Method 

Noise exposure levels were determined for 21 recycling collection methods, including the following systems:  

 

 single-stream co-mingled; 

 two-stream co-mingled; 

 kerbsider type vehicle; 

 stillage vehicle; 

 commercial glass; and 

 bottle bank collection. 

A selection of vehicles tested included trial noise reduction features intended to reduce noise exposure to 

operatives.  
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The field surveys required an acoustic consultant to travel with the crew and shadow the crew during normal work 

activities. Extensive measurements were made of sound pressure level at the operative’s ear during different 

collection activities. The noise levels of specific activities were quantified. The activities varied according to the type 

of collection system and vehicle design but included actions such as a single kerbside box sort at the vehicle, a 

quick drop of materials to a trough or stillage, a hydraulic bin lift, a tip to refuse collection vehicle and slave bin 

fills. Roaming measurements were also carried out whereby the noise level was recorded over a longer duration to 

establish typical average noise exposure for a series of repetitive collection activities. In the case of both the event 

and roaming measurements, multiple repeat samples were obtained to establish typicality.  

 

Summary of main findings of relevance to current study  

It was determined that almost all recycling collection systems were found to generate daily noise exposure levels 

which could potentially exceed the Noise at Work Regulations Lower Exposure Action Value.  

 

The co-mingled single-stream and conventional wheeled bin refuse collection systems, which are similar in nature, 

were found to be at the boundary of the Lower Exposure Action Value but there is a risk that this is exceeded when 

operatives exceed 400 loads per shift. 

 

The co-mingled two-stream system led to marginally higher noise levels than the single-stream, most likely due to 

less buffering from co-mingled fibres, as these are collected separately from glass and other containers.  

 

The co-mingled two-stream system, where boxes are loaded into slave bins by the operatives, led to much higher 

noise exposure levels than the other co-mingled systems, with significant risk to exceed the Upper Exposure Action 

Value. This was due mainly to workers being exposed to the noise from the direct fill of the slave bin. 

 

All stillage vehicles tested that did not have any specific noise reduction features were found to generate relatively 

high noise levels with the potential to exceed the Upper Exposure Action Value. The worst case noise exposure 

level measured for a trough loading vehicle system significantly exceeded the Upper Limit Value of the Regulations.  

 

Results of noise dosage from 2 stillage vehicles with noise reduction features were similar and in the zone between 

the lower and upper exposure action values. This indicates that the noise reduction trials have been effective in 

reducing the daily exposure to below the Upper Exposure Action Value (a regulatory requirement) and that further 

reductions might be achieved by adapting the top slide/lid which guides glass containers to the stillage. 

 

The outcome of the study clearly supports the previously issued guidance by the HSE (Reducing Kerbside glass 

collection noise risks in the waste and recycling industry) that there is risk of high levels of noise exposure to 

operatives involved in the collection of glass for recycling.  In the case of kerbside sort collections systems, the risk 

is significant. Physical measures to reduce noise have however proven to be effective. However, appropriate 

engineering is necessary to select suitable materials, develop solutions to achieve optimum reduction and to 

coordinate with other operations factors. 

 

Study limitations  

There were a number of recognised limitations from the start regarding information that could reasonably be 

obtained from the field measurements within the constraints of the research objectives.  

 

Firstly the values presented within the report do not represent a noise exposure assessment specific to the precise 

operational timings of individual collection authorities. No account is taken of the number of boxes collected or the 

time to complete a round. However these have been normalised, in recognition of the variation in methods, and 

the results are modelled for a wide range of possible box collection numbers. It should be noted that the report 

provides guidance only and that individual authorities are responsible in law for carrying out their own noise at 

work assessments specific to their operational management procedures. 

 

Secondly, as the project employed field measurements to obtain typical operational noise levels it was recognised it 

would not be possible to accurately determine the effectiveness of specific noise reduction measures that have 

been implemented on certain vehicles, such as the lining of stillages. Controlled conditions similar to those used by 

the Health and Safety Laboratory would be required to obtain such information. 

 

The study is careful to show that the effect of hearing protection was not considered as the project aimed to 

sample noise exposure as it is experienced operationally. Readers should be aware that correctly selected hearing 

protection can filter out the frequency of noise that is undesirable and still leave sufficient hearing capacity to 

detect other noises such as voices and traffic noise. However, readers should also note that the law requires that 

engineering solutions to health and safety issues should be attempted where this is reasonably practicable at a 
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general level, before the use of personal protective equipment is considered. In the case of Noise at Work, the law 

dictates that engineering measures must be implemented 

 

Validity of conclusions 

The conclusions appear to be valid and have implications for those authorities that either conduct or have 

contracted out kerbside glass collections which require them to assess and, if necessary, modify the work 

equipment that they are currently using. The study also has implications under the Provision and Use of Work 

Equipment Regulations (PUWER) for the designers, manufacturers, purchasers and users of such equipment to 

ensure that such equipment is ‘fit for purpose’ (see also http://www.hse.gov.uk/risk/theory/alarp3.htm). 

 

4.3.8 Manual Handling in Kerbside Collection and Sorting of Recyclables HSL/2006/25 
 

Date commissioned  

2006 

 

Commissioned by  

HSE 

 

Research conducted by  

HSL (Health and Safety Laboratory independent from HSE since 1995). 

 

Geographical coverage & relevance to Wales  

Covers UK generally, no National specific data. 

 

Study objectives  
An investigation into the risks for musculoskeletal disorders (MSDs) to waste/recycling collectors engaged in 

kerbside collection of recyclables was undertaken to provide authoritative guidance on control measures to limit 

risk within existing systems. The work focused specifically on the risks associated with the collection of recyclables 

in boxes and the sorting of the recyclables on or alongside the vehicle. 

 

Method  
Data utilised in this report was collected from site visits to operational recycling rounds and from box and vehicle 

manufacturers. The data collected includes video footage, photographs, box and vehicle dimensions and box 

weights. The following aspects of box collection schemes were studied: receptacle and handle design, load, vehicle 

design and influence on posture, lifting frequency and technique, carry distance, environmental factors and work 

organisation.  

 

Summary of main findings of relevance to current study 

 

 The maximum weight of a box using lab based box weight combinations was 22.1kg. 

 Box weights were lower when not filled above the top level. 

 Kerbside collection box weights were lower when collected weekly rather than fortnightly. 

 Boxes should be designed with handles for gloved hands. 

 Stooping postures exceed National Institute for Occupational Safety and Health (NIOSH) guidelines when males 

lift more than 13kg boxes. Lifting an 11.4kg box twice a minute (observed frequency) for a period of 8 hours 

would be acceptable for 80% and 20% of British male and females respectively. 

 Vehicles should be designed to ensure operative postures do not exceed recommended guidelines. 

Study limitations 

The effect of box design on manual handling risk indicates the importance of considering box design when 

attempting to ensure safe handling. However, we are not sure that the comparator of using the whole working 

population is the correct one to use. The report states that 50% of males and females were used for the 

assessment. HCW Consultants Ltd has conducted work which involves observing recycling collections in many 

environments across the country and from this experience would conclude that collecting and sorting recyclables at 

kerbside cannot be sustained by the ‘average person’. Fundamentally it requires someone who is used to manual 

work and, from experience, fewer females than males are attracted to this work however more detailed study 

would be needed to investigate this further. HCW’s experience is that there is a large degree of self-selection by 

those carrying out this work because many start as agency workers and soon find other work if they are not suited 

to the task. 

 

http://www.hse.gov.uk/risk/theory/alarp3.htm
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When considering the posture adopted when loading different types of vehicle, no attempt is made to explain the 

competence of the operative (degree of training and experience). The worst-case scenario is used for all postures 

based on limited observed time. 

 

On the receptacle/vehicle interface, many varied postures have been seen during crew observation but a good 

training video and more proactive supervision would address this issue. No mention is made of the various 

authorities’ and contractors’ training of operatives, risk assessments and codes of safe working which detract from 

the findings. It is important to understand whether operatives were adhering to any lifting and sorting instructions 

that may have been given. 

 

The frequency of lifting has been calculated by HCW Consultants Ltd as 1.68 participants (or lifts) per minute. This 

takes into account a wide range of environments ranging from highly urban to rural or low and high set out rates 

and is thus more representative than a very limited sample. However it is not widely different from the three 

schemes HSL observed. 

 

The three schemes visited were recorded on video and the recorded observation time for each scheme was 16, 35 

and 42 minutes respectively. This is a small sample size on which to base what a person collects in a day, 

particularly when considering the variability of recycling with differing participation rates and different material 

mixes within one authority, let alone between authorities. As a result this small sample size is likely to be 

statistically unrepresentative. This tends to undermine the report and the lack of validating information from these 

schemes (such as tonnes collected per crew, set out and capture rates) suggests that any assessment of average 

box weight may be flawed.    

 

If more information was known about the sample areas visited by HSL for the 2006 report, alongside the 

methodology used to select these areas, the results of HSL productivity could have been compared with the actual 

tonnage and properties collected by the crews observed to establish if it was representative of the industry. The 

HSL 2006 report provides no indication of recycling rates or socio-economic factors to indicate how representative 

authorities may have been. These factors can have a major impact on productivity (economies of scale) as well as 

average box weight contents. As a result inclusion of this comparative information would have added validity to 

their findings and knowledge of the sample areas could have provided some additional perspective.  

 

The report fails to give any information about the operatives observed. It would have been important to establish 

their level of experience as lifting techniques and posture have significant effects on safety. Therefore the report 

should have indicated whether the operatives were experienced and trained or relatively new and/or untrained 

employees possibly from an agency.  

 

Validity of conclusions  

The recommended use of a wheeled bin over non-wheeled containers is in line with current legislation (reg 4 (1)(a) 

and HSE guidance on manual handling (L23). It is accepted that non-wheeled bin containers are inherently more 

hazardous than wheeled bins but without comparing empirical data of injuries from refuse collection and kerbside 

sorting operations, this assumption remains untested. 

 

It is surprising that the report concludes that ‘’job and finish’ is unlikely to impact upon the overall risk of 

musculoskeletal injury’ as working at a faster rate can increase the chance of injury. HCW Consultants Ltd have 

observed some operatives who stack up boxes and carry them to the vehicle and other crews who do not take any 

breaks in an attempt to finish early. It is obvious that there is a potential conflict between safety and ‘job and 

finish’ and this needs to be recognised. Changes in reward schemes, both financial and non-financial need to be 

considered. It is not known if there are any studies that have compared ‘task and finish’/’job and knock’/’job and 

finish’ (as they are colloquially known) based schemes and those that are not. Nor whether there are any studies 

which have established whether or not there is a statistically significant increased risk of injury between the two 

methods. 

 

Suggesting that crews should rest after carrying boxes further than 10m when a task and finish culture pervades 

the industry is unlikely to happen and is therefore unrealistic. Operatives often have a very good sense of their 

individual capacity and this judgement should be left to them but within a framework of competency about the 

issues surrounding manual handling and good supervision. Crew members are unlikely to carry spring balances 

with them and members of the public are unlikely to weigh and label boxes. However, decanting contents into 

already empty boxes if the weight is excessive is a sensible solution that has been observed occasionally and, in 

some authorities, a ‘slave bin’ system is used usually utilising a wheeled bin. 
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Readers of the report cannot validate the findings as raw data is not included as an appendix to the reports. 

Sample sizes used in the report are small and are therefore likely to be unintentionally biased samples in terms of 

statistical sampling. 

 

4.3.9 Collecting, Transfer, Treatment and Processing Household Waste and Recyclables 
(Research Report 609) 

 

Date commissioned  

2008 (published date) 

 

Commissioned by  

Health and Safety Laboratory (HSL) were jointly commissioned by the Health ands Safety Executive (HSE), the 

Department for Environment, Food and Rural Affairs (Defra), the Scottish Government (SG) and the Welsh 

Assembly Government (WAG). 

 

Research conducted by  

HSL 

 

Geographical coverage & relevance to Wales  

Covers all countries within the UK, with trial authorities in Wales, Scotland and England. 

 

Study objectives  

The overall aim of the project was to provide a means for local authorities and others to compare the level of 

health and safety risk from different waste and recyclables management systems for the full waste life cycle (not 

just collection) through the development and use of an Excel based risk comparator tool. The intention was that 

this comparative data could be used alongside other factors, for example environmental targets, cost and local 

availability, to help make a balanced decision on the most appropriate overall system, taking account of health and 

safety.  

 

Method  

The development of the ‘risk comparator tool’ was through review of relevant literature, discussion with 

stakeholders and observation of systems in practice and the analysis of information. Hazards were identified with 

which to populate the tool. Four industry workshops reviewed and validated the assessments and trial runs of the 

tool were conducted by the project management team. 

 

Summary of main findings of relevance to current study  

The risk comparator tool is considered fit-for-purpose, although it cannot be guaranteed that it will work 

everywhere. It is provided as-is without any on-going support.  

 

Local authorities felt that the tool would be useful for: 

 

 helping with strategic decision-making;  

 aiding the risk assessment process; and  

 increasing visibility of internal/business processes (e.g. decisions between different systems proposed, or 

rationale behind rejection of a proposed system).  

The report recommended that further work would be required to fulfil the ultimate aim of the project to provide 

health and safety information that can be used alongside other factors (for example environmental targets, cost, 

politics and local availability of a particular system) to help make a balanced decision on the most appropriate 

overall waste management system. 

 

Expert judgement was used in the formulation of probabilities and consequences in the absence of more robust 

data.  

 

Local authorities were unclear on how to interpret the risk ratings. Throughout the trial, the majority of local 

authorities asked for clarity regarding interpretation of the resultant risk ratings, both overall and in the results 

tables. 
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Local authorities generally found the results tables to be more meaningful than the overall ‘risk rating’ score, with 

most local authorities agreeing that the results tables contained useful information (e.g. organisation of the hazards 

by the activity they were associated with). 

 

The information was thought to be difficult to compare quickly. As a comparison tool, it was thought the 

differences between two systems (entered into the risk comparator tool) should be more apparent. It was noted 

that making comparisons would be difficult via the computer screen and would require the local authority to print 

out the results pages before ‘trawling’ through them. 

 

As an alternative, local authorities suggested a colour coding system either highlighting any differences in the risk 

ratings or activities between two alternatives, or simply highlighting ‘significant’ differences in hazards or activities. 

Local authorities are familiar and comfortable with this type of system as it is often used when tracking key 

performance indicators (KPIs) for monthly management meetings. 

 

In addition, a suggestion was made to present a summary page of the risk rating results table, with the 

opportunity to access further information (e.g. exposure, probability and consequence ratings) if desired. This was 

considered likely to focus the user on the relevant information only, i.e. the risk rating numbers. 

 

Study limitations  

How to balance other factors alongside the health and safety information was determined to be outside the scope 

of the research report. 

 

There were a number of limitations associated with these trials: 

Section 4.2 states: ‘This tool should not be used for the following: 

 

 outlawing any particular system or activity; or 

 as a substitute for a risk assessment for any implemented system – this would not constitute a suitable and 

sufficient (see Appendix 3 for guidance on this issue) risk assessment under the Management of Health and 

Safety at Work Regulations.’ 

Local authorities commented on the inability to select or otherwise capture differences between collection vehicles 

(including variation in bin-lift mechanisms, and how they are operated), waste streams, and the frequency of 

reversing vehicles. Although it was recognised as being difficult to capture, these features were believed to have an 

impact on the hazards and levels of risk. 

 

Local authorities questioned the risk comparator tool’s ability to make direct comparisons e.g. changing a bin 

collection system to a black bag collection system. It was stated that rounds typically take longer when using bins 

as opposed to bags, and questioned whether this was taken into account by the tool. 

 

Due to time and budgetary constraints, the sample used was limited in number. The opportunity sampling method 

employed allowed the work to be completed within the allocated timeframe but restricts the ability of the trial 

findings to be generalised. 

 

HCW Consultant’s experience when asking local authority officers in charge of recycling for the weight of boxes is 

that many do not know, so estimates of proportions of weights are not likely to be reliable unless guidance is given 

on how to select representative samples. 

 

It was felt by one local authority that the tool would tend to be used at a strategic level when major changes were 

due and that it might be used very infrequently e.g. only every 5-7 years. It must be noted that such infrequent 

use raises concerns about the contemporary nature of the information on waste systems captured within the tool. 

 

The amount of material in the container in use needs to be estimated. This has been defined as the proportion of 

households having containers for collection that are light, average or heavy. Again the methodology will allow for 

this distribution to vary across the housing types. Therefore, for each housing density, the proportion of 

households with containers falling into each weight category needs to be estimated and the total across the 

categories for each housing density must sum to 1 in the risk comparator tool.  
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4.3.10 An Assessment of the Health and Safety Costs and Benefits of Manual vs. Automated 
Waste Collections with Reference to Solid Waste and Recoverable Resources Industry 
Injury Causation (#3726) 

 

Date commissioned  

2009, published March 2010, latter report 2007 

 

Commissioned by  

Wasteminz Health and Safety Sector Group. The Waste Management Institute of New Zealand (WasteMINZ) is a 

non-profit organisation that was formed in 1989 to promote sustainable waste management (and is equivalent to 

the Chartered Institute of Waste Management in the UK). Later report by Accident Compensation Corporation NZ.  

 

Research conducted by  

Morrison Low Associates Ltd, later by Research New Zealand. 

 

Geographical coverage & relevance to Wales  

Study covers New Zealand. Waste management including recycling is carried out in similar ways to Wales, apart 

from the use of automated bin loading vehicles. 

 

Study objectives  

To assess the comparative benefits and costs of two primary methods for collecting domestic refuse and recyclable 

materials - namely ‘manual’ (‘loose’ or ‘bag’) versus ‘automated’ (‘bin’) collections. The emphasis is on comparing 

the health and safety impacts associated with these two collection methodologies such as the costs arising from 

injuries incurred by collectors. 

 

Method  

This project is a desktop assessment of the comparative benefits and costs of two primary methods for collecting 

domestic refuse and recyclable materials. The emphasis of the report is on comparing the health and safety costs 

associated with these two collection methodologies, such as the costs arising from injuries incurred by collectors. 

 

This process did not include a full field investigation of each collection methodology, materials processing 

operations or detailed job/task analysis but involved collation and analysis of available industry information and 

other relevant health and safety related data. 

 

Four of the largest waste operators in New Zealand submitted their data for this research and WasteMINZ is 

confident that the research is an accurate reflection of 75% of the waste industry’s workforce. 

 

For the purposes of this project ‘manual’ or ‘loose’ collection methods include: 

 

 the collection of domestic refuse, generally in a 60 litre rubbish bag, noting that bags can range in size, 

depending on the collection system in each territorial authority; and 

 the collection of domestic recyclables from open crates, ranging in size from 45 - 70 litres capacity and/or paper 

and cardboard that is bundled or bagged.  

For the purposes of this project ‘bin’ or ‘automated’ collection methods include:  

 

 the collection of domestic refuse in a ‘mobile waste container’ (MWC) of 120 litres and/or 240 litres capacity; 

and 

 the collection of domestic recyclables from an MWC of 240 litres capacity. 

As an outcome of this project, it was expected that the waste industry and the community in New Zealand will be 

provided with explicit information about the general health and safety costs associated with different collection 

methodologies. It is hoped that this information will assist decision makers in choosing a collection methodology 

that improves the health and safety record of the New Zealand waste industry. 

 

Summary of main findings of relevance to current study 

The NZ Code of Practice for manual handling states that for manual handling activities with a risk score of more 

than 50: ‘Injuries are likely regardless of the strength and fitness of employees. Elimination and the task or 

workplace redesign is a priority.’ (ACC and OSH, 2001, p46). Crates with a mean weight of 5.2kg collected from the 
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kerbside over an eight-hour period would produce a risk score of 72, thereby falling within this category of high 

injury risk. The reader should note that this 5.2kg figure is at variance with HSE guidance in L23. 

 

Table 9.4.2 of the report only compares bags with fully automated collection methods, not the 4 methods in the 

rest of the study – this may indicate a bias in the report. 

 

The main findings in terms of estimated injuries for each of the 4 methods in the study, when data is normalised to 

a rate of per 1,000,000 hours worked, is shown below. The data shows that fully automated collection has by far 

the lowest accident rate, followed by wheeled bins, bags and then loose collection. 

 

Table 15: Estimated injuries per 1,000,000 hours worked 

Method of collection Injuries/1,000,000 hrs worked 

Automated bin (Vehicle with driver operated side arm) 41 

Non automated (wheeled bin) 251 

Bag 368 

Loose material 2,602 

Sub sample based on providers whose usage of each method was known 

 

Study limitations  
The study is confined to kerbside collection processes and the potential injuries to collection staff. A range of 

assumptions are stated in section 11.3 with more detail given in their Appendix B. 

 

New Zealand uses refuse collection vehicles that can pick up and load bins and replace them without the driver 

leaving the vehicle. These vehicles are not suited to areas where parking density would restrict their use and are 

not common in the UK (if at all). 

   

Data covers New Zealand’s largest 4 operators (but is estimated to be 75% of operations) and only covers the 

operation of the year 2007. 

 

Section 6.2.4 misinterprets HSE L23 guidance and assumes that the manual handling recommended maximum load 

guideline filters are legal limits which they are not. 

 

Comparisons with Welsh and UK operations are difficult as there is no detailed operational data on which to make 

comparisons. 

 

4.3.11 Manual Handling in Refuse Collection HSL 2002/21 
 

Date commissioned  

2002 (published date) 

 

Commissioned by 

Health and Safety Laboratory (commercially independent (since 1995) arm of HSE) 

 

Research conducted by  

Health and Safety Laboratory (Pinder, A.D.J. and Milnes, E.) 

 

Geographical coverage & relevance to Wales  

Covers whole of UK with reference to international literature. 

 

Study objectives  

To review scientific literature on manual handling operations in refuse collection, identify risk factors for 

musculoskeletal disorders in refuse collection in an urban environment and provide recommendations for methods 

of reducing the risks of musculoskeletal disorders in refuse collection. 

  

Method  

A review of published scientific literature and comparison with data collected from the UK waste industry by this 

study, including observation of current practice, weights of refuse bags, posture analysis and physiological 

assessments. 
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Summary of main findings of relevance to current study  

Some of HSL/2002/21’s main findings (numbers as per original report) were that:  

 

1 The findings in the HSL/2002/21 studies were consistent with the largely European literature on manual 

handling in refuse collection. 

2 A wide range of factors, such as terrain, architecture, road layouts and traffic, the habits of drug addicts, local 

feeling on wheeled bins, and time of day, can affect the kind of manual handling operations carried out in 

refuse collection. 

3 Coding of postures using the ovako working posture analysing system (OWAS) showed that overall, stressful 

postures were adopted for small percentages of time with almost all falling into Action Category 1, which is 

deemed to not require action to be taken to reduce the risks from them.  

4 Typical weights of refuse sacks are between 4kg and 6kg. Fewer than 10% weigh more than 12kg. It is rare 

that a sack weighs more than 20kg. 

5 Bag handling when occurring takes place at approximately seven carries and throws per minute (based on the 

data sampled). 

6 Cardiovascular demands for the different methods of collection do not appear to be excessive for normally fit 

workers.  

7 From these findings, followed two recommendations that respectively state: 

 

‘Wherever possible refuse collection should be carried out using wheeled bins of appropriate sizes rather than bags 

or small dustbins’. 

 

 ‘Where recycling collections are made by local authorities or their contractors, separate wheeled bins should be 

provided wherever possible’. 

 

With regard to both of these recommendations, HSL/2002/21 reported from other papers that estimated 

mechanical loading studies based on compressive forces modelled on the lower back (L5/L1 (lumbar vertebrae 5 

and sacral vertebrae 1)) exceeded recommended maximums when pulling or pushing wheeled bins or handling 

them over kerbs (Frieberg and Isaksson (1974)). 

 

With regard to both of these recommendations, HSL/2002/21 reports from other papers that metabolic studies 

found oxygen consumption and heart rates were unacceptably high in bagged and small domestic bin operations, 

(Stassen et al 1992) based on exceeding the NIOSH recommended levels of 3400kN for lower back exertion and 

33% VO2 max (maximal rate of oxygen consumption). 

 

The Frings-Dresen 1995b study (taken from the 1995a report by the same authors) concluded that refuse 

collection by bags should be increasingly replaced with wheeled bin containers (bold added by the authors of this 

report). This is not comparing bags of recyclate with wheeled bins. 

 

De Looze et al’s data, (1995), a simulated biomechanical study, concluded that the largest factor affecting spinal 

compression was bag weight rather than the manner of handling or rave height over which bags must be lifted and 

thrown. In their study, they estimated that, although there were 807 bag lifts per day for operatives, refuse 

collection was characterised by short bursts of activity (assisted by crew members going in advance of vehicles and 

‘pulling out’ bags and placing accumulations on the kerbside) which involve high peak forces on the spine 

(exceeding the NIOSH action limits in most trials). However, the NIOSH action limits were not exceeded when 

pushing and pulling bins and because of this, use of bags should be discouraged. 

 

Note also that main finding 4 of HSL/2002/21 which contrasts with the comments in HSL/2006/25 regarding the 

effect of environmental factors on manual handling operations (the latter, in 3.4.2 references Powell (2005)) 

concludes that there is minimal effect if suitable clothing and access to water is available. 

 

Heart rate data (Table 16) indicated that all three methods of collection showed no significant difference and that 

all results were within acceptable ‘moderate work categories’. Note the sample size of 2 operatives per type of 

collection. 



 

Kerbside Collections Options: Wales 48 

 

 

Table 16: Heart rate data as recorded for and by HSL/2002/21 

Waste collection 

round type 

Sample 

size (n) 

Overall mean 

heart rate 

Overall mean 

working pulse 

Astrand and Rodahl 

(1986) rating 

Bags 2 106.5 20.5 moderate 

240 litre wheeled bins 2 95 20 moderate 

1,100 litre bins 2 101 16.5 moderate 

 

Refuse sack weight distribution (HSL/2002/21) shown in Figure 6, shows 89% of bag weights weigh no 

more than 10kg. Note that studies state that operatives rarely carry just one bag, and usually at least one in each 

hand (for balance). 

 

Figure 6: From HSL/2002/21 Distribution of refuse sack weights from a number of refuse sacks (sample of 115) 

 
 

Study limitations  

HSL/2002/21 presents bag weight data in the form of a distribution histogram which although a ‘normal 

distribution’, is skewed to the heavy side. Not unreasonably, the authors recognise that at the time the samples 

were taken, anecdotal evidence from crews (which could have been verified with analysis of weighbridge tonnage 

data) indicate that December bag weights tend to be heavier as people have a clear out prior to the impending 

pressure on waste storage due to increased packaging waste over the Christmas season. Moreover, van der Beek 

et al (1999) states that ‘seasonal variation is known to be very large in refuse collecting’ although there is no 

quantitative data presented to support this statement. 

 

No data is presented for the heart rate data shown above in Table 16 which identifies who and why the subjects 

used were chosen. Data about their age, levels of fitness, experience on the job, gender, terrain, etc. which might 

have an impact on their heart rates is also unavailable. Indeed, no detailed description is given of the study areas 

for these heart rate recordings so the ability of the reader to compare these to other areas is limited. 

 

Care is taken in the report (section 4.0) to point out the limitations in the sampling of data (bag weights and 

metabolic data) and the report notes that the sampling might not be representative due to the seasonal variability 

of refuse collection bag weights as noted qualitatively by crews interviewed. 

 

The authors would add here that comparison of sample statistics without a detailed appreciation of the population 

from which data is taken is not necessarily helpful because, without this knowledge, one cannot make sound 

interpretations of the similarities or differences of such data. In other words, averages alone are not meaningful 

comparators if only one dimension of the data is known. 

 

Validity of conclusions  

There are numerous reasons why some of the conclusions may not necessarily be valid (which is to say that they 

are not proven to be invalid but neither does the data prove that they are). 
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The title of HSL/2002/21 is Manual Handling in Refuse Collection and whilst the report does largely look at refuse 

collection, it does look at one recycling collection (in the field study element) but it is one based on a wheeled bin 

collection (not a kerbside collection). The report itself does not look at recyclable material collection in bags or 

boxes and cannot therefore make a valid recommendation as there is no data presented to substantiate this 

statement. 

 

In Table 17, the fifth column headed ‘Note’ illustrates that some data makes no comparison between bags and bins 

whilst other data shows that bins and bags are equivalent regarding energetic levels required. In some instances, 

wheeled bins place greater demands on operatives than bins or bags; in some, all 3 methods are above guidelines 

and in some, bags are indeed worse than bins. In an attempt to summarise these findings in a straightforward way 

(bearing in mind that the studies do not necessarily compare like for like), the final column of Table 17 provides a 

generalised summary of which method of collection was deemed less risky. The data does not conclusively show 

that refuse bags pose more risk than bin collection methods. 

 

It should be noted that none of the literature referred to in HSL/2002/21 either examined or compared bagged or 

box based kerbside recycling collections with wheeled bin collections. 

 

Many studies referred to by HSL/2002/21 were theory-based and used NIOSH recommended maximums for 8 

hours of work (Waters et al 1994) as baselines for acceptability: 

 

 NIOSH spinal loadings of 3,400 kN (mechanical load); and 

 NIOSH 33% VO2 max. (energetic level) 

The reader should be aware that reference to NIOSH guidelines (Waters et al 1994), page 11, states that the 

NIOSH model and guidelines are not applicable in the following scenarios relevant to this study. This is because 

mathematical modelling is as yet not sophisticated enough to model the multiple bodily forces that occur in such 

scenarios (See Appendix 4 of the NIOSH guidelines) to: 

 

 lifting/lowering while carrying, pushing or pulling; and 

 lifting/lowering with high speed motion (faster than about 30 inches or 72cm per second). 

Reference to Table 17 shows that many studies were also based on small sample sizes and, in addition to this, no 

methodologies are described with regard to how and why the samples taken were chosen. Nor are there detailed 

descriptions of the operations from which the data was taken that would allow the reader to ascertain the 

applicability of the data presented to any other given set of data. The data set with the greatest sample size was 

that of Stassen et al (1992) with 116 samples taken. 
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Table 17: Mechanical loading estimated in studies of refuse collection and energetic load related to waste collection 

after HSL 2002/21 from Poulsen et al 1995 

Mechanical loads estimated in refuse collection 

Study 

System (numbers refer 

to litre capacity of 

bins) 

Wheeled bin (WB) or 

non-wheeled bin 

(NWB)  

Sample 

size (n) 
Note 

Less risk 

predicted 

1 110 and 240 WB and NWB 6 no bag comparison n/a 

2 240 and 1,100  WB and NWB 1 no bag comparison n/a 

3 

bags n/a 

116 
 smaller bins > bin bags > 

euro bins 
bins 120 and 240 NWB and WB 

1,100 WB 

4 

7kg bags n/a 

17 
 smaller bins > bin bags > 

euro bins 
bins 120 and 240 (+22, 60kg) NWB and WB 

1,100 (+185kg) WB  

Energetic loads related to waste collection 

Study 

System (numbers refer 

to litre capacity of 

bins) 

Wheeled bin (WB) or 

non-wheeled bin 

(NWB)  

Sample 

size (n) 
Note 

Less risk 

predicted 

5 
bags n/a 

8 
overlap of levels (weight 

dependent?) 

not 

conclusive bins on cart NOT STATED 

6 
110 and 240 NWB and WB 17 not referred to in 

HSL/2002/21 
not usable 

1,100 WB 28 

7 

bags n/a 

10 + 

(15) 

bags and bins same, euro 

bins greater exertion 
bags = bins 120 and 240 NWB and WB 

700 and 1,100 WB 

8 
bags n/a 

23 
both methods below 

guidelines 
bags ≡ bins 

bins NOT STATED 

3 

bags n/a 

116 all methods above guidelines none 120 and 240 NWB and WB 

1,100 W 

9 1,100 W 6 no bag comparison n/a 

4 

7kg bags n/a   

bags > bins bins 120, 240 (+22kg) NWB and WB 17 

1,100 (+110kg) W   

MVC = maximum voluntary contraction, MWP = mean work pulse VO2max = maximal rate of oxygen consumption, HR= 

heart rate, n/a = not applicable.  

Study 1 Jager etal 1984, 2 Pedersen et al 1992, 3 Stassen et al 1992, 4 Markslag et al 1993, 5 Hansson & Klussell 1977, 6 

Klimmer et al 1996, 7 Boldt et al 1990, 8 Kemper et al 1990, 9 Luttman et al 1992. 

 

When comparing data sets, it is important that one is able to make valid comparisons. Reference to Table 17 

illustrates that in these studies the data regarding bin collection groups together both wheeled and non-wheeled 

bins ((column three) as this is how the refuse collection rounds samples worked in reality)) so the data presented 

is not a direct comparison between wheeled bins and bags. 
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Much of the study places strong emphasis on the fact that refuse collection involves not just lifting but twisting and 

throwing of the load. Throwing of the load is not necessarily an integral part of recycling collections and certainly 

not in a kerbside box based system where the container must be returned to the resident rather than thrown into 

the vehicle hopper for compaction. 

 

4.3.12 Health and Safety Appendix 1: Manual Handling Operations Regulations 
 
Manual Handling is defined as: 

 

 ‘...any transporting or supporting of a load (including the lifting, putting down, pushing, pulling, carrying or moving 

thereof) by hand or bodily force.’ 

 

The MHOR 1992 establish a clear hierarchy of measures for dealing with risks from manual handling, these are:  

 

 avoid hazardous manual handling operations so far as is reasonably practicable; 

 assess any hazardous manual handling operations that cannot be avoided; and 

 reduce the risk of injury so far as is reasonably practicable. 

A detailed assessment of every manual handling operation could be a major undertaking and might involve wasted 

effort. Many handling operations, for example the occasional lifting of a small lightweight object, will involve 

negligible handling risk. To help identify situations where a more detailed risk assessment is necessary, the HSE 

has developed a filter to screen out straightforward cases. 

 

Using the manual handling assessment chart (MAC) will help with the initial screening of possible high risk manual 

handling activities within the workplace. However, the MAC is NOT appropriate for all manual handing operations, 

and does NOT comprise a full risk assessment; therefore it is unlikely to be acceptable if relied upon alone. To be 

‘suitable and sufficient’, a risk assessment will normally need to take account of additional information such as 

individual capabilities (factors), and should conform to the requirements in the MHOR 1992 (available from HSE 

Books [5]). Persons with knowledge and experience of the handling operations, industry specific guidance, and 

specialist advice, may be of assistance. Remember, consult and involve employees and safety representatives. 

 

Guidance to regulations (HSE L23) 

 

Para 5 App 3 of L23: 

 

The filter is based partly on data in published scientific literature and partly on accumulated practical experience of 

assessing risks from manual handling. Its guideline figures are pragmatic, tried and tested; they are not based on 

any precise scientific formulae. The intention is to set out an approximate boundary within which the load is 

unlikely to create a risk of injury sufficient to warrant a detailed assessment.  

 

Application of the guidelines will provide a reasonable level of protection to around 95% of working men and 

women. However, the guidelines should not be regarded as safe weight limits for lifting. There is no threshold 

below which manual handling operations may be regarded as ‘safe’. Even operations lying within the boundary 

mapped out by the guidelines should be avoided or made less demanding wherever it is reasonably practicable 

to do so (bold by this author). 

 

Introduction, para 19 of L23: 

 

Where it is not possible to avoid a manual handling operation then employers have to assess any risks to the health 

of their employees. However, a full assessment of every manual handling operation could be a major undertaking 

and might involve wasted effort. To enable assessment work to be concentrated where it is most needed, Appendix 

3 gives numerical guidelines which can be used as an initial filter. This will help to identify those manual handling 

operations which need a more detailed examination. However, even manual handling operations which are within 

the guidelines should be avoided or made less demanding wherever it is reasonably practicable to do so. Do not 

regard the guidelines as precise recommendations. Where there is doubt make a more detailed 

assessment (non-italicised bold by HSE). 
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Recommended maximum load guidelines (HSE 1998) 

 

The diagram above is a filter recommended by the HSE for the risk assessment of manual handling. It is not a 

statement of legally binding maximums as sometimes understood but a means of highlighting when a more detailed 

risk assessment of operations should be carried out. 

 

Figures represent the total amount of weight lifted and, as HSL/2002/21 and CHERE studies point out, operatives 

were observed carrying more than one bag some of the time often with at least one bag in each hand, effectively 

doubling the weight carried. 

 

Moreover, the filter requires that these recommended maximum load levels are reduced by 50% when loading rate 

equates to 6 operations per minute. The figures above are therefore halved when this frequency of lifting is 

observed. If it is assumed that this is a time weighted average then the peaks seem sometimes in certain collection 

systems where bags are ‘pulled out’ in advance of the vehicle will be reduced by the less active parts of the rounds. 

 

Where operations are repeated Figures should be reduced by 

Once or twice per minute 30% 

Five to eight times per minute 50% 

More than 12 times per minute 80% 

If handler twists through (from front) Guideline figures (Figure 24) should be reduced by 

45º 10% 

90º 20% 

 

 

Guidelines for pushing and pulling 

 Men Women 

Guideline figure: stopping or starting a load 20kg (i.e. about 200 newtons) 15kg (i.e. about 150 newtons) 

Guideline figure: keeping the load in motion 10kg (i.e. about 100 newtons) 7kg (i.e. about 70 newtons) 

 

Weights and forces can be equated to 2% of the load weight (on a level surface with a well maintained wheeled 

bin).  
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Limitations of the filter 

 

Remember: The use of these guidelines does not affect the employer’s duty to avoid or reduce the risk of injury 

where this is reasonably practicable. The guideline figures, therefore, should not be regarded as weight limits 

or approved figures for safe lifting. They are an aid to highlight where detailed risk assessments are most 

needed. Where doubt remains, a more detailed risk assessment should always be made.  

 

The employer’s primary duty is to avoid operations which involve a risk of injury or, where it is not practicable to do 

so, to assess each such operation and reduce the risk of injury to the lowest level reasonably practicable. As the 

probability of injury rises, the employer must scrutinise the operation increasingly closely conducting a proper 

assessment and reducing the risk of injury so far as is reasonably practicable. Even for a minority of fit, well-trained 

individuals working under favourable conditions, operations which exceed the guideline figures by more than a 

factor of about two may represent a serious risk of injury. 



 

 

4.3.13 Health and Safety Appendix 2: HCW Consultants Time Study Data   
        

HCW CONSULTANTS TIME STUDY DATA 

Study 
System (numbers 

refer to litre 
capacity of bins) 

Wheeled bin 
(WB) or non-
wheeled bib 

(NWB)  

Sample 
size (n) 

Lab or 
field 
data 

Mechanical load on L5/S1 Note 
Less risk 

predicted 
Source 

1 110 and 240 WB and NWB 6 Lab often 200-400 Nm torque (twisting) no bag comparison n/a Jager et al (1984) 

2 240 and 1,100  WB and NWB 1 Lab >170 Nm torque (twisting) no bag comparison n/a Pedersen et al (1992) 

3 

bags n/a 

116 Field 

mean over day 14.2% MVC 
 smaller bins > bin bags > 

euro bins 
bins Stassen et al (1992) 120 and 240 NWB and WB mean over day 3.8% MVC 

1,100 WB mean over day 22.4% MVC 

4 

7kg bags n/a 

17 Lab 

standing 3400-5200 N; walking 3240-4680 N 
 smaller bins > bin bags > 

euro bins 
bins Markslag et al (1993) 120 and 240 

(+22,60Kg) 
NWB and WB tilt/push 1510-2280 N Tilt/push 1860-2650 N) 

1,100 (+185kg) WB  lift over kerb 5400 N 

      

Study System (numbers 
refer to litre 

capacity of bins) 

Wheeled bin 
(WB) or non-
wheeled bib 

(NWB)  

Sample 
size (n) 

Lab or 
field 
data 

Energetic level Note Less risk 
predicted 

Source 

5 
bags n/a 

8 Lab 
58, 63% of VO2max (34/54kg) overlap of levels (weight 

dependent?) 
not conclusive 

Hansson and Klussell 
(1977) bins on cart NOT STATED 60, 70% of VO2max (37/82kg) 

6 
110 and 240 NWB and WB 17 Lab 50% VO2max (units of reference not reported) 

not referred to in HSL/2002/21 not usable Klimmer et al (1982) 
1,100 WB 28 Field 36% VO2max (units of reference not reported) 

7 

bags n/a 

10 + (15) 

10 lab 
(15 field) 

MWP 37 bpm 
bags and bins same, euro bins 

greater exertion 
bags = bins Boldt et al (1990) 120 and 240 NWB and WB MWP 37 bpm (48 when in basements) 

700 and 1,100 WB   MWP 45 (when empty bin returned) 

8 
bags n/a 

23 Field 
HR 100 bpm avg 8hr VO2 <30% of VO2max both methods below 

guidelines 
bags ≡ bins Kemper et al (1990) 

bins NOT STATED HR 97 bpm avg 8hr VO2 <30% of VO2max 

3 

bags n/a 

116 Field 

59% of workers VO2>30%VO2max (8hr) 

all methods above guidelines none Stassen et al (1992) 120 and 240 NWB and WB 51% of workers VO2>30% VO2max (8hr) 

1,100 W 33% of workers VO2>30% VO2max (8hr) 

9 1,100 W 6 Not 
stated 

work pulse 40 bpm (above resting pulse) no bag comparison n/a Luttmann et al 1992 

4 

7kg bags n/a   

Lab VO2 waste bags > wheeled bins bags > bins bins Markslag et al (1993) 120, 240 (+22kg) NWB and WB 17 

1,100 (+110kg) W   

Mechanical loading estimated in studies of refuse collection and energetic load related to waste collection after HSL 2002/21 from Poulsen et al 1995. MVC = maximum voluntary contraction, MWP = mean work 
pulse VO2max = maximal rate of oxygen consumption, HR = heart rate, n/a = not applicable. NB Not all bins are wheeled 
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4.3.14 Health and Safety Appendix 3: Suitable and Sufficient 
 

This checklist is taken from HSE guidance for stress but is useful in giving the reader an understanding of the 

level of detail that is expected. Where available, cross reference has been made to relevant HSE guidance for the 

waste industry. 

 

Checklist: Is my risk assessment approach suitable and sufficient? 

If you can answer ‘yes’ to all the questions, then your approach is likely to be considered a suitable and sufficient 

risk assessment for work-related stress. 

 

 Do you include all the steps in the risk assessment process? www.hse.gov.uk/pubns/indg163.pdf 

 Do you focus on prevention and organisational level solutions? 

http://www.hse.gov.uk/waste/services/specification.htm (procurement) 

 Do you include provision for dealing with other issues, e.g. individual issues? 

 Do you ensure commitment from all parties (senior management, employees and their representatives)? 

 Do you have arrangements to identify those aspects of the work, work organisation or environment that are 

known to be risk factors for work-related stress? 

 Does your approach highlight the extent and nature of the gap, if any, between the current situation, and what is 

seen as good practice, e.g. ‘the states to be achieved’ in the Management Standards, for each of the identified 

stress risk areas? For waste, see http://www.hse.gov.uk/waste/wish.htm 

 Do you involve the workforce:  

  By asking about their views regarding good and bad features of workplace conditions? 

  By seeking their suggestions, advice and comments on potential solutions to problems (e.g. 

improvements to working conditions, changes in the way work is organised, etc)? 

  By ensuring that people are empowered to contribute and feel that their views are listened to and acted 

on? 

  By communicating outcomes (e.g. action plans)? 

 Do you seek to develop and adopt solutions that are ‘reasonably practicable’? 

 Do you provide documentation to show what you have done at each stage of the process and that you are 

implementing the recommended actions? See http://www.hse.gov.uk/pubns/priced/hsg65.pdf 

 

It is important that you document what you have done, whether you follow the Management Standards approach 

or an alternative approach to carrying out a risk assessment for work-related stress. Documenting the process 

you have followed provides an audit trail to help you demonstrate to the relevant inspection authorities that what 

you have done represents a suitable and sufficient risk assessment. 

http://www.hse.gov.uk/pubns/indg163.pdf
http://www.hse.gov.uk/waste/services/specification.htm
http://www.hse.gov.uk/waste/wish.htm
http://www.hse.gov.uk/pubns/priced/hsg65.pdf
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4.3.15 Health and Safety Appendix 4: HSE guidance on As Low As Reasonably Practicable 
 

(See http://www.hse.gov.uk/risk/theory/alarpglance.htm for further guidance.) 

 

ALARP and SFAIRP 

‘ALARP’ is short for ‘as low as reasonably practicable’. ‘SFAIRP’ is short for ‘so far as is reasonably practicable’. 

The two terms mean essentially the same thing and at their core is the concept of ‘reasonably practicable’; this 

involves weighing a risk against the trouble, time and money needed to control it. Thus, ALARP describes the 

level to which we expect to see workplace risks controlled.  

 

How HSE uses ALARP  

Using ‘reasonably practicable’ allows us to set goals for duty-holders, rather than being prescriptive. This 

flexibility is a great advantage but it has its drawbacks, too. Deciding whether a risk is ALARP can be challenging 

because it requires duty-holders and us to exercise judgement. In the great majority of cases, we can decide by 

referring to existing ‘good practice’ that has been established by a process of discussion with stakeholders to 

achieve a consensus about what is ALARP. For the waste industry, see http://www.hse.gov.uk/waste/wish.htm  

 

Why do I need to know about ALARP?  

The concept of ‘reasonably practicable’ lies at the heart of the British health and safety system. It is a key part of 

the general duties of the Health and Safety at Work etc. Act 1974 and many sets of health and safety regulations 

that we and local authorities enforce. HSC’s policy is that any proposed regulatory action (Regulations, ACoPs, 

guidance, campaigns, etc.) should be based on what is reasonably practicable.  

 

What is meant by reasonably practicable? 

The definition set out by the Court of Appeal (in its judgment in Edwards v. National Coal Board, [1949] 1 All ER 

743) is: 

 

‘Reasonably practicable’ is a narrower term than ‘physically possible’ … a computation must be made by the 

owner in which the quantum of risk is placed on one scale and the sacrifice involved in the measures necessary 

for averting the risk (whether in money, time or trouble) is placed in the other, and that, if it be shown that there 

is a gross disproportion between them – the risk being insignificant in relation to the sacrifice – the defendants 

discharge the onus on them.’ 

 

In essence, making sure a risk has been reduced ALARP is about weighing the risk against the sacrifice needed to 

further reduce it. The decision is weighted in favour of health and safety because the presumption is that the 

duty-holder should implement the risk reduction measure. To avoid having to make this sacrifice, the duty-holder 

must be able to show that it would be grossly disproportionate to the benefits of risk reduction that would be 

achieved. Thus, the process is not one of balancing the costs and benefits of measures but, rather, of adopting 

measures except where they are ruled out because they involve grossly disproportionate sacrifices. Extreme 

examples might be: 

 

 to spend £1m to prevent five staff suffering bruised knees is obviously grossly disproportionate; but  

 to spend £1m to prevent a major explosion capable of killing 150 people is obviously proportionate. 

Of course, in reality many decisions about risk and the controls that achieve ALARP are not so obvious. Factors 

come into play such as on-going costs set against remote chances of one-off events, or daily expense and 

supervision time required to ensure that, for example, employees wear ear defenders set against a chance of 

developing hearing loss at some time in the future. It requires judgment. There is no simple formula for 

computing what is ALARP. 

 

How to tell if a risk is ALARP  

Using ‘reasonably practicable’ allows us to set goals for duty-holders, rather than being prescriptive. This 

flexibility is a great advantage. It allows duty-holders to choose the method that is best for them and so it 

supports innovation but it has its drawbacks too. Deciding whether a risk is ALARP can be challenging because it 

requires duty-holders and us to exercise judgment. 

 

http://www.hse.gov.uk/risk/theory/alarpglance.htm
http://www.hse.gov.uk/waste/wish.htm
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Deciding by good practice  

In most situations, deciding whether the risks are ALARP involves a comparison between the control measures a 

duty-holder has in place or is proposing and the measures we would normally expect to see in such 

circumstances i.e. relevant good practice. ‘Good practice’ is defined in the general ALARP guidance5 as ‘those 

standards for controlling risk that HSE has judged and recognised as satisfying the law, when applied to a 

particular relevant case, in an appropriate manner.’ We decide, by consensus, what is good practice through a 

process of discussion with stakeholders such as employers, trade associations, other Government departments, 

trade unions, health and safety professionals and suppliers. 

 

Once what is good practice has been determined, much of the discussion with duty-holders about whether a risk 

is or will be ALARP is likely to be concerned with the relevance of good practice, and how appropriately it has 

been (or will be) implemented. Where there is relevant, recognised good practice, we expect duty-

holders to follow it. If they want to do something different, they must be able to demonstrate to our 

satisfaction that the measures they propose to use are at least as effective in controlling the risk. 

 

5.0 Phase 2: Case study authorities 
 

In order to inform the approach to the Wales-wide cost-benefit analysis for the different dry recycling systems, 

this Phase of work examined in detail the waste flows from the point of collection to end destination for six case 

study authorities in Wales. The financial and environmental costs associated with those waste flows were then 

calculated to provide an overall cost-benefit analysis of each case study. In addition, appropriate metrics were 

used to compare the social aspects of the different approaches to collecting dry recyclables. The overall purpose 

of Phase 2 was to establish a greater understanding of the ‘doorstep to end destination’ flow of materials and 

associated costs, effectively providing ‘real-life’ examples to inform the modelling required for the Wales-wide 

Phase 3 analysis. The six case study authorities selected to be subjects of this research were chosen based on 

the following criteria: 

 

 selected authorities had to be willing volunteers, prepared to cooperate with the study and to contribute 

officer time to assisting with the research; 

 two authorities were required to represent each dry recycling system: two kerbside sort, two two-stream and 

two co-mingled systems; 

 ideally, the six should include two urban, two rural and two valleys authorities, to represent the differences 

between authorities with regard to factors such as collection logistics; and 

 ideally, no two authorities should have the same MRF arrangements (to maximise the research potential for 

the project regarding the ways that different MRFs operate and the financial and environmental impacts of 

MRF operations). 

A Technical Advisory Group was established, comprising of a shortlist of potential case study authorities, 

alongside representatives from WAG, WRAP and the Welsh Local Government Association. The first meeting of 

this group considered a number of configurations of case study authorities and the following six authorities were 

subsequently invited to participate in the study: 

 

 Cardiff Council; 

 Gwynedd Council; 

 Monmouthshire County Council; 

 Newport City Council; 

 Pembrokeshire County Council; and 

 Rhondda Cynon Taf (RCT) County Borough Council.  

5.1 Methodology 
 

This section details the steps that were taken in order to deliver the Phase 2: case study element of the project.  

 

                                                      
5 http://www.hse.gov.uk/risk/theory/alarp.htm  

http://www.hse.gov.uk/risk/theory/alarp.htm
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5.1.1 Initial site visit 
 

An initial site visit to each authority was undertaken to observe the flow of materials from the point of collection 

through the MRF and/or bulking facility, ready to be hauled to various reprocessors.  

 

5.1.2 Finance and resources questionnaire 
 

Each authority was requested to provide budget/financial out-turn information and data on the resources 

employed to deliver the core collection services (dry recycling, refuse and organic waste collections). Given the 

significant change in service seen in each of the case study authorities over the most recent financial out-turn 

period (2009/10), five of the six authorities provided their most up-to-date budgets for 2010/11 for analysis, with 

one authority providing their 2009/10 financial out-turns for analysis. The budgets and financial out-turns were 

then analysed to determine the costs of the dry recycling and residual waste collection services and to identify 

any limitations to the direct comparability of costs between authorities.  

 

5.1.3 Financial modelling 
 

The cost calculations and cost apportionment methods identified above were then harmonised between services 

and authorities, to ensure costs were as directly comparable as possible. Refuse costs were included alongside 

dry recycling costs because of the related avoided disposal environmental benefits that result from increased 

recycling of materials. Organic costs were excluded, with appropriate adjustments made to other service provider 

costs where required, as not all authorities currently collect both garden and food waste, and due to the added 

complication of most of the case study authorities being only part way through roll-outs of separate food waste 

collections. The key cost elements harmonised across the authorities were: 

 

1 The removal of any materials income associated with bring sites, except for in the case of Pembrokeshire 

where, unlike the other case study authorities, glass is collected in bring sites rather than at the kerbside. 

Costs of glass collection and the associated materials income was treated as if it formed part of the overall 

kerbside collection costs for Pembrokeshire. 

2 The annualising of containment costs. 

3 Adjustments were made where other materials are co-collected with dry recycling / residual waste. 

4 Adjustments were also made to ensure that back-office costs were not included in front-line service costs. 

5 MRF and bulking depot capital costs were added to the overall costs for the two authorities who had these 

facilities paid for by European funding. 

6 Treatment and disposal costs were calculated based on the tonnage collected at kerbside and gate fees 

provided by each authority. 

 

However, no adjustments were made to the materials income obtained (£ per tonne) by each authority, to 

variations in salaries, to facility operating costs or to variations in MRF costs (including gate fees paid). Hence the 

financial costs obtained must be considered in light of these variations. 

 

5.1.4 Health and safety questionnaire 
 

Each authority was also requested to provide data for the three year period from April 2007 to March 2010 

relating to health and safety for both the collection of dry recyclables at the kerbside and the handling and 

sorting of dry recyclables either at a bulking depot or MRF. Data requests included information on RIDDOR 

reports, actual accidents and near miss reports.  

 

5.1.4.1 Health and safety data 
 

Table 18 summarises the data provided by each case study authority in relation to health and safety. It should be 

noted that for Monmouthshire, the only data available covered the period up to November 2009 (i.e. the kerbside 

sort service) with no data currently available for the co-mingled service that has been in place since then. In 

addition, the data provided by Cardiff covers the whole of waste services rather than being specific to kerbside 

operations, and as such the figures will include incidents and accidents relating to other services such as street 

cleansing. The data provided by Pembrokeshire and RCT do not include figures relating to activities at the MRF, 

making it difficult to draw any useful comparison between the case study authorities in terms of their health and 

safety performance.  
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Table 18: Health and safety data provided by the case study authorities 

Authority 
Service areas for 

which the data 
was supplied 

RIDDOR 
incidents 

Non-
reportable 
incidences 

and near 
misses 

2007/8  

Non-
reportable 
incidences 

and near 
misses 

2008/09 

Non-reportable 
incidences and 

near misses 
2009/10 

Most frequently 
occurring 

category of non-
reportable 

accident 
recorded - as a 

% of all non-
reportable 
accidents 
recorded  

Second most 
frequently 
occurring 

category of 
non-reportable 

accident 
recorded - as a 

% of all non-
reportable 
accidents 

recorded  

Third most 
frequently 
occurring 

category of non-
reportable 

accident 
recorded - as a 

% of all non-
reportable 
accidents 

recorded  

Cardiff 

All waste services 
including kerbside 

collection operations 
& handling & sorting 

operations 

The number has 
remained static 

between 2007/8 
and 2009/10 

195 
Decreased by 

3% of 2007/08 
levels to 190 

Decreased by 
34% of 2007/08 

levels to 126 

‘injured while 
handling, lifting or 

carrying’ at 22% 

‘slipped, tripped or fell on same level’ 
and ‘hit by moving, flying or falling 

object’ at 19% 

Gwynedd 
Kerbside collection 

operations 

Has dropped from 
four in 2007/08 to 

one in 2008/09 
and one in 

2009/10 

13 
Decreased by 

38% of 2007/08 
levels to 8 

Decreased by 
31% of 2007/08 

levels to 9 

‘manual handling 
related injuries not 

involving cuts and 
grazes’ at 33%  

‘incident 
involving a 

vehicle’ at 17%  

‘sips, trips & falls’, 
‘cuts & grazes 

related to manual 
handling’ and 

‘struck by 
something fixed or 
stationary’ each at 

13% 

Gwynedd 
Handling & sorting 

operations 

Zero in 2007/08, 
one in 2008/09 

and one in 
2009/10 

5 
Decreased by 

20% of 2007/08 
levels to 4 

Decreased by 
40% of 2007/08 

levels to 3 

‘manual handling 
related injuries not 
involving cuts and 

grazes’ at 42%  

‘slips, trips and 
falls’ at 25% 

‘cuts & grazes 
related to manual 
handling’, ‘cuts & 
grazes other than 

those related to 
manual handling’, 
‘incident involving 

a vehicle’ and 
‘verbal abuse’ each 

at 8% 
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Authority 
Service areas for 

which the data 
was supplied 

RIDDOR 
incidents 

Non-
reportable 
incidences 

and near 
misses 

2007/8  

Non-
reportable 
incidences 

and near 
misses 

2008/09 

Non-reportable 
incidences and 

near misses 
2009/10 

Most frequently 

occurring 
category of non-

reportable 
accident 

recorded - as a 
% of all non-

reportable 
accidents 
recorded  

Second most 
frequently 
occurring 

category of 
non-reportable 

accident 
recorded - as a 

% of all non-
reportable 
accidents 
recorded  

Third most 
frequently 
occurring 

category of non-
reportable 

accident 
recorded - as a 

% of all non-
reportable 
accidents 
recorded  

Monmouthshire 
Kerbside collection 

operations 

Has dropped from 
two in 2007/08 to 

zero in 2008/09 
and one in 

2009/10 

18 
Decreased by 

17% of 2007/08 
levels to 15 

Decreased by 
44% of 2007/08 

levels to 10 

‘cuts and grazes 
related to manual 
handling’ at 42%  

‘slips, trips and 
falls’ at 33%  

‘other manual 
handling injuries’ 

at 26% 

Monmouthshire 
Handling & sorting 

operations 

One in 2007/08, 
zero in 2008/09 

and zero in 
2009/10 

0 2 1 
The only category of non-reportable accident recorded is ‘cuts 

and grazes relating to manual handling’ 

Newport 
Kerbside collection 

operations 

Three in 2007/08 

to five in 2008/09 
and five in 

2009/10 

17 

Increased by 

41% of 2007/08 
levels to 24 

Increased by 29% 

of 2007/08 levels 
to 22 

‘cuts and grazes 

other than those 
related to manual 
handling’ at 30%  

by ‘cuts and 

grazes related to 
manual handling’ 

at 29% 

‘slips, trips & falls’ 
at 27% 

Newport 
Handling & sorting 

operations 

One incident in 
2007/08, one in 

2008/09 and one 
in 2009/10 

0 0 2 
‘slips, trips & falls’ and ‘cuts & grazes other than those related 

to manual handling’ each at 50% 

Pembrokeshire 

All waste services 
including kerbside 

collection but not 
including handling & 

sorting operations 

14 in 2007/08 to 

nine in 2008/09 
and then to seven 

in 2009/10 

43 

Decreased by 

58% of 2007/08 
levels to 18 

Decreased by 

33% of 2007/08 
levels to 29 

‘slips, trips and 
falls’ at 41%  

‘other manual 
handling related 

injuries not 
involving cuts & 
grazes’ at 33% 

‘struck by a 

moving object’ at 
19% 

RCT 
Kerbside collection 

operations 

Eight in 2007/08 
to five in 2008/09 

and 2009/10 
9 

Decreased by 
44% of 2007/08 

levels to 5 

Decreased by 
78% of 2007/08 

levels to 2 

‘struck by an 
object/flying 

material’ at 44%  

‘slips, trips & falls’, ‘cuts & grazes 
related to manual handling’ and ‘cuts & 

grazes other than those related to 
manual handling’ each at 13% 
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5.1.5 Social metrics 
 

The social metrics to be analysed for each of the case studies were discussed with the Technical Advisory Group. 

Importantly, it was noted that while the methodological approach to incorporating environmental costs and 

benefits using monetised damage costs in the framework of cost-benefit analysis (CBA) is well established and 

widely accepted, there is no such consensus on the approach to social impacts. Although data was provided on 

factors such as employment as part of the resource information request to each authority, analysis of the 

potential social impacts of the dry recycling schemes was thus undertaken separately to the CBA; as such it is 

presented as part of the wider overall results in Section 6.2.5 of the summary report ‘Kerbside Collection Options: 

Wales’. 

 

5.1.6 Mass flow modelling 
 

Mass flow models were produced for each case study authority to demonstrate the fates determined for various 

material streams and to quantify the flow of materials from kerbside collection to their fates.  

 

5.1.6.1 Primary waste analysis  
 

Sampling was undertaken at the ‘back door’ of three MRFs – the Cardiff MRF and the two MRFs used by 

Pembrokeshire County Council. Sampling was focused on those areas where the biggest gaps in information were 

found to exist with respect to the quality of material produced in the MRF.  

 

Cardiff MRF 

Between 19 and 21 September 2010, Resource Futures collected samples from each of the major MRF output 

streams with the exception of paper (for which data was already available) and glass (due to a problem with the 

glass sorting equipment while the analysis was being conducted). 

 

The materials sampled, sample collection method, target weight for each sample and number of samples sorted 

are shown in Table 19. 

 

Table 19: Sampling regime Cardiff MRF 

Material Collection method Target kg Samples 

Aluminium cans Split 2 bales of material 25kg 7 

Steel cans Diverted from baler chamber 25kg 6 

HDPE Split bale 25kg 1 

Mixed plastics Diverted from baler chamber 25kg 1 

Plastic film Diverted from baler chamber 15kg 1 

Residual picked at bag splitter cabin Collected from stillage under cabin 25kg 4 

Residual picked at paper cabin Collected from skip under cabin 25kg 4 

End of line material (for H.W. Martin) Brushed directly from end of line 25kg 3 

 

Samples were collected with the aid of site staff, and sorted by a two-person team using a wooden sort table. 

The end of line material was sorted using a 40mm screen, and the sub-40mm fraction sub-sampled using a 

coning and quartering method. All other materials were sorted in their entirety. 

 

The materials were then hand sorted into containers according to a pre-agreed list of material categories, and 

weighed off using digital scales. The results were recorded on paper for input into Excel spreadsheets.  

 

Pembrokeshire County Council 

Resource Futures collected samples from two MRFs in Pembrokeshire. Material was sampled from the SITA 

Withyhedge Landfill MRF, between the 25 and 28 of October and from the AJ Recycling MRF at Boncath between 

the 29 October and 1 of November. Samples were collected from all the major output streams at both facilities. 
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The materials sampled, sample collection method, target weight for each sample and number of samples sorted 

at each MRF are shown in Table 20 and Table 21. 

 

Table 20: Sampling regime SITA Landfill MRF, Withyhedge 

Material Collection method 
Target 

kg 
Samples 

Paper – large Hand collected from bay under sort cabin 50kg 4 

Paper – small Hand collected from bay under sort cabin 25kg 4 

Aluminium cans Diverted from picked aluminium 25kg 7 

Steel cans Hand collected from bay under sort cabin 25kg 7 

Cardboard Hand collected from bay under sort cabin 50kg 2 

Plastic bottles Hand collected from bay under sort cabin 25kg 1 

Plastic film Hand collected from bay under sort cabin 25kg 2 

Residual bay 1 – screenings Hand collected from bay under sort cabin 10kg 5 

Residual bay 2 – pick Hand collected from bay under sort cabin 20kg 5 

 

Table 21: Sampling regime AJ Recycling MRF, Boncath  

Material Collection method 
Target 

kg 
Samples 

Paper– large Hand collected from bay under sort cabin 50kg 2 

Paper – small Hand collected from bay under sort cabin 25kg 2 

Aluminium cans Diverted from picked aluminium 25kg 4 

Steel cans Hand collected from bay under sort cabin 25kg 4 

Cardboard Hand collected from bay under sort cabin 20kg 1 

Plastic bottles Hand collected from bay under sort cabin 20kg 2 

Residual Hand collected from bay under sort cabin 10kg 4 

  

Samples were collected by hand from bays beneath the sorting cabin and sorted by a two-person team using a 

wooden sort table. The fine residual material (Boncath residual and Withyhedge residual from the screens) was 

sorted using a 40mm screen, and the sub-40mm fraction sub-sampled using a coning and quartering method. All 

other materials were sorted in their entirety. 

 

The materials were then hand sorted into containers according to a pre-agreed list of material categories, and 

weighed off using digital scales. The results were recorded on paper for input into Excel spreadsheets.  

 

5.1.6.2 Process models 
 

A process model was derived for each MRF and bulking depot as applicable, to help determine the product 

streams resulting from this process. These models were based on information provided by the MRFs and depots 

themselves, as well as that derived from the initial site visits and primary sampling of material. Given the 

complexity involved in the MRF processes, these are described in the text given below. Note that the key to 

accompany the process flow models shown below can be found in Figure 7.  

 

The Cardiff MRF process 

Figure 8 shows the Cardiff MRF process. The key elements of the process are as follows:  

1. the input material enters the bag splitter; 

2. and onto the first picking line, where green plastic recycling bags and over-sized non-target material is 

picked off; 

3. before it crosses a star screen, to remove glass and fines; and  

4. enters the second cabin, where cardboard boxes and green plastic bags are picked. 
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5. the material then crosses a double star screen: 

a. the top layer of material enters a news & pams picking line, where non-target material is 

removed by a positive hand pick, before being bulked (loose) in bays prior to transport; and  

b. the lower paper layer enters the soft mix pick line for removal of non-target materials, and the 

resulting product is then baled. 

6. the remaining material travels through an overband magnet to remove ferrous metals, which are baled; 

7. and on to a glass breaker, where the fine glass content in broken down – this material is added to by 

the material from the star screen in step 3; 

8. the remaining material enters an eddy current separator, which removes the non-ferrous metals. These 

are then hand picked from the belt that feeds the aluminium baler to remove any remaining 

contaminants;  

9. the material not removed by the eddy current travels onto a conveyor, where the plastics are hand 

picked in two streams (natural HDPE bottles and mixed plastics); and 

10. the remaining end-of-line material falls off the end of the conveyor into a baler. This material is sent to 

H.W. Martin in Leeds for further processing. 

The Gwynedd bulking depot/ MRF process 

Figure 9 shows the Gwynedd bulking depot/MRF process. 

 

The SCA MRF process (Monmouthshire) 

Figure 10 and Figure 11 show the SCA MRF process. The bagged material from Monmouthshire is tipped in the 

reception hall. As noted previously, even though the material is presented as two-stream at the point of 

collection, it is effectively treated as a single-stream material. The material is mixed with all other co-mingled 

material and goes through a bag splitter which also acts as a flow regulator. The material then takes the 

following route through the facility: 

1. Pick cabin, where the plastic film (clear and colour) and any oversize contamination is removed. 

2. Over the old corrugated cardboard (OCC) separator, with the card going up over the top into the OCC 

bunker and all other material falling through the separator onto the debris roll screen (DRS) glass 

breaker line; 

3. DRS glass breaker line:  

a. Small fractions (including glass) fall through on to the glass breaker line and go off to a vibro 

screen. Before reaching the vibro screen, there is an overband magnet to remove ferrous 

material; 

i. At the vibro screen, 0-10mm fines become residue, leaving 10-50mm glass, and the 

material goes through a wind shifter which pulls off the fibre and takes it to the mixed 

paper bunker; 

b. The oversize material goes over a sort screen, with the news & pams going up over the top and 

into a picking cabin where contamination is removed before the news & pams enters a bunker. 

The material falling through the screen goes to another DRS where further glass material is 

removed and transported back to point 3a above; 

4. Material going over the DRS goes onto another polishing screen where mixed paper goes up over the 

screen and all the containers (plastic and metal) roll off the bottom and go through the final sorting 

process for containers; 

a. Mixed paper goes through a picking cabin where contaminants are picked off and the mixed 

fibre goes into a bunker; 

5. The containers go through an overband magnet where the ferrous containers are removed; 

6. The remaining material goes through two optical sorters where the PET clear and HDPE natural are 

removed, leaving mixed plastics and aluminium; 

7. The aluminium is taken off at the end of the process; 

8. Material streams are then cleaned and the contamination is added to the residue bunker. 

 

The Newport bulking depot process 

Figure 12 shows the Newport bulking depot process. 

 

The Pembrokeshire MRF process 

Figure 13 and Figure 14 show the Pembrokeshire MRF processes. The composition of the product being produced 

at each of the MRFs is modelled on fieldwork data gathered as part of this project. Time was spent at both the 

SITA (4 days) and AJ Recycling (2 days) MRFs carrying out compositional analysis of all the product and residual 

streams. The sorting process at both MRFs is primarily based on a positive hand pick system. The material arrives 
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bagged and is opened (mechanically at SITA and by hand at AJ Recycling) before entering a ‘picking cabin’. The 

paper, card and plastics products are all positively picked by hand off the line. The steel is removed by an 

overband magnet and the aluminium is recovered through an EC system. In total over 55 samples were sorted 

over the two facilities. 

 

In both MRFs the fibre is collected in two separate bays with the big items (whole newspapers etc.) being pulled 

off first and then smaller items (sheets of paper and newspaper etc.) pulled off further down the line. Samples of 

material are taken from each of the bays and sorted separately. The composition of the fibre is based on 

apportioning the profiles of each bay based on conversations with the MRF operators as to their contribution to 

the whole. This method was also applied to the residue in the SITA MRF.  

 

The RCT MRF process 

Figure 15 and Figure 16 show the RCT MRF processes. The RCT County Borough Council collection system was a 

complicated system to model. The material is collected in two separate bags, containers in one bag and paper in 

another bag. This is collected in the same single body vehicle as the garden waste. All the material is tipped 

together and it is processed together through the same facility. The material flow is also complicated by the fact 

that the facility also processes material from Merthyr Tydfil and Caerphilly, with the material from these two 

councils being processed together over a night shift.  

 

The residue from the operational data sent through from RCT yields two estimates for residue as a percentage of 

the total kerbside dry throughput: 7.6% and 12.5%, depending on whether only ‘residual’ or other materials for 

EfW and inert wastes for landfill cover are also considered. The presence of garden waste further complicates the 

picture, as we are attempting here to tie residual arisings to kerbside dry WDF tonnages alone, without 

consideration of garden waste reported tonnages. In view of these uncertainties, we have assumed a central 

estimate of 10% of the MRF throughput as being residues. 

 

We have also been informed that 40% of the material from the Bryn Pica facility is sent to Siteserv for 

processing. Due to the complications that result from the above points, we have not modelled this MRF 

separately. Despite several attempts from Resource Futures to find out more about Siteserv, we have only 

learned that the product streams and fates for Siteserv are very similar to those for Bryn Pica. In light of this, we 

decided to retain the mass flow modelling of all tonnages as if they were all going through Bryn Pica, as adding a 

second MRF model would make no difference. With the basic information obtained, we would have had to apply 

the same product stream splits, compositional profiles and fates as Bryn Pica anyway. 
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Figure 7: Key to process maps 
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Figure 8: Primary MRF (Cardiff) 
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Figure 9: Bulking/sorting at Caergylchu Depot (Gwynedd) 
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Figure 10: Primary MRF (1st Diagram, SCA) 
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Figure 11: Primary MRF (2nd Diagram, SCA) 
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Figure 12: Newport Wastesavers 
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Figure 13: SITA MRF (Pembrokeshire) 
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Figure 14: AJ Recycling MRF (Pembrokeshire) 
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Figure 15: Primary MRF (Bryn Pica, RCT) 
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Figure 16: Secondary MRF (Siteserv, RCT) 
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5.1.6.3 Waste flow models  
 

Mass flow models were produced for each of the six case study authorities to calculate the fates determined for 

various material streams and quantify the flow of materials from kerbside collection to their fates. WasteDataFlow 

(WDF) tonnages for 2009/10 reported by each of the authorities were used as the starting point in the mass flow. 

WDF tonnages for the following streams were input for each authority: 

 

 kerbside household refuse; 

 kerbside household dry recycling; 

 kerbside household organics collections; and 

 bring sites. 

Tonnages for bring sites were included since authorities not targeting a particular material at kerbside for 

recycling (glass for example) are likely to have considerably higher tonnages of this material captured at bring 

sites than authorities which target the material at kerbside. This was important in order to sense check recycling 

yields for the various authorities, with consideration of bring sites being required alongside kerbside recycling in 

order be able to consistently assess comparative recycling yields. 

 

The composition of all waste streams was reconciled with the following compositional category list, used 

throughout the project:  

 

 news & pams; 

 non-target fibre; 

 brown board; 

 grey and white board; 

 cartons; 

 plastic film (LDPE); 

 plastic bottles; 

 other dense plastic packaging; 

 other dense plastic (non-packaging); 

 textiles; 

 glass; 

 ferrous cans; 

 other ferrous; 

 aluminium cans (UBC); 

 other non-ferrous; 

 garden waste; 

 food waste; 

 hazardous; 

 WEEE; and 

 other: miscellaneous / fines. 

In designing the categories it was necessary to keep the list reasonably simple, in order to avoid unnecessary 

levels of detail within the material flows (which would have made the design of the models excessively complex) 

and to account for limited data availability in terms of detailed compositional profiles for many product streams. 

On the other hand, it was necessary to be able to distinguish between categories of material that would be 

associated with significantly different outputs with respect to fate of materials in the mass flow models, in 

particular those likely to significantly impact the environmental modelling. For example, it was important to 

distinguish between ferrous and non-ferrous metals, due to the significantly different environmental benefits 

associated with recycling ferrous and non-ferrous metals.  

 

The arisings of different components for each product stream were estimated by applying compositional profiles 

for each stream to the relevant WDF tonnage. Arisings within kerbside refuse of the various components in the 
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category list were determined by applying compositional profiles for kerbside residual waste (derived from data 

from the WastesWork and AEA on behalf of WAG The Composition of Municipal Solid Waste in Wales, 2010 

project) to WDF tonnages. Arisings for kerbside organics and bring sites were expressed in terms of the common 

category list through analysing separate tonnages for recycling streams reported in WDF. Where sufficient data 

was not available on the breakdown of WDF tonnages, reference data from Resource Futures on behalf of Defra, 

WR0119 Review of Municipal Waste Component Analyses, 2009 project were applied. Once the compositional 

breakdown of each kerbside dry material stream had been estimated in this way, the fate for each component 

was determined. Tonnage arisings for each component in the various kerbside dry product streams were 

subsequently produced for each relevant fate. These tonnages are arranged in a systematic array within the 

model and represent the outputs for the mass flow modelling. 

 

The main focus of the model was on determining the composition and fates of materials collected for kerbside dry 

recycling. The methodology applied for the various collection system types (kerbside sort, single and twin stream 

co-mingled) was essentially the same, though the methodology for kerbside sort is the simplest to describe and is 

therefore addressed first. 

 

Modelling of kerbside dry material flows for kerbside sort systems 

The kerbside sort authorities (Newport and Gwynedd) both reported separate tonnages for the different dry 

recycling streams targeted at the kerbside. Each type of material was treated as a separate product stream (e.g. 

news & pams, glass containers etc.). The arisings of different components for each product stream were 

estimated by applying compositional profiles for each stream to the relevant WDF tonnage. This is illustrated in 

Table 22, which relates to the news & pams product stream for Newport. A tonnage of 4,655 was reported by 

Newport for news & pams kerbside dry recycling, as derived from WDF 2009/10. The compositional profile is 

derived from reference data, in this case a compositional analysis of news & pams carried out by Resource 

Futures for another local authority (comments on the general use of reference or fieldwork data in the modelling 

are included below). In Table 22 we can see that the estimated arising of news & pams type materials within 

Newport’s kerbside collected news & pams was 95.23% of the material stream, equating to 4,433 tonnes; we can 

also see that ‘non-target fibre’ was estimated to constitute 3.60% of the material stream, equating to 168 tonnes; 

and so forth. 

 

Once the compositional breakdown of each kerbside dry material stream had been estimated in this way, the fate 

for each component was determined. The fates used across all the models consisted of the following: 

 

 recycling (with different types of recycling specified for materials with more than one recycling fate; for 

example the fates for paper fibres included newsprint, soft mix and OCC packaging); 

 landfill cover; 

 landfill disposal; 

 energy from waste; 

 combustion without energy recovery (materials transported to a separate facility to be incinerated, but with 

no formal energy recovery taking place); and 

 incinerated during the recycling process (materials incinerated in situ during the recycling process itself, i.e. 

burning off of combustible components during the smelting of metals). 

Continuing with the example of news & pams in Newport, it was determined that the fate of the various 

components were: 

 

 news & pams, brown board, grey and white board: 100% recycling as newsprint; and 

 all other components: 100% landfill disposal. 

For some components in some material streams in the various authorities, a particular component was split over 

several fates. For example, for the kerbside dry collected glass product stream in Newport it was determined that 

84% of glass was sent to remelt, whilst the remaining 16% was recycled as aggregates. The model includes 

various checks to ensure that the fates for each component equal 100%. From the aforementioned procedures, 

tonnage arisings for each component in the various kerbside dry product streams were produced for each 

relevant fate.  



 

 Kerbside Collections Options: Wales 77 
 

Table 22: Example of arisings allocation in a material (news & pams) 

 News & pams 

 % arising Tpa 

News & pams 95.23% 4,433 

Non-target fibre 3.60% 168 

Brown board 0.13% 6 

Grey and white board 0.72% 34 

Cartons 0.04% 2 

Plastic film (LDPE) 0.03% 1 

Plastic bottles 0.00% 0 

Other dense plastic packaging 0.01% 1 

Other dense plastic (non-packaging) 0.01% 0 

Textiles 0.00% 0 

Glass 0.10% 5 

Ferrous cans 0.04% 2 

Other ferrous 0.00% 0 

Aluminium cans (UBC) 0.01% 1 

Other non-ferrous 0.00% 0 

Garden waste 0.00% 0 

Food waste 0.00% 0 

Hazardous 0.08% 4 

WEEE 0.00% 0 

Other: misc / fines 0.00% 0 

TOTAL 100.00% 4,655 

 

Modelling kerbside dry material flows: single and two-stream co-mingled systems 

The modelling for co-mingled systems followed the same procedures as described above, essentially applying 

compositional profiles to different product streams and assigning fates for each component in each product 

stream. However, there were additional challenges, including determining the relative arisings of different product 

streams and accounting for residue arisings at MRFs. Many of the single and two-stream co-mingled authorities 

reported some or all of their kerbside dry tonnages within the co-mingled materials category in WDF, with no 

indication as to the relative concentrations of the materials targeted. The relative magnitudes of product streams 

and the MRF residue stream(s) relating to the kerbside dry materials collected, and sent to, one or more MRFs 

were determined. This was achieved by examining WDF tonnages (where separate material tonnages were 

reported), tonnage data from the MRFs themselves and through discussions with relevant contacts at the local 

authorities or MRFs. 

 

The use of reference data was more challenging for the single and two-stream co-mingled authorities, due to the 

wide variation in product stream compositional profiles at MRFs. Greater variations can be expected in 

comparison to compositional profiles for kerbside sort material streams, since a wide range of input streams and 

separation technologies or procedures are used at MRFs. In particular, the compositional profile of MRF residues 

can be expected to vary greatly between facilities. In light of this, it was decided to focus the gathering of 

fieldwork data on two of the authorities with co-mingled collection systems (Cardiff and Pembrokeshire), for 

which there was reasonable confidence that the samples sorted could be related to material collected by the 

authority in question (i.e. not mixed with inputs from other local authorities, or from commercial sources). It was 

not possible to sample all the product and residue streams for all the case study authorities. Therefore it was 

necessary, in many cases, to resort to reference data from compositional assessments carried out at other MRFs. 

 

Kerbside dry material flows 

The assumed composition of materials exiting the MRF or bulking depot for each authority are detailed in Table 

23 to Table 29. Diagrams of the known and assumed process flows from this point onwards are detailed in Figure 

17 to Figure 37. Further details on the intermediate processor and reprocessors’ processes are presented in 

Section 5.1.6.4. The key for the process flow diagrams is the same as that which was presented in Figure 7.
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Table 23: Assumed material compositions from the Cardiff MRF 

 NEWS & PAMS 
MIXED 
PAPER 

CARDBOARD GLASS STEEL AL 
MIXED 

PLASTICS 
HDPE 

PLASTIC 
FILM 

RESIDUE 
MRF 1 BALED 

FOR HW MARTIN  

News & pams 92.87% 78.71% 4.61% 5.67% 0.21% 0.11% 0.05% 0.00% 3.05% 10.08% 17.87% 

Non-target fibre 2.29% 3.03% 0.31% 0.36% 0.04% 0.02% 0.00% 0.00% 1.46% 5.48% 2.45% 

Brown board 0.82% 3.58% 67.94% 1.10% 0.02% 0.01% 0.00% 0.00% 5.57% 8.20% 16.40% 

Grey and white board 2.68% 9.38% 23.63% 0.71% 0.39% 0.03% 0.00% 0.00% 9.05% 2.78% 3.13% 

Cartons 0.38% 0.66% 0.43% 0.12% 0.00% 0.01% 0.00% 0.00% 0.17% 0.04% 0.86% 

Plastic film (LDPE) 0.29% 1.36% 0.20% 0.36% 0.49% 0.04% 0.03% 0.08% 61.16% 8.92% 3.47% 

Plastic bottles 0.06% 0.25% 0.44% 0.56% 0.14% 0.04% 97.03% 99.92% 1.01% 0.76% 40.55% 

Other dense plastic 
packaging 0.16% 0.76% 0.14% 0.20% 0.42% 0.08% 2.88% 0.00% 1.53% 0.61% 10.97% 

Other dense plastic 
(non-packaging) 0.11% 0.51% 0.04% 0.14% 0.03% 0.00% 0.00% 0.00% 0.84% 6.15% 0.78% 

Textiles 0.04% 0.11% 0.06% 0.06% 0.00% 0.00% 0.00% 0.00% 0.41% 21.30% 0.45% 

Glass 0.02% 0.67% 0.00% 90.00% 0.48% 0.00% 0.00% 0.00% 1.50% 1.74% 2.08% 

Ferrous cans 0.17% 0.67% 0.76% 0.37% 94.54% 0.00% 0.00% 0.00% 3.38% 2.54% 0.21% 

Other ferrous 0.01% 0.01% 0.01% 0.02% 0.49% 0.00% 0.00% 0.00% 0.16% 7.59% 0.08% 

Aluminium cans (UBC) 0.05% 0.20% 0.09% 0.11% 0.17% 99.38% 0.00% 0.00% 0.80% 0.13% 0.11% 

Other non-ferrous 0.00% 0.00% 0.02% 0.01% 0.10% 0.25% 0.00% 0.00% 0.04% 3.48% 0.02% 

Garden waste 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.43% 0.01% 

Food waste 0.02% 0.06% 0.00% 0.10% 0.28% 0.00% 0.00% 0.00% 1.57% 1.04% 0.34% 

Hazardous 0.00% 0.00% 0.00% 0.03% 0.34% 0.00% 0.00% 0.00% 0.00% 0.01% 0.04% 

WEEE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 

Other: misc / fines 0.01% 0.03% 1.32% 0.06% 1.86% 0.03% 0.00% 0.00% 8.30% 18.72% 0.19% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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 NEWS & PAMS 
MIXED 
PAPER 

CARDBOARD GLASS STEEL AL 
MIXED 

PLASTICS 
HDPE 

PLASTIC 
FILM 

RESIDUE 
MRF 1 BALED 

FOR HW MARTIN 

NOTES 

Mean of 37 

samples, Cardiff, 

MRF-001. 

THOUGHOUT 

(unless stated 

otherwise) [1] 

estimated Fe / 

Non-Fe split, from 

WR0119 & Ball 

Packaging data on 

arisings in 

kerbside recycling. 

[2] Plastics non-

bottles split from 

WR0119 average 

split (res + rec in 

KS) [3] 

Breakdown of 

garden waste, 

food waste, WEEE 

and other based 

on applying 

relative arisings of 

these categories 

in LA's kerbside 

residual to the 

original other 

MRF-001 category 

arisings. 

Mean of 

36 

samples, 

Cardiff, 

MRF-001. 

Based on 

Pembrokeshire 

Withyhedge, 

positively 

hand picked 

cardboard, 2 

samples. 

Based on MRF-

001 Cardiff 

(mean of 20 

samples), but 

composition of 

material 

passing 

through 10mm 

screen 

unknown; total 

arising glass 

assumed to be 

90%. Cardiff 

values: glass 

69.6%; 

material 

<10mm 

21.2%. 

Therefore 

assuming 90% 

glass arising 

means that 

20.4% of glass 

arises in 

<10mm 

fraction, i.e. 

96% of that 

fraction 

consists of 

glass. 

Mean of 6 

samples 

sorted at 

the facility 

for this 

project. 

Mean of 7 

samples 

sorted at 

the facility 

for this 

project. 

1 sample 

sorted at 

the facility 

for this 

project. 

Positive 

pick, which 

can be 

expected to 

result in 

high purity, 

as found in 

the sample, 

lending 

confidence 

to this 

profile. 

1 sample 

sorted at 

the facility 

for this 

project. 

Positive 

pick, which 

can be 

expected to 

result in 

high purity, 

as found in 

the sample, 

lending 

confidence 

to this 

profile. 

Mean of 2 

samples 

sorted at 

the facility 

for this 

project. 

Mean of 8 

samples 

sorted at 

the facility 

for this 

project. 

Average, 3 months 

sampling, May to 

July 2010. 

Reconciliation of 

categories etc. in 

‘Leeds’ worksheet. 

Used in preference 

to RF's 3 on site 

fieldwork samples 

as these represent 

data from 

significantly greater 

sampling. 
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Table 24: Assumed material compositions collected Gwynedd 

 NEWS & PAMS CARD 
MIXED PLASTICS - 

mainly bottles 
GLASS STEEL ALUMINIUM 

News & pams 76.76% 2.73% 1.08% 0.28% 0.26% 0.09% 

Non-target fibre 3.60% 0.18% 0.09% 0.02% 0.13% 0.04% 

Brown board 0.13% 70.49% 0.30% 0.06% 0.17% 0.06% 

Grey and white board 19.19% 24.51% 0.64% 0.04% 0.28% 0.09% 

Cartons 0.04% 0.25% 0.09% 0.01% 1.00% 0.33% 

Plastic film (LDPE) 0.03% 0.12% 5.55% 0.02% 0.17% 0.06% 

Plastic bottles 0.00% 0.26% 83.73% 0.03% 0.04% 0.01% 

Other dense plastic packaging 0.01% 0.08% 6.27% 0.01% 0.09% 0.03% 

Other dense plastic (non-packaging) 0.01% 0.03% 2.07% 0.01% 0.06% 0.02% 

Textiles 0.00% 0.04% 0.01% 0.00% 0.00% 0.00% 

Glass 0.10% 0.00% 0.01% 99.50% 0.03% 0.01% 

Ferrous cans 0.04% 0.45% 0.11% 0.02% 97.00% 0.00% 

Other ferrous 0.00% 0.01% 0.00% 0.00% 0.55% 0.18% 

Aluminium cans (UBC) 0.01% 0.06% 0.03% 0.01% 0.00% 99.00% 

Other non-ferrous 0.00% 0.01% 0.00% 0.00% 0.17% 0.06% 

Garden waste 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Food waste 0.00% 0.00% 0.01% 0.00% 0.02% 0.01% 

Hazardous 0.08% 0.00% 0.00% 0.00% 0.01% 0.00% 

WEEE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Other: misc / fines 0.00% 0.78% 0.01% 0.00% 0.02% 0.01% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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 NEWS & PAMS CARD 
MIXED PLASTICS - 

mainly bottles 
GLASS STEEL ALUMINIUM 

NOTES 

MRF-001 kerbside sort fibre data, though 

with an 80:20 split for news & pams and 

grey board as Gwynedd collect a soft mix 

of this type.  

THOUGHOUT (unless stated otherwise): 

[1] estimated Ferrous / Non-ferrous split, 

from WR0119 & Ball packaging data on 

arisings in kerbside recycling.  

[2] Plastics non-bottles split from 

WR0119 average split (residual + 

recycling in KS)  

[3] Breakdown of garden waste, food 

waste, WEEE and other based on 

applying relative arisings of these 

categories in LA's kerbside residual to the 

original other MRF-001 category arisings. 

Pembrokeshire  

Withyhedge side 

cardboard profile: 

‘Positive hand pick of 

larger pieces near 

start of process, 

assume high purity 

of 95%, relative 

arising of 

contaminants from 

RF fieldwork MRF 

cardboard, 2 

samples’ 

Positive pick: assume 

90% purity, breakdown 

by type from WDF. Non-

target fractions from 

highest purity plastics 

MRF in MRF-001 data. 

From Newport: 

Judgement of 

likely purity of 

glass, 

teleconference 

with Andy Grant. 

Contamination 

derived from 

MRF-001 data. 

From Newport: 

Judgement of 

likely purity, 

teleconference 

with Andy Grant. 

Average of MRF-

001 metals 

analyses, 2 

facilities; no 

separate 

composition 

profiles for 

Ferrous & Non-

ferrous. 

From Newport: 

Judgement of 

likely purity, 

teleconference 

with Andy Grant. 

Average of MRF-

001 metals 

analyses, 2 

facilities; no 

separate 

composition 

profiles for 

Ferrous & Non-

ferrous. 
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Table 25: Assumed material compositions from the SCA MRF (Monmouthshire) 

 
NEWS & 

PAMS 
MIXED 
PAPER 

CARDBOARD 
STEEL 
CANS 

ALUMINIUM 
CANS 

PLASTIC 
BOTTLES 

MIXED 
PLASTICS 

PLASTIC 
FILM 

GLASS RESIDUE 

News & pams 91.15% 66.87% 5.40% 0.91% 0.23% 0.81% 4.05% 4.31% 0.37% 19.60% 

Non-target fibre 1.26% 1.78% 4.13% 0.38% 0.04% 0.16% 0.89% 0.17% 0.02% 3.59% 

Brown board 2.03% 10.68% 68.98% 0.34% 0.05% 0.21% 0.86% 0.81% 0.00% 4.27% 

Grey and white board 3.18% 10.41% 17.24% 0.59% 0.12% 0.61% 2.25% 1.19% 0.01% 4.93% 

Cartons 0.16% 1.19% 0.44% 0.15% 0.03% 0.14% 0.70% 0.06% 0.00% 0.88% 

Plastic film (LDPE) 0.34% 0.70% 0.64% 0.92% 0.16% 1.11% 1.64% 60.55% 0.00% 12.60% 

Plastic bottles 0.27% 1.45% 0.55% 0.55% 0.11% 87.60% 63.38% 16.00% 0.00% 6.02% 

Other dense plastic 
packaging 

0.20% 0.52% 0.53% 0.36% 0.11% 3.37% 12.95% 8.15% 0.19% 6.49% 

Other dense plastic 
(non-packaging) 

0.13% 0.34% 0.36% 0.24% 0.08% 2.25% 8.63% 5.44% 0.12% 4.33% 

Textiles 0.06% 0.08% 0.05% 0.04% 0.00% 0.04% 0.28% 0.05% 0.00% 12.35% 

Glass 0.02% 0.43% 0.01% 0.02% 0.01% 0.20% 0.15% 0.00% 98.54% 2.21% 

Ferrous cans 0.15% 0.77% 0.23% 92.64% 0.27% 0.19% 0.13% 0.75% 0.00% 1.51% 

Other ferrous 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Aluminium cans (UBC) 0.08% 0.47% 0.21% 0.65% 96.18% 0.30% 0.78% 0.42% 0.03% 0.98% 

Other non-ferrous 0.01% 0.03% 0.02% 0.12% 2.03% 0.01% 0.36% 0.10% 0.32% 0.26% 

Garden waste 0.04% 0.16% 0.05% 0.08% 0.02% 0.11% 0.11% 0.08% 0.02% 0.75% 

Food waste 0.45% 2.03% 0.58% 0.99% 0.27% 1.43% 1.41% 0.95% 0.19% 9.48% 

Hazardous 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

WEEE 0.04% 0.16% 0.05% 0.08% 0.02% 0.11% 0.11% 0.08% 0.02% 0.76% 

Other: misc / fines 0.43% 1.93% 0.55% 0.94% 0.26% 1.35% 1.34% 0.90% 0.18% 9.00% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

NOTES 

Adapted 
from Enviros 
Type 1 MRF 
profile (from 

published 
report). 

Adapted 
from Enviros 
Type 1 MRF 
profile (from 

published 
report). 

Adapted from 
Enviros Type 
1 MRF profile 

(from 
published 

report). 

Adapted from 
Enviros Type 
1 MRF profile 

(from 
published 

report). 

Adapted from 
Enviros Type 
1 MRF profile 

(from 
published 

report). 

Adapted from 
Enviros Type 
1 MRF profile 

(from 
published 

report). 

Adapted from 
Enviros Type 
1 MRF profile 

(from 
published 

report). 

 Adapted 
from Enviros 
Type 1 MRF 
profile (from 

published 
report). 

Adapted from Enviros Type 
1 MRF profile (from 

published report). Adjusted 
to account for arising of 

plastic film found in kerbside 
dry materials from 

Monmouthshire sampled. 
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Table 26: Assumed material compositions collected Newport 

 NEWS & PAMS 
PLASTIC 

BOTTLES 
TEXTILES GLASS STEEL ALUMINIUM 

News & pams 95.23% 2.49% 0.08% 0.28% 0.26% 0.09% 

Non-target fibre 3.60% 0.22% 0.08% 0.02% 0.13% 0.04% 

Brown board 0.13% 0.69% 0.08% 0.06% 0.17% 0.06% 

Grey and white board 0.72% 1.48% 0.08% 0.04% 0.28% 0.09% 

Cartons 0.04% 0.20% 0.08% 0.01% 1.00% 0.33% 

Plastic film (LDPE) 0.03% 12.85% 0.04% 0.02% 0.17% 0.06% 

Plastic bottles 0.00% 69.69% 0.08% 0.03% 0.04% 0.01% 

Other dense plastic packaging 0.01% 7.17% 0.02% 0.01% 0.09% 0.03% 

Other dense plastic (non-packaging) 0.01% 4.78% 0.02% 0.01% 0.06% 0.02% 

Textiles 0.00% 0.02% 99.00% 0.00% 0.00% 0.00% 

Glass 0.10% 0.02% 0.08% 99.50% 0.03% 0.01% 

Ferrous cans 0.04% 0.26% 0.06% 0.02% 97.00% 0.00% 

Other ferrous 0.00% 0.01% 0.06% 0.00% 0.55% 0.18% 

Aluminium cans (UBC) 0.01% 0.08% 0.02% 0.01% 0.00% 99.00% 

Other non-ferrous 0.00% 0.00% 0.02% 0.00% 0.17% 0.06% 

Garden waste 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Food waste 0.00% 0.02% 0.04% 0.00% 0.02% 0.01% 

Hazardous 0.08% 0.00% 0.08% 0.00% 0.01% 0.00% 

WEEE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Other: misc / fines 0.00% 0.02% 0.04% 0.00% 0.02% 0.01% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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 NEWS & PAMS 
PLASTIC 

BOTTLES 
TEXTILES GLASS STEEL ALUMINIUM 

NOTES 

MRF-001 kerbside sort fibre data. 

THOUGHOUT (unless stated otherwise) 

[1] estimated Ferrous / Non-ferrous split, 

from WR0119 & Ball packaging data on 

arisings in kerbside recycling.  

[2] Plastics non-bottles split from 

WR0119 average split (residual + 

recycling in KS)  

[3] Breakdown of garden waste, food 

waste, WEEE and other based on 

applying relative arisings of these 

categories in LA's kerbside residual to the 

original other MRF-001 category arisings. 

Newport 

composition data 

from WRAP Mixed 

Plastics project 

(non-plastics not 

categorised; non-

plastics from MRF-

001 plastic, facility 

with lowest 

contamination in 

plastic). 

No reference data 

available for textiles; 

purity of 99% based on 

basis of best 

judgement; equal 

arisings for all 

contaminants assumed 

across original category 

list, then some 

proportional allocation 

for some 

subcategories. 

Judgement of 

likely purity of 

glass, 

teleconference 

with Andy Grant. 

Contamination 

derived from 

MRF-001 data. 

Judgement of likely 

purity, teleconference 

with Andy Grant. 

Average of MRF-001 

metals analyses, 2 

facilities; no separate 

composition profiles 

for Ferrous & Non-

ferrous. 

Judgement of likely 

purity, teleconference 

with Andy Grant. 

Average of MRF-001 

metals analyses, 2 

facilities; no separate 

composition profiles for 

Ferrous & Non-ferrous. 
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Table 27: Assumed material compositions from the SITA MRF (Pembrokeshire) 

 PAPER 
SIDE 

CARDBOARD 

MRF 

CARDBOARD 

STEEL 

CANS 

ALUMINIUM 

CANS 
FOIL 

PLASTIC 

BOTTLES 

PLASTIC 

SACKS 
RESIDUE 

News & pams 97.14% 2.73% 4.61% 0.23% 0.29% 0.18% 0.38% 3.26% 39.48% 

Non-target fibre 0.25% 0.18% 0.31% 0.05% 0.10% 0.09% 0.00% 0.37% 1.84% 

Brown board 0.27% 70.49% 67.94% 0.01% 0.00% 0.12% 0.00% 2.50% 4.19% 

Grey and white board 1.73% 24.51% 23.63% 0.49% 0.24% 0.20% 0.23% 4.87% 13.07% 

Cartons 0.01% 0.25% 0.43% 0.00% 0.00% 0.71% 0.00% 0.10% 0.53% 

Plastic film (LDPE) 0.15% 0.12% 0.20% 0.54% 0.23% 0.12% 0.09% 77.98% 9.84% 

Plastic bottles 0.08% 0.26% 0.44% 0.11% 0.05% 0.03% 99.28% 3.46% 7.17% 

Other dense plastic packaging 0.02% 0.08% 0.14% 0.27% 0.13% 0.07% 0.02% 1.49% 11.33% 

Other dense plastic (non-
packaging) 0.02% 0.03% 0.04% 0.01% 0.01% 0.04% 0.00% 0.83% 1.03% 

Textiles 0.00% 0.04% 0.06% 0.00% 0.00% 0.00% 0.00% 0.05% 0.61% 

Glass 0.01% 0.00% 0.00% 0.00% 0.00% 0.02% 0.00% 0.01% 0.65% 

Ferrous cans 0.14% 0.45% 0.76% 97.24% 0.00% 0.00% 0.00% 3.79% 2.14% 

Other ferrous 0.00% 0.01% 0.01% 0.61% 0.00% 0.39% 0.00% 0.00% 0.09% 

Aluminium cans (UBC) 0.10% 0.06% 0.09% 0.02% 90.78% 0.00% 0.00% 0.84% 2.97% 

Other non-ferrous 0.01% 0.01% 0.02% 0.02% 6.46% 98.00% 0.00% 0.04% 1.24% 

Garden waste 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.09% 

Food waste 0.01% 0.00% 0.00% 0.00% 0.00% 0.02% 0.00% 0.00% 0.58% 

Hazardous 0.00% 0.00% 0.00% 0.00% 0.39% 0.01% 0.00% 0.00% 0.42% 

WEEE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Other: misc / fines 0.05% 0.78% 1.32% 0.40% 1.32% 0.01% 0.00% 0.40% 2.73% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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NOTES 

RF 

fieldwork, 4 

samples (4 

each of 

Large & 

Small) 

Positive hand 

pick of larger 

pieces near start 

of process, 

assume high 

purity of 95%, 

relative arising of 

contaminants 

from RF 

fieldwork MRF 

cardboard, 2 

samples 

RF fieldwork, 2 

samples 

RF fieldwork, 

7 samples 

RF fieldwork, 7 

samples 

Purely 

qualitative 

estimate, 

high purity 

assumed, 

with relative 

arisings of 

contaminant

s from Non-

ferrous cans 

profile. 

RF fieldwork, 1 

sample 

RF fieldwork, 2 

samples 

RF field 

work, 5 

samples (5 

for residual 

stream #1 

and 5 for 

residual 

stream #2) 
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Table 28: Assumed material compositions from the AJ Recycling MRF (Pembrokeshire) 

 PAPER MRF CARDBOARD STEEL CANS 
ALUMINIUM 

CANS 
FOIL 

PLASTIC 

BOTTLES 

PLASTIC 

SACKS 
RESIDUE 

News & pams 98.33% 8.00% 2.34% 0.00% 0.18% 0.06% 3.26% 13.78% 

Non-target fibre 0.37% 5.80% 4.44% 0.00% 0.09% 0.04% 0.37% 4.57% 

Brown board 0.07% 28.74% 0.06% 0.00% 0.12% 0.00% 2.50% 1.26% 

Grey and white board 1.05% 49.91% 2.79% 0.00% 0.20% 0.10% 4.87% 8.73% 

Cartons 0.00% 0.00% 0.00% 0.01% 0.71% 0.00% 0.10% 0.46% 

Plastic film (LDPE) 0.05% 0.18% 2.67% 0.00% 0.12% 0.04% 77.98% 19.05% 

Plastic bottles 0.01% 0.11% 1.96% 0.02% 0.03% 92.47% 3.46% 2.03% 

Other dense plastic packaging 0.03% 0.03% 1.36% 0.02% 0.07% 6.29% 1.49% 30.01% 

Other dense plastic (non-packaging) 0.00% 0.00% 0.14% 0.00% 0.04% 0.79% 0.83% 4.81% 

Textiles 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.86% 

Glass 0.00% 0.01% 0.00% 0.00% 0.02% 0.00% 0.01% 0.01% 

Ferrous cans 0.04% 1.00% 73.30% 0.00% 0.00% 0.18% 3.79% 0.48% 

Other ferrous 0.01% 0.00% 7.89% 0.00% 0.39% 0.00% 0.00% 0.19% 

Aluminium cans (UBC) 0.00% 0.14% 0.94% 86.72% 0.00% 0.03% 0.84% 0.43% 

Other non-ferrous 0.00% 0.00% 0.14% 13.12% 98.00% 0.00% 0.04% 0.31% 

Garden waste 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Food waste 0.00% 0.04% 0.09% 0.00% 0.02% 0.00% 0.00% 0.71% 

Hazardous 0.00% 0.16% 0.00% 0.00% 0.01% 0.00% 0.00% 0.57% 

WEEE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Other: misc / fines 0.02% 5.88% 1.87% 0.09% 0.01% 0.00% 0.40% 11.75% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

NOTES 

RF fieldwork, 

2 samples (2 

each of 

Large & 

Small) 

RF fieldwork, 1 

sample 

RF fieldwork, 4 

samples 

RF fieldwork, 4 

samples 

Purely qualitative estimate, 

high purity assumed, with 

relative arisings of 

contaminants from Non-fe 

cans profile. 

RF fieldwork, 2 

samples. 

Profile from 

Withyhedge 

applied. 

RF fieldwork, 4 

samples. 
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Table 29: Assumed material compositions from the Bryn Pica MRF (RCT) 

 
MIXED 

PLASTICS 

DENSE PLASTIC 

non-packaging 

PLASTIC 

BAGS 

NEWS & 

PAMS 
CARDBOARD 

GLASS 

CONTAINERS 

GLASS 

FINES 
CARTONS 

STEEL 

CANS 

ALUMINIU

M CANS 
RESIDUE 

News & pams 1.00% 0.41% 3.26% 97.74% 6.30% 0.37% 0.37% 0.21% 1.29% 0.15% 20.93% 

Non-target fibre 0.99% 0.04% 0.37% 0.31% 3.05% 0.02% 0.02% 0.21% 2.25% 0.05% 3.83% 

Brown board 0.95% 0.11% 2.50% 0.17% 48.34% 0.00% 0.00% 0.21% 0.03% 0.00% 4.56% 

Grey and white board 2.50% 0.24% 4.87% 1.39% 36.77% 0.01% 0.01% 0.21% 1.64% 0.12% 5.26% 

Cartons 0.78% 0.03% 0.10% 0.00% 0.21% 0.00% 0.00% 96.00% 0.00% 0.01% 0.94% 

Plastic film (LDPE) 1.83% 2.98% 77.98% 0.10% 0.19% 0.00% 0.00% 0.21% 1.61% 0.12% 6.70% 

Plastic bottles 70.41% 2.50% 3.46% 0.04% 0.28% 0.00% 0.00% 0.21% 1.04% 0.04% 6.43% 

Other dense plastic 
packaging 14.38% 2.50% 1.49% 0.03% 0.08% 0.19% 0.19% 0.21% 0.81% 0.07% 6.93% 

Other dense plastic 
(non-packaging) 2.00% 91.11% 0.83% 0.01% 0.02% 0.12% 0.12% 0.21% 0.08% 0.00% 4.62% 

Textiles 0.31% 0.00% 0.05% 0.00% 0.03% 0.00% 0.00% 0.21% 0.00% 0.00% 3.18% 

Glass 0.16% 0.00% 0.01% 0.00% 0.00% 98.54% 68.98% 0.21% 0.00% 0.00% 2.36% 

Ferrous cans 0.14% 0.04% 3.79% 0.09% 0.88% 0.00% 0.00% 0.21% 85.27% 0.00% 1.61% 

Other ferrous 0.00% 0.00% 0.00% 0.01% 0.01% 0.00% 0.00% 0.21% 4.25% 0.00% 0.00% 

Aluminium cans (UBC) 0.87% 0.01% 0.84% 0.05% 0.12% 0.03% 0.03% 0.21% 0.48% 88.75% 1.04% 

Other non-ferrous 0.40% 0.00% 0.04% 0.01% 0.01% 0.32% 0.32% 0.21% 0.08% 9.79% 0.28% 

Garden waste 0.12% 0.00% 0.00% 0.00% 0.00% 0.02% 29.58% 0.21% 0.00% 0.00% 10.80% 

Food waste 1.56% 0.00% 0.00% 0.01% 0.02% 0.19% 0.19% 0.21% 0.04% 0.00% 10.12% 

Hazardous 0.00% 0.00% 0.00% 0.00% 0.08% 0.00% 0.00% 0.21% 0.00% 0.20% 0.00% 

WEEE 0.13% 0.00% 0.00% 0.00% 0.00% 0.02% 0.02% 0.21% 0.00% 0.00% 0.81% 

Other: Misc / Fines 1.48% 0.00% 0.40% 0.03% 3.60% 0.18% 0.18% 0.21% 1.14% 0.71% 9.61% 

TOTAL 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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 MIXED PLASTICS 
DENSE PLASTIC 

non-packaging 

PLASTIC 

BAGS 

NEWS & 

PAMS 
CARDBOARD 

GLASS 

CONTAINERS 

GLASS 

FINES 
CARTONS 

STEEL 

CANS 

ALUMINIUM 

CANS 
RESIDUE 

NOTES 

Adapted from 

Enviros Type 1 MRF 

profile (from 

published report), 

though with lower 

news & pams and 

dense plastic non-

packaging 

contamination to 

account for stream 

being positively 

hand picked. 

~90% dense plastic 

non-packaging 

assumed, with 

~2.5% each of 

other types of 

dense plastics and 

proportional arising 

of other 

contamination 

derived from MRF-

001 mixed plastics 

profile. 

Average profile 

from 

Pembrokeshire 

MRFs 

Average profile 

from 

Pembrokeshire 

MRFs 

Average profile 

from 

Pembrokeshire 

MRFs 

Adapted from 

Enviros Type 1 

MRF profile 

(from published 

report). 

Adapted 

from 

Enviros 

Type 1 MRF 

profile 

(from 

published 

report). 

RF's opinion 

from site 

visit, ~70% 

glass, 

~30% 

garden 

waste. 

Similar purity 

as plastic 

bottles 

assumed, equal 

arisings of 

contaminants. 

Average 

profile 

from 

Pembrok

eshire 

MRFs 

Average profile 

from 

Pembrokeshire 

MRFs 

Adapted 

from Enviros 

Type 1 MRF 

profile (from 

published 

report), 

adjustment 

made to 

estimate 

higher 

garden waste 

and lower 

textiles 

arisings. 
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Figure 17: Separated paper product process – news & pams (Cardiff) - UPM Shotton  

UPM- Shotton

Screening in 

pulping plant
Newsprint

Paper 

pulp
N&P

landfill

Transported to Allan Morris in 

Deeside where loaded in to 

suitable trailer for delivery in 

to Shotton

 
 

 

 

 

Figure 18: Separated paper product process – soft mix and OCC (Cardiff) - UPM Shotton 

Severnside, they transport it to their own St Regis mills, the Kemsley Mill 

in Kent is where the majority of the material is going.

OCCOCC

Soft 

Mixed

Screening in 

pulping plant
Plasterboard liningPulp

landfill
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pulping plant

landfill
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Figure 19: Separated paper product process (Gwynedd) - Palm Paper 
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Figure 20: Separated paper product process (Newport, Pembrokeshire, RCT) - UPM Shotton 

UPM- Shotton, 

Screening in 

pulping plant

Residues that 

don’t pass the 

pulping 

screens plus 

some fibres
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Paper 

pulp
N&P
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Figure 21: Separated cardboard product process (RCT) - Biffa 

Biffa

OCCOCCOCCOCC

Process Unknown, 

believed to act as 

merchants fate of 

material unknown

Export

 
 

 

Figure 22: Old corrugated cardboard process (Pembrokeshire) - Monoworld 

Monoworld

OCCOCCOCCOCC

Process Unknown, 

believed to act as 

merchants fate of 

material unknown

Export
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Figure 23: Separated paper product processes (SCA – Monmouthshire) - export 

Export, China, Indonesia
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pulping plant

Residues that 

don’t pass the 

pulping 

screens plus 

some fibres

NewsprintN&P
Paper 

pulp
N&P

Landfill

Export, China, Indonesia

Screening in 

pulping plant

Residues that 

don’t pass the 

pulping 

screens plus 

some fibres

PackagingN&P
Paper 

pulp

Soft 

Mixed

Landfill

Soft 

Mixed

 
 

 

OCCOCCOCCOCC OCC Packaging

Export, China, Indonesia

Screening in 

pulping plant

Residues that 

don’t pass the 

pulping 

screens plus 

some fibres

Corrugated Card 

Packaging

Paper 

pulp

Landfill

 
 

 
 

 



 

Kerbside Collections Options: Wales 94 

 

 

Figure 24: Separated glass product process (Cardiff, SCA - Monmouthshire) - nationwide 
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Figure 25: Separated glass product process (RCT) - Viridor 

Viridor – Sheffield
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Figure 26: Separated glass product process (Gwynedd) – Recresco 

(Note Newport’s process also based on this as well although reprocessor is Viridor). 
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Figure 27: Separated metals: UBC (Cardiff, Newport, RCT) - Novelis 
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Figure 28: Separated metals: UBC (Pembrokeshire)  
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Figure 29: Separated metals: UBC (SCA – Monmouthshire) - Alutrade 
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Figure 30: Separated metals: UBC (Gwynedd) – Tom Martin & Co. 
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Figure 31: Separated metals: steel cans (Cardiff, Gwynedd, Newport, Pembrokeshire, RCT) - Pontypool Steel/Tata 
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Figure 32: Separated metals: steel cans (SCA – Monmouthshire) - EMR 
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Figure 33: Separated plastics product processes (Cardiff), mixed rigid plastics (RCT, SCA - Monmouthshire) - AWS Plastics 
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Figure 34: Separated plastic product process (Gwynedd) – JFC Plastics and Closed Loop 
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Figure 35: Plastic product process (Newport) - Jayplas 
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Figure 36: Plastic product processes (Pembrokeshire) - Monoworld 
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Figure 37: HW Martin MRF process (Cardiff) 
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5.1.6.4 Reprocessor Research 
 

For each product stream derived either through the MRF or bulking facility at each authority, we attempted to 

establish how the product was subsequently reprocessed up to the end destination and including any merchants 

or intermediate reprocessors involved along the way. Interviews were undertaken with merchants, intermediate 

processors and reprocessors to inform this research.  The key findings are summarised as follows: 

 

Alutrade 

Alutrade is an intermediate processor which cleans up material for further supply. It takes UBC from 

Monmouthshire, undertaking only visual inspections of this material. The process is not fully understood, but 

involves some additional mechanical sorting (ECS and overband) and manual picking. Alutrade pay on outturn of 

material and generally expect overall contamination on input to be less than 5%. They do run through 

Monmouthshire’s material as a batch, but were fairly reluctant to go into details on contamination. Aluminium 

products are sent to various reprocessors (Alutrade would not specify which reprocessors), with approximately 

50% to UK markets and 50% to export. Residue from the process is sent for EfW in the West Midlands. 

 

AWS Ecoplastics 

AWS Ecoplastics is a reprocessor for PET and HDPE and is effectively a merchant for other polymers, though it is 

currently looking to develop markets in the UK. It takes both PET and mixed plastics from Monmouthshire and 

mixed plastics from Cardiff and from RCT. Material loads are visually inspected, with AWS paying different prices 

for different material grades. The AWS facility in Lincolnshire has a 100,000 tonne per year capacity and has 

three buildings: a sorting building, a hot wash building and an extrusion building. 
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The polymers that are processed include PET, HDPE, PP, polystyrene and other mixed polymers. In the sorting 

building PET bottles are separated into two streams: clear and light blue bottles, and coloured PET bottles. Both 

streams are shredded down to a 12-15mm flake. The flakes are ‘dry washed’ and spun at high speed, with the 

centrifugal forces separating PET to the outside and the lighter paper labels etc. into the middle. The PET flakes 

are stored in holding silos. HDPE bottles are separated into milk bottles and all other HDPE bottles. Milk bottles 

are currently baled with approximately 60% sold to UK end user markets. The balance is sold for pipe 

manufacturing in the EU and overseas. HDPE colour bottles are baled and all are sold to end users in the UK. 

PP and Polystyrene are new markets, and AWS are currently working with UK users, Eastern Europe and the 

Far East to develop markets, as material in this form has not previously been produced by a UK reprocessor.  

 

Steel and aluminium account for approximately 1% each of the total intake, with both being recovered and sold 

to a UK end user. Paper accounts for approximately 1 to 2% of the intake; this is being accumulated into a low 

grade mixed paper stream and is a new individual stream for the facility, with AWS currently trialling production 

of this stream with several UK users. Residual material accounts for approximately 2% of the intake; with residual 

plastics sold as baled mixed plastics to Far East users, and residual fines (below 40mm) sent to EfW in the UK.  

 

In the hot wash building, the clear and light blue PET flakes are ‘hot washed’. This removes all of the 

contamination (glue, liquid residue etc.) to produce a ‘super clean flake’ which is sold to an exclusive UK market. 

Coloured PET bottles are also ‘hot washed’, sold to Signode (Swansea) and made in to high density PET 

strapping. The extrusion plant processes 18,000 tonnes PET per year, producing a replacement PET food grade 

material which is sold to Artenius PET Packaging Europe (APPE) in Wrexham. AWS is currently looking for funding 

to develop an HDPE hot wash process. 

 

AWS Ecoplastics can test loads, and generally monitor shifts in and balance against anticipated yields. They also 

have under belt weighing on all the outgoing sort belts. 

 

Biffa 

Biffa is a merchant using a ‘rudimentary’ MRF in Cardiff for cleaning/sorting some material or simply baling/ 

transporting for onward sale. They also take material from RCT. Approximately 75% of the tonnage coming into 

the site is of a single material type i.e. full loads of paper, card, plastic etc. These loads may be sorted into 

separate grades where applicable to add value. At the moment, plastic bottles are not sorted into separate 

polymer types and are sold on to 3rd party sorting facilities as a mixed grade. The remaining 25% of the total 

volume coming into the Cardiff site consists of mixed material streams. Approximately half of this volume is 

sorted at the site with the remainder being sent on to other Biffa facilities for sorting. 

 

Cardboard is baled and sent via SCA for export, news & pams are baled and sent for reprocessing to UPM 

Shotton and mixed plastic bottles are baled and sent to AWS Ecoplastics. 2.3% of all tonnage handled is sent for 

disposal. 

 

Closed Loop 

Closed Loop is a reprocessor which deals with a small amount of mixed plastics bottles from Gwynedd. A visual 

assessment is carried out on every load received. The bales are put through a breaker and the material goes 

through a 40mm trommel. The undersize material (<40mm) goes off to landfill / EfW. Less than 2% is <40mm, 

with more than 95% to of this undersize going to landfill. 

 

The material received goes along the line, the ferrous metal is removed by an overband magnet and then the 

aluminium is removed via an ECS. Recovered ferrous (including baling wire) and non-ferrous metals go to a local 

metal recycler, Edwards Recycling. The material then moves into a large label format air classifier. This removes 

label fragments and plastic bags etc. The material removed is added into the <40mm trommel fraction. The 

material then passes into 4 optical near infra-red (NIR) sorters. The NIR sorters pick off the following polymers: 

 

 clear and light blue PET bottles; 

 colour PET bottles; 

 natural and white HDPE (milk bottles) bottles; and 

 colour HDPE bottles. 

The remainder (‘all other material’) runs off the end and is re-baled and sent to another reprocessor. 
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Coloured PET and HDPE bottles are re-baled and sold to other reprocessors within the UK, though the destination 

was not specified. The clear PET and natural HDPE material goes down two separate manual sort lines to remove 

any contamination and is then granulated.  

 

PET granules go through a dry cleaning process to remove light material e.g. labels, then through a friction hot 

wash to remove glue and liquid residue. The waste material (labels and glue gunk) is combined into ‘filter cake’ 

material and made into brickets for EfW. The flakes then pass into the sink-float separation unit; the PET sinks 

and everything else i.e. the Jazz PO fraction, floats. The material is then dried and goes through a 

decontamination process. URRC Hybrid UnPET returns the flakes to food grade rPET. 

 

HDPE granules go through a colour flake sorter to remove caps. Cap flakes and other colour sorter rejects form 

the Jazz HDPE by-product. The flakes go through a Vacurema plant to purify the material back to food-grade. 

The flakes are turned into rHDPE pellets.  

 

European Metals Recycling (EMR) 

EMR is a merchant and takes Monmouthshire’s steel; the steel is visually inspected before being re-baled and 

exported to an EEC destination (unknown). No information has been provided on quality tolerance.  

 

Greenstar 

Greenstar is an intermediate processor/reprocessor taking HDPE-Natural from Monmouthshire. The HDPE is then 

flaked at the Redcar plant and sent to Manpak (and possibly others) for closed loop manufacturing into HDPE 

milk bottles. No information has been provided on quality tolerance.  

 

HW Martin 

HW Martin has a MRF based in Leeds which sorts around 400 tonnes per annum of ‘residual’ waste from the 

Cardiff MRF. The Cardiff material is mixed in with other co-mingled material before being put through the plant. 

Trade waste input equates to <1% of the total input to the facility. 

 

The material is run through a trommel at the start of the process. The <40mm fraction goes off as residual 

waste. Bottles are manually picked. Regarding the onward chain, HW Martin basically takes the best price at any 

one time so there are several options in respect to reprocessors: 

 

 N&P: Sold to paper mills in the UK – currently UPM and Palm Paper.  

 Mixed paper: Export, mainly to China and Indonesia, currently using the export arm of UPM. 

 Cardboard (OCC): Export. 

 Mixed plastic bottles: AWS Ecoplastics, Viridor Polymer, J&A Young (JPLAZ), Valpak. 

 Steel cans: Steel metal merchants sell to reprocessors. 

 Alu cans: Do supply Novelis, but also use EMR who export – currently EMR. 

 Mixed plastic film: AWS Ecoplastics export to china. 

 Residual: The <40 mm fraction and the material remaining at the end of the MRF process are sent to a mix of 

landfill and RDF (Northampton plant owned by HW Martin). Rejects are currently about 12% with 60% 

currently going to landfill and 40% to RDF.  

Jason Moore Plastic 

Jason Moore Plastic is a merchant that was taking clear film from SCA, but we believe that this material is now 

going to J&A Young. A visual inspection is undertaken of the material, which is then taken straight into the yard 

and put into containers for transport to an unspecified export destination.  

 

J&A Young/ Jayplas 

The Jayplas facility at South Normanton is designed to accept mixed rigid plastic packaging and cans. The 

incoming bales are split and pass through overband magnets and eddy current separators to separate any 

aluminium or steel that is present. The remaining plastics are then sorted according to polymer and colour to 

produce clear PET, coloured PET, Natural HDPE and HDPE Jazz. The sorting of the remaining polymers including 

black trays of all polymers is not clear, but it is thought that these materials are re-baled and exported. It is 

claimed that the PET and Natural HDPE is flaked in the UK. The HDPE Jazz is shipped to Ireland. Any plastic films 

received are currently exported. 
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JFC Plastics  

We were unable to obtain any information from JFC Plastics. JFC processes plastics from Gwynedd. 

 

Monoworld Recycling 

Monoworld is a merchant for some materials and a reprocessor for plastics. They have a MRF and a plastic flaking 

facility. Some plastics are taken from Monmouthshire and cardboard, mixed plastics and plastic film are taken 

from Pembrokeshire to the Monoworld plant in Bedfordshire and are sorted further, subsequently producing 

plastic flake in HDPE and PET grades. These grades are then sold on to various manufacturers (e.g. fleeces from 

PET, wheelie bins from HDPE), although Monoworld would not disclose the specific destination manufacturers. 

There is also a mixed plastics output from Monoworld’s plant which is then sold on for export to Europe / Far East 

for further sorting. 

 

Regarding cardboard, Monoworld handle the haulage of this material and sell it on to various paper mills, the 

details of which they were unable to disclose. 

 

Nationwide Recycling 

Nationwide Recycling is a reprocessor which takes glass from Cardiff and Monmouthshire. Material is visually 

inspected on delivery and if load contamination exceeds 10% by weight then Nationwide will contact the supplier 

and encourage them to improve the situation. The process effectively crushes and sizes the glass and removes 

contamination. This is achieved as follows: 

 

 Crushing and grading until a pass though of less than 5mm is achieved. Any contamination that does not pass 

5mm is sent past an overband magnet to remove steel, an ECS to remove aluminium and the remainder is 

residue which is sent for landfill. 

 All MRF glass is treated with this process and all material that passes 5mm is used as an aggregate for 

construction. No MRF-sourced material is processed into anything other than aggregates for construction use. 

Based on discussions with Nationwide, we believe that an average input contamination of 8%, an average reject 

to landfill at 5% of input and around 2% of input as steel and aluminium which is subsequently sent for recycling 

represents a reasonable assumption.  

 

Novelis Recycling 

Novelis is a reprocessor which takes aluminium from Cardiff, Newport Wastesavers and RCT. Material is visually 

inspected before being processed. The process will produce 2 - 3% residue, with a high proportion of this residue 

being plastics. Residues are currently sent to landfill. 

 

Palm Paper 

Palm Paper is a reprocessor which takes material from Gwynedd, undertaking visual and moisture inspections on 

the material collected. Gwynedd paper is collected at the kerbside alongside grey board, generating a ‘soft mix’. 

Palm also deals with the paper from the bring banks within Gwynedd. Kerbside collected paper and card is bulked 

up at three depots within the county. Kerbside collections from the narrow access vehicles deliver into the two 

smaller depots (Dwyfor collections bulked at a depot in Chwilog and Meirionnydd in Coed Ffridd Arw (Dolgellau)). 

The soft mix from the smaller depots is transported loose in 40 cubic yard containers to a third party sorting 

depot in Flintshire. This accounts for 20% of the soft mix. The third and main depot (Caergylchu, near Caernarfon 

(Arfon)) bales the majority of the soft mix paper, and this is then sold direct to the UK market. This accounts for 

80% of the paper collected, with 70% of this going to soft mix and 30% to OCC use. The loose material is sorted 

to remove the grey board. The news & pams material is then sent on to the Kings Lynn plant for reprocessing 

into newsprint. Kings Lynn uses 100% recycled material and there is no virgin pulp input. All newsprint produced 

is sold in to the UK market. The board from this sorting facility is sold into the UK reprocessor market. Non fibre 

(~1%) goes to landfill.  

 

New customers will have loads visually checked for contamination including brown board. Quality checking is via 

a count system of items of contamination from tipped loads. Existing customers will have random visual checks 

on loads. Most loads tipped are watched by the shovel driver and any problems identified (which can include 

stopping the tip and rejecting the load). This is not relevant in respect to the Gwynedd material, as it is mixed 

with other sources at the sorting facility. Moisture checks are also carried out with a mobile probe. 
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Parry and Evans 

Parry and Evans is a merchant that takes cardboard and plastic bottles from AJ Recycling, but this is only on an 

occasional basis. AJ Recycling will go wherever they are getting the best price. Inspections are made for moisture 

and unwanted material. Card handled by Parry & Evans is estimated at 1,000 - 1,500 tonnes per annum, all going 

for export to China. Plastic bottles handled are estimated to be 90 tonnes per annum being sold on to Viridor and 

the UK market.  

 

Parry and Evans said the quality from AJ is impeccable and in the last 12 months they have not had any 

problems, with all material simply being reshipped. 

 

Pontypool Steel 

Pontypool Steel reprocesses steel packaging from Newport, Gwynedd and RCT, which is then sent on to Tata 

Steel for reprocessing. Visual inspections are undertaken at Pontypool. The material is rejected if it is more than 

5% non-steel by weight. Tata Steel commonly expects material to be 98% by weight steel. The process involves 

all material being melted for steel at Port Talbot. The process produces three outputs: new steel, a slag used in 

cement processing and gas emissions. 

 

Recresco 

Recresco is an intermediate reprocessor, supplying various reprocessors. Material is currently taken to its plant in 

Ellesmere Port, though a plant is currently also being built in South Wales. Recresco takes glass with a particle 

size greater than 20mm from Monmouthshire and glass from Gwynedd. Visual inspections are undertaken on 

kerbside sort glass, with weight-based sampling being undertaken on MRF material. A mass balance on all 

kerbside sort glass has been conducted. Data on all material quality was requested but not received.  

 

Stones are a key contamination problem, and are often associated with the haulage contractor and from Pyrex in 

MRF glass. The basic process involves NIR sorting with an overband to remove steel, ECS to remove aluminium 

and windsifter to remove light fractions such as paper. Six products are sent out of the plant: 

 

 0-8mm to aggregate (possibly to Nationwide); 

 8-20mm reportedly to fibreglass but possibly sometimes aggregates; 

 20mm and larger (all colours) sent to Quinn Glass (Ellesmere Port) for reprocessing at into container glass; 

 aluminium caps and foils sent for reprocessing (destination unknown); 

 steel sent for reprocessing (destination unknown); and 

 residues sent to Brampton Skip Hire, Brampton, Cumbria for further sorting. 

Mass balances are not fully understood, but apparently they differ for MRF glass and kerbside sort. For the glass 

received from Gwynedd, 85 to 90% is sent for remelt.  

 

Severnside / St Regis Paper Mills 

Severnside is the transport arm of the St Regis paper mills and is a merchant, transporting Cardiff’s news & pams 

to Shotton and the soft mix and cardboard primarily to the St Regis Mill in Kent. 

 

 News & pams: This is collected loose on site being deposited directly into a bulk trailer. This trailer is taken to 

Allan Morris in North Wales where it is unloaded and then reloaded on to another trailer which can unload at 

Shotton. 

 Baled mixed paper: Loaded on to a curtain side truck. Taken to St Regis Kemsley Mill in Sittingbourne, Kent. It 

is turned into various cardboard products including lining for plasterboard.  

 Cardboard: This is sent to either Kemsley Mill in Kent or Wansborough Mill in North Somerset.  

No further detail was provided from Severnside, despite multiple requests for additional information. 

 

Tata Steel 

Tata Steel (previously Corus) reprocesses steel packaging, and takes material from Cardiff (via Thamesdown 

Recycling, Swindon), Pembrokeshire (via AJ Recycling), Gwynedd, RCT and Newport (via Pontypool Steel). Visual 

inspections are undertaken at accumulation centres such as Pontypool and Thamesdown. The material is rejected 

if it is more than 5% non-steel by weight. Tata Steel commonly expects material to be 98% by weight steel. The 
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process involves all material being melted for steel at Port Talbot. This process produces three outputs: new 

steel, a slag used in cement processing and gas emissions. 

 

Tom Martin and Co. 

Tom Martin and Co. is a merchant that takes Gwynedd’s baled UBCs and sells these on to various reprocessors in 

the UK and abroad (details of which were not disclosed by the merchant).  
 

UPM Shotton 

UPM Shotton is a reprocessor that takes fibres from Cardiff (via Allan Morris), AJ Recycling (some via Parry & 

Evans), Newport directly and RCT (via Biffa’s Cardiff MRF). Every load is visually inspected and there is a rolling 

programme of weight-based composition testing. All non-fibre contamination is screened off via the drum pulpers 

and is landfilled.  

 

Viridor 

Viridor is an intermediate processor, supplying various reprocessors. The glass that it takes from Newport and 

RCT is visually inspected only. In theory, there is only a 1% tolerance by weight of non-glass contaminants. 

Newport’s and RCT’s glass is taken by bulker to the Sheffield plant. Viridor was relatively vague about the process 

employed, but it is probably NIR-based. They claim that a plant balance of 82% is being sent for remelt, with the 

remaining 16.5% being used for aggregates, shot-blast material and filtration media. Material for remelt is sent to 

Leeds (flint only) and green and amber to Harlow. The 1.5% residues are sent to the Lakeside EfW plant. 

Approximately 28% of the material input into the plant is MRF material, so the plant mass balance may be an 

underestimate of the closed loop rate for kerbside sort material. 

 

5.1.7 Environmental modelling and overall cost-benefit analysis 
 

The methodology used within our assessment of the performance of each local authority’s recycling and residual 

waste collection / treatment system combines the external cost associated with the environmental impact of each 

system together with the financial cost of operating that service. In economics, an external cost – also known as 

an externality – arises when the social or economic activities of one group of persons has an impact on another 

group and when that impact is not fully accounted for or compensated for (in financial terms), by the first group.  

 

Particularly in the case of waste treatment facilities, our experience indicates that it is the climate change and 

local health impacts of these plants that cause most concern for local residents, the wider community and policy 

makers. Therefore Eunomia’s preferred approach is to apply monetary values or external costs to both the 

climate change and air quality impacts. 

 

The impacts of the major air pollutants – oxides of nitrogen (NOx), oxides of sulphur (SOx), particulate matter 

(PM) and volatile organic compounds (VOCs) – are attributed an external monetary value which measures the 

extent of the damage to health associated with the quantity of pollutant being released into the air. Impacts 

associated with the emission of greenhouse gases are calculated on the basis of the cost of mitigating the effects 

of climate change. Air quality impacts are calculated based on the external costs of key air pollutants known to 

have a local or regional impact6. In both cases impacts can be estimated on a £ per tonne basis, with a higher 

figure thus representing greater damages. The methodology described is widely used in impact assessments 

carried out by UK governments. 

 

Our methodology for assessing the environmental impacts accounts for emissions from the following: 

 

 those resulting from the collection and transportation of both dry recyclate and residual waste (this includes 

the shipping of recyclate overseas for reprocessing); 

 impacts associated with sorting, bulking and transfer facilities; 

 avoided emissions resulting from the reprocessing of recyclate; 

 impacts associated with the rejected material throughout the collection, sorting and reprocessing cycle; and 

 impacts associated with the treatment and disposal of residual waste. This includes a consideration of avoided 

emissions resulting from the generation of energy by EfW incineration facilities. 

                                                      
6 These external costs include those associated with days lost to ill health, and costs resulting from hospital admissions, etc. 
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It should be noted that, for the purposes of the Phase 2 modelling, organic costs (both financial and 

environmental) have been excluded from the analysis, as not all authorities currently collect both garden and 

food waste, and because of the added complication whereby several of the case study authorities are currently 

part way through roll-outs of food waste collection schemes. 

 

The assessment of the environmental impacts uses the mass flow and transport data provided by each local 

authority, as described earlier in this report. The approach to the calculation of environmental impacts can be 

summarised as follows: 

 

 Environmental impacts are based on those associated with air pollution only – impacts to soil and water are 

not considered. The impacts associated with air pollution are much better understood than those of soil and 

water pollution. 

 Climate change impacts are monetised using the methodology recently developed by the UK Government7. 

 Air pollution impacts are monetised using the UK-specific damage costs taken from the Clean Air for Europe 

(CAFÉ) programme8. The dataset includes both the impact of pollution originating in the UK on European air 

quality as well as damage costs for pollution occurring in the oceans – this is required when considering 

emissions associated with shipping recyclate overseas. 

 For the climate change impacts we consider results both excluding and including the biogenic CO2 emissions. 

Whilst the exclusion of the biogenic CO2 impacts is typical when an LCA approach is taken in this type of 

analysis, analyses undertaken using the CBA framework typically include these emissions. We present results 

excluding the biogenic CO2 in the central case, with sensitivity analysis considering any variation in the results 

that would occur as a consequence of the inclusion of this impact. 

 In modelling the behaviour of landfill, we assume a landfill gas capture rate of 50%. 

 For the Phase 2 models, incineration facilities are assumed to generate only electricity at a gross generation 

efficiency of 24%. The incinerator is assumed to meet the requirements of the Waste Incineration Directive 

with respect to the pollution abatement equipment installed. 

 We assume the electricity generated by incinerator offsets the production of electricity that would otherwise 

have been generated using combined cycle gas turbine (CCGT) plant in line with UK government guidance9. 

Our model considers both the climate change and air quality impacts associated with this avoided generation.  

 The environmental benefits associated with reprocessing the recycled material are based on data provided by 

WRATE. We consider only the impacts associated with climate change as the impacts on air quality (both 

positive and negative) are likely to happen outside Wales in many cases. 

 We assume energy use at the MRF to be 35 kWh of electricity per tonne of material treated and 2 litres of 

diesel per tonne; energy requirements for the treatment of recyclate at a transfer station are assumed to be 4 

kWh of electricity and 1 litre of diesel. In both cases our estimates have been developed based on data 

obtained through the course of this project from currently operating facilities. 

 With regard to the financial costs, both the impact of fuel duty and landfill tax are excluded from the final 

totals that combine the financial and environmental costs. The duty and the tax are intended to offset some 

or all of the environmental impact associated with the pollution from road transport and landfilling waste. 

Both types of pollution are separately accounted for in the consideration of environmental damages; thus the 

duty and the tax are excluded from the final total to avoid double counting this part of the impact. 

                                                      
7 DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change Economics, Department of Energy 
and Climate Change, July 2009 

8 M. Holland and P. Watkiss (2002) Benefits Table Database: Estimates of the Marginal External Costs of Air Pollution in Europe, 
Database Prepared for European Commission DG Environment; AEAT Environment (2005) Damages per tonne Emission of 

PM2.5, NH3, SO2, NOx and VOCs from Each EU25 Member State (excluding Cyprus) and Surrounding Seas, Report to DG 
Environment of the European Commission, March 2005 

9 See, for example: DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change Economics, 
Department of Energy and Climate Change, July 2009 
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6.0 Phase 3: All-Wales models 
 

In order to inform the debate that is taking place around WAG’s interest in moving towards a more harmonised 

approach to kerbside dry recycling collections across Wales, the remaining part of this study looked at how the 

three dry recycling collection systems (kerbside sort, two-stream and co-mingled) might be expected to perform if 

they were rolled out across all 22 local authorities in Wales. Essentially, this involved undertaking a series of 

modelling exercises, based on WasteDataFlow data for each authority and shaped according to the findings from 

the Phase 2 case studies and other reference data where applicable. The financial and environmental costs of 

each system were then calculated based on the mass flows for each authority. Modelling the costs and benefits 

associated with three harmonised Wales-wide collection systems enabled clear differentiation between the 

impacts of the different systems.  

 

Two scenarios were considered as part of the Wales-wide cost-benefit analysis of the three dry recycling systems: 

 

 current performance model: the collection method is ‘switched’ at the current level of recycling 

performance being achieved by each authority across Wales. Local authorities remain on their current 

recycling and residual waste collection frequencies and simply switch dry recycling collection system type 

where the system in question is not the current system used by the authority to deliver their dry recycling 

service; and 

 enhanced performance model: the collection method is switched at enhanced recycling performance 

levels, in the context of authorities in Wales meeting the Towards Zero Waste (TZW) 70% recycling target. All 

authorities are modelled as providing weekly recycling collections and fortnightly residual waste collections, 

with performance sufficient to achieve the 70% recycling target once other waste streams are taken into 

account.  

This section summarises the methodology that has been used to determine the potential financial, environmental 

and social impacts associated with implementing a Wales-wide kerbside sort, two-stream or co-mingled dry 

recycling collection system: 

 

 It first describes how the waste flows were derived for each authority across Wales, followed by the modelling 

applied to determine the financial and environmental impacts associated with each collection system. In 

contrast to the Phase 2 work, all parts of the kerbside collection system were included in Phase 3 (i.e. residual 

waste, dry recycling and organic waste collections). Organic waste collections will be particularly important in 

the context of the enhanced performance model and meeting the 70% recycling target.  

 It then describes the financial and environmental cost modelling used to determine the overall costs and 

benefits associated with each scenario and each dry recycling system.  

It should be noted that the social impacts associated with the three dry recycling systems are not as amenable to 

inclusion within a monetised approach, and there is currently no consensus on the approach to modelling social 

impacts in the framework of cost-benefit analysis. As such, social impacts are discussed separately to the cost-

benefit analysis outputs from Phase 3, drawing data from the modelling where applicable.  

 

6.1 Waste flow models 
 

For Phase 3 of the project, the flows of materials in kerbside collection systems were modelled across all 

authorities in Wales. The purpose of the modelling was to predict the waste flows that would occur if all 

authorities in Wales were to switch to a particular collection method, i.e. kerbside sort, co-mingled or two-stream. 

The modelling methods and assumptions applied for single and two-stream co-mingled are very similar. Where 

co-mingled systems are referred to in this section without reference to single or two-stream, both systems are 

being referred to; this relates in particular to distinguishing between modelling approaches for kerbside sort and 

co-mingled (both single and two-stream). However where single or two-stream systems have been treated 

differently, i.e. through applying different assumptions, this has been specifically noted.  

 

Two sets of mass flows were modelled – one for the current performance scenario and one for the enhanced 

performance scenario. There are many common elements for each of these modelling exercises. The general 

approach is illustrated in Figure 38. 
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Figure 38: General structure of the Phase 3 mass flow models. 
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The implication of this approach is that the composition of the kerbside dry recycling bin is inferred from the 

composition of the various product streams. For authorities currently operating kerbside sort systems, the 

magnitude of product streams has been determined from WasteDataFlow (WDF) tonnages. Therefore separately 

reported WDF kerbside recycling tonnages play a major role in determining the composition of the kerbside dry 

recycling bin for authorities currently providing kerbside sort systems. However, it is important to note that this 

study has taken these data a stage further in terms of estimating the arising of different compositional 

components within each product stream (i.e. separately reported WDF recycling tonnages for kerbside sort 

authorities). The compositional profiles of product streams have been largely determined from analyses carried 

out at sorting depots or MRFs, as obtained or referenced in Phase 2 of this project. This approach has been taken 

as these compositional profiles (of product streams at the sorting depot or MRF stage) provide by far the best 

data available for Welsh authorities.  

 

An alternative approach would have been to apply kerbside dry recycling audit data (from the recent AEA study10) 

to WasteDataFlow tonnages. However, these data are designed primarily for the purpose of understanding the 

composition of waste arising in collection systems, not the composition of product streams being sent for 

reprocessing. As such, they are of poor utility in comparison to the data obtained or referenced in Phase 2 of this 

project. However, this data is heavily called upon in other elements of the waste flow modelling process, as 

discussed elsewhere in this report. 

 

One limitation to the approach adopted has been that switches between systems are assumed to result in 

different arisings of product streams, since the arisings of product streams have been determined with reference 

to the case study authorities and other research carried out in Phase 2. The model then expresses mass flows 

both in terms of product streams and the compositional breakdown of these product streams (and residue 

streams for MRFs). Therefore waste flows are expressed throughout the model in two dimensions, as it were: 

product streams, and the compositional breakdown of those product streams. The result of this is that the model 

                                                      
10 WRAP (2010) The Composition of Municipal Solid Waste in Wales. 
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does not allow for a straightforward means for determining how captures of individual materials are affected 

through system switches (as the mass flows are effectively filtered through changes in product stream arisings 

and different composition profiles for product streams relating to different collection systems). However the 

model produces outputs which are considered to be realistic, and the method adopted is the only one available 

which relies on understanding the compositional profiles of various product streams (a fundamental feature of the 

Phase 2 mass flows, and indeed the whole study). 

 

The arisings of various product streams for each authority have been determined, with different approaches used 

in the current and enhanced performance model (key assumptions for each modelling exercise are detailed 

below). The product streams included in the models are shown in Table 30. The residue stream only appears for 

co-mingled systems and refers to the stream in MRFs which is sent for disposal.  

 

Table 30: Product streams included in the Phase 3 mass flow models 

 

 News & pams 

 Soft mix 

 Cardboard 

 Glass 

 Steel cans 

 Aluminium cans 

 Mixed plastics 

 Plastic bottles 

 Plastic film 

 Textiles 

Co-mingled only: Residue 

 

The sum of all product streams represents all material that is set out by the householder for kerbside dry 

recycling. In a kerbside sort system, the materials collected at the doorstep will be sorted into the various product 

streams as they are loaded into the vehicle (and in some cases some secondary sorting may occur at a depot). 

The major distinction between kerbside sort and co-mingled systems in terms of mass flows is that, by contrast, 

in the co-mingled system the materials are not separated out in to product streams until they are sorted within a 

MRF facility. 

 

As discussed below, it is known from evidence on the characteristics of collection systems that yields currently 

vary for kerbside sort and co-mingled systems. In view of this, the model performs an adjustment where an 

authority switches between kerbside sort and co-mingled collection methods. Essentially this results in lower 

collection yields for kerbside sort. However, the way in which this collected material divides up into product 

streams also varies between the collection systems, in particular with the kerbside sort system not having a 

residue profile. The net result of applying this approach is that kerbside sort systems achieve lower yields, but the 

concentration of non-target material set out by the householder is also lower in comparison to co-mingled 

collection systems. 

 

Having determined the tonnage arisings of product streams for each authority (with the product streams 

recalculated if that authority has experienced a switch, for example from kerbside sort to single-stream co-

mingled), the model then works out what is actually in each of the product streams. For example, we have a 

product stream called ‘news & pams’, but from fieldwork carried out during Phase 2 of this project and other 

evidence, we know that this stream does not consist of only newspapers and magazines, but that other materials 

can be expected to arise within that product stream. Therefore, composition profiles are applied to each product 

stream, in order to express the arisings of various components according to the compositional categories used in 

this study. This is the same category list as applied in Phase 2. Different compositional profiles have been 

produced for each product stream as follows: 

 

 kerbside sort all authorities; 

 single and two-stream co-mingled urban and valleys authorities; and 
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 single and two-stream co-mingled rural authorities. 

As an example, the composition profile applied for the news & pams product stream for kerbside sort systems is 
shown in Table 31, which also illustrates the compositional categories used in the models. 

Table 31: Example product stream profile, news & pams for kerbside sort systems 

News & pams 95.23% 

Non-target fibre 3.60% 

Brown board 0.13% 

Grey & white board 0.72% 

Cartons 0.04% 

Plastic film (LDPE) 0.03% 

Plastic bottles 0.00% 

Other dense plastic packaging 0.01% 

Other dense plastic (non-packaging) 0.01% 

Textiles 0.00% 

Glass 0.10% 

Ferrous cans 0.04% 

Other ferrous 0.00% 

Aluminium cans (UBC) 0.01% 

Other non-ferrous 0.00% 

Garden waste 0.00% 

Food waste 0.00% 

Hazardous 0.08% 

WEEE 0.00% 

Other: misc / fines 0.00% 

 

Since the model predicts changes in material flows for switches between collection systems, it is necessary for the 

model to check that the new mass flows after switches do not exceed the material available within the kerbside 

system. The available material for each authority has been determined through applied kerbside residual 

composition profiles to WasteDataFlow (WDF) kerbside refuse tonnages for 2009/10, considering these alongside 

WDF tonnages for kerbside recycling11. Bring site tonnages are also considered, as some switches (in the 

enhanced performance model) result in materials being targeted for kerbside dry recycling that were previously 

collected through bring sites. The model makes any adjustments required within the waste flows for each 

authority to ensure that the capture of available material is not exceeded. 

 

The mass flows, after adjustments in line with available material, represent the first main outputs of the model, in 

terms of specifying the magnitude of various product streams and the arisings of each component (in terms of 

the compositional categories – Table 31) within each product stream. 

 

The model then produces mass flows for the end fates of each material. The fate of each component within each 

product stream has been separately determined within the model. In line with the approach to composition 

profiles for product streams, the fates of each component in each product stream have been allocated according 

to three profiles: 

 

 kerbside sort all authorities; 

 single and two-stream co-mingled urban and valleys authorities; and 

                                                      
11 WRAP (2010) The Composition of Municipal Solid Waste in Wales. 
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 single and two-stream co-mingled rural authorities. 

Therefore, where all Wales authorities switch to kerbside sort, the same fates for each component within each 

product stream are applied for all authorities. However, where all Wales authorities switch to co-mingled (either 

single or two-stream), different fates are specified for each component within each product stream, depending on 

whether the authority is urban and valleys, or rural. The reasoning behind this is that it was considered important 

to represent different types of MRF within the model. In that context, it was considered likely that urban and 

valleys authorities would be served by large, high tonnage throughput MRFs, whereas rural authorities are more 

likely to be served by smaller, locally operated, lower throughput MRFs. The general characteristics of these MRFs 

are likely to differ, and therefore the assumptions regarding fates for each component within each product stream 

have been considered separately for high tonnage and low tonnage throughput MRFs. 

 

The list of fates included in the model is the same as that used for the Phase 2 models and is as follows: 

 

 recycling (with different types of recycling considered for some materials, i.e. for fibre the fates newsprint, 

soft mix and OCC packaging are included); 

 landfill; 

 combustion with energy recovery (i.e. Energy from Waste); and 

 combustion without energy recovery (i.e. combustible materials burnt off during metal smelting processes, 

with no formal energy recovery attempted in the process). 

Key assumptions underpinning the mass flow models are described below, with assumptions for the current 

performance model considered first. Many of the same assumptions are applied in the enhanced performance 

model, though there are some important distinctions, which are addressed in a separate section below dealing 

with assumptions for the enhanced performance model. 

 

6.1.1 Key assumptions in the current performance model 
 

This section details the key assumptions for the current performance model.  

 

6.1.1.1 Baseline arisings of product streams 
 

For kerbside sort authorities, the arisings of different product streams have been determined with reference to 

WDF kerbside dry recycling tonnages for 2009/10. Where a switch to kerbside sort for all Wales is being 

considered, the current split of product streams for authorities currently operating kerbside sort has been applied. 

Where authorities are currently operating a co-mingled collection, an average kerbside sort product stream profile 

(derived from all Wales authorities currently operating kerbside sort systems) has been applied, as shown in 

Table 32. Note that there is no residue stream, and that it is assumed that soft mix will not be produced as a 

product stream within kerbside sort systems. For modelling mass flows at current performance levels, it has been 

assumed that the range of materials currently targeted within each authority remains the same.  
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Table 32: Average profile for relative arisings of product streams for kerbside sort: current performance levels 

 

News & pams 40.1% 

Soft mix 0.0% 

Cardboard 13.4% 

Glass 30.0% 

Steel cans 4.7% 

Aluminium cans 1.7% 

Mixed plastics 1.4% 

Plastic bottles 6.7% 

Plastic film 0.9% 

Textiles 1.1% 

 

For authorities currently operating co-mingled systems, the arisings of product streams have been estimated from 

the relative arising of product streams found in the case study authorities (i.e. authorities studied in Phase 2 of 

the project) which currently operate co-mingled collections, with separate profiles produced for urban and valleys, 

and for rural authorities, as illustrated in Table 33. Therefore a different product stream profile has been applied 

to each authority, depending on whether it is an urban or valleys authority, or a rural authority. If an authority 

currently operates kerbside sort and a switch to co-mingled is being modelled, the average profiles shown in 

Table 33 have been applied. 

 

Table 33: Average profile for relative arisings of product streams for co-mingled collections at current 

performance levels 

 

  URBAN & VALLEYS RURAL 

News & pams 13.5% 36.9% 

Soft mix 27.5% 0.0%  

Cardboard 7.3% 12.8% 

Glass 32.5% 26.8% 

Steel cans 3.9% 4.5% 

Aluminium cans 1.5% 0.9% 

Mixed plastics 4.4% 4.1% 

Plastic bottles 0.8% 6.6% 

Plastic film 1.7% 0.9% 

Textiles 0.7% 0.6% 

Residue 6.2% 5.8% 

 

 

6.1.1.2 Yield adjustments due to switch in collection method 
 

Where an authority switches between kerbside sort and co-mingled collection methods, it is assumed that the 

yields of material put out by the householder will be affected, with lower yields of collected material achieved by 

kerbside sort collection systems (however, as mentioned previously, the model is set up such that there will also 

be a lower concentration of non-target materials in kerbside sort systems). In order to determine the degree to 

which yields are likely to be so affected, data from a recent project investigating kerbside dry recycling systems 

was analysed12. Multiple regression analyses were carried out to examine the effects on kerbside dry recycling 

                                                      
12 Resource Futures on behalf of WRAP, Analysis of kerbside dry recycling performance in the UK 2008/09 
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yields of different collection methods, with care taken to exclude the effects of other factors (i.e. socio-

demographic profiles, ranges of materials targeted, etc.). The regression model developed for this has a high 

degree of explanatory power (adjusted R2 = 0.43). This model indicated that kerbside dry recycling yields can be 

expected to, on average, be lower than co-mingled recycling yields (all other factors being equal) as follows: 

 

 10.5% lower if kerbside dry collections are carried out weekly; and 

 18.3% lower if kerbside dry collections are carried out fortnightly. 

A summary of the regression model is provided in Table 34 and Table 35 (which are outputs from the statistical 

analysis software SPSS). The model was derived from 420 authorities in the United Kingdom. The dependent 

variable is kerbside dry recycling yield in kg/hh/yr, including the following materials: paper, card, cans, glass, 

plastics and textiles. The independent variables are: 

 

 Level of deprivation (percentage of population of Social Grade D or E from 2001 Census; this measure was 

used as it can be applied consistently across the United Kingdom, whereas indicator more commonly used in 

England, the Indices of Multiple Deprivation, cannot). 

 Whether the kerbside dry collection system is kerbside sort or co-mingled (single or two-stream). 

 The number of materials targeted for kerbside dry recycling (out of the list of materials included in the yields 

for the dependent variable – see above). 

 Whether the authority is located in East Anglia (this was found to be a significant variable when considering 

all UK authorities and the reasons for the inclusion of this variable are discussed in the kerbside dry recycling 

benchmarking report13). 

 Whether refuse collections are fortnightly (AWC) or weekly. 

Table 34: Summary for kerbside dry recycling regression model for UK authorities 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .661a .437 .430 35.87608 

a. Predictors: (Constant), SocialGradeDE, co-mingled, KSdry_no._materials, EastAnglia_EastMidlands, AWC 

 

A separate model was produced to examine the effect of kerbside dry collection frequency, which showed a 

greater differential between kerbside sort and co-mingled collection systems. The lower yields for kerbside dry 

collection systems with fortnightly dry collections were included in the mass flow model, as the regression 

modelling showed that this was an important factor. This is most likely to be due to the much lower containment 

capacity available to householders with fortnightly kerbside dry recycling box schemes, in comparison to co-

mingled bin schemes. The difference in yields for kerbside dry and co-mingled collection systems was found to be 

lower where kerbside dry recycling is collected weekly. 

 

The coefficients from these models (i.e. the degree to which different factors affect kerbside dry recycling yields) 

are expressed in units of kg/hh/yr. These were converted into percentage changes in total kerbside dry recycling 

yields through comparing these factors with average kerbside dry recycling arisings for authorities in the UK. This 

approach avoided the issue of introducing unrealistically high reductions in yields for switches to kerbside sort for 

authorities that currently do not target a wide range of materials, and therefore are currently already achieving 

low kerbside dry recycling yields. These yield adjustments are applied to the baseline product stream arisings, 

with the net result that an authority switching from co-mingled to kerbside sort will experience a reduction in 

yields, whereas an authority switching from kerbside sort to co-mingled will experience an increase in yields, with 

the reduction or increase being greater where kerbside dry recycling is collected fortnightly. 

                                                      
13 Resource Futures on behalf of WRAP, Analysis of kerbside dry recycling performance in the UK 2008/09 
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Table 35: Coefficients for kerbside dry recycling regression model for UK authorities 

Coefficients a 

Model 

Unstandardized Coefficients 
Standardized 

Coefficients t Sig. 

Collinearity Statistics 

B Std. Error Beta Tolerance VIF 

1 

(Constant) 123.171 12.369  9.958 .000   

EastAnglia_EastMidlands 23.426 4.390 .200 5.336 .000 .956 1.046 

KSdry_no._materials 19.120 1.834 .386 10.426 .000 .973 1.027 

AWC 26.290 3.567 .277 7.371 .000 .948 1.055 

Co-mingled 21.020 3.522 .221 5.969 .000 .973 1.028 

SocialGradeDE -265.818 27.492 -.356 -9.669 .000 .987 1.013 

a. Dependent Variable: allmaterials_kerb       
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6.1.1.3 Composition profiles for product streams 
 

The composition profiles of the product streams have been derived from Phase 2 of the project, with average 

composition profiles for each product stream being derived from the case study authorities. Separate composition 

profiles have been produced as follows, as derived from the relevant case study authorities from Phase 2:  

 

 kerbside sort all authorities; 

 single and two-stream co-mingled urban and valleys authorities; and 

 single and two-stream co-mingled rural authorities. 

For two-stream systems, similar profiles as those applied for the co-mingled stream are used, though with lower 

cross-contamination between product streams assumed to be taking place, and slightly higher purities of target 

materials within product streams. 
 

6.1.1.4 Determination of available material 
 

The determination of available material for the current performance model has assumed that bring site tonnages 

are included in the material available for kerbside dry recycling. Maximum capture rates of 90% for each material 

have been applied. 

 

6.1.1.5 Determination of fates 
 

The end fates for each component within each product stream have been derived from Phase 2 of the project, 

with the average allocation of fates for each component in each product stream being derived from the case 

study authorities. Separate composition profiles have been produced as follows, as derived from the relevant case 

study authorities from Phase 2:  

 

 kerbside sort all authorities; 

 single and two-stream co-mingled urban and valleys authorities; and 

 single and two-stream co-mingled rural authorities. 

A summary of the Wales-wide waste flows for the current performance scenario is presented in Table 36 below. 
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Table 36: Wales-wide waste flows – current performance (tonnes per annum) 

  

Set out for Collection MRF Rejects Processed & Recycled Processed & Disposed 

KS Co 2-S Co 2-S KS Co 2-S KS Co 2-S 

News & pams 83,485 91,434 93,789 2,546 2,080 82,308 84,339 89,490 855 6,016 3,920 

Non-target fibre 3,240 2,857 2,323 558 462 1,564 1,082 844 1,618 1,795 1,349 

Brown board 15,445 16,244 14,075 723 601 15,524 15,204 13,679 442 1,767 1,105 

Grey & white board 7,081 12,813 11,461 850 690 6,361 10,653 10,042 307 1,797 1,134 

Cartons 238 671 561 78 64 1 18 26 275 623 487 

Plastic film (LDPE) 2,340 3,606 3,238 1,630 1,338 2,269 1,129 1,271 142 2,427 2,012 

Plastic bottles 10,708 11,005 10,793 571 470 10,547 10,054 10,099 115 1,254 828 

Other dense plastic packaging 1,113 2,792 2,401 1,212 973 1,059 759 761 83 1,731 1,230 

Other dense plastic (non-packaging) 705 1,181 1,067 601 498 684 414 416 49 910 776 

Textiles 707 1,721 1,498 1,455 1,220 689 400 398 21 1,547 1,309 

Glass 54,278 58,146 59,718 657 528 54,084 55,299 56,978 112 3,817 3,641 

Ferrous cans 9,839 9,976 9,974 251 208 9,686 9,206 9,473 165 772 379 

Other ferrous 67 503 425 301 253 57 196 159 10 311 262 

Aluminium cans (UBC) 3,455 2,960 2,952 128 103 3,543 2,727 2,828 37 329 150 

Other non-ferrous 23 437 405 177 147 18 104 140 6 317 251 

Garden waste 0 897 882 54 45 0 3 4 4 104 85 

Food waste 8 1,199 1,025 546 457 0 45 65 53 1,216 1,004 

Hazardous 70 62 54 31 25 0 1 1 66 61 51 

WEEE 0 85 72 37 31 0 1 1 4 89 74 

Other: misc / fines 180 2,638 2,130 1,440 1,193 0 4 5 222 2,707 2,117 

TOTAL 192,981 221,227 218,843 13,846 11,388 188,394 191,637 196,678 4,587 29,590 22,165 
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6.1.2 Key assumptions in the enhanced performance model 
 

Many of the same assumptions in the current performance model are also used in the enhanced performance 

model, though with some important distinctions, as detailed below. In the enhanced performance model, it is 

assumed that kerbside dry recycling systems are optimised, in order to achieve the highest feasible captures of 

materials at the kerbside. One important result of this is that the collection systems are standardised according to 

optimum criteria. The implications of this are detailed below. 

 

6.1.2.1 Baseline arisings of product streams 
 

A standardised range of targeted materials is assumed to apply to all authorities and all collection systems. 

Capture rates for each type of material have been applied from work carried out by Eunomia to assess how a 

70% recycling rate target could be achieved 14. The range of materials and the relevant capture rates are shown 

in Table 37. It is important to note that these materials are expressed in terms of the composition categories 

used in this study, rather than in terms of product streams. 

 

Garden waste and food waste capture rates have also been specified in the models, since although they do not 

contribute to the key functions of the mass flow modelling, their inclusion allows overall capture rates for all 

kerbside waste to be calculated (which is useful in terms of determining how kerbside recycling contributes to 

meeting the TZW targets). 

 

These capture rates have been applied to the total kerbside compositional profiles for each authority, derived 

from analysing kerbside residual composition profiles alongside WDF kerbside refuse tonnages for 2009/10, and 

considering these alongside WDF tonnages for kerbside recycling15. The predicted captured material, which is 

expressed in terms of composition categories, has then been converted into product streams. The breakdown of 

fibre streams into news & pams, soft mix and cardboard is determined from average profiles obtained from Phase 

2 data. For the modelling of co-mingled collections across Wales, a soft mix product stream is included, as well as 

an MRF residue stream. The MRF residue stream in single co-mingled systems is assumed to be 5% of material 

collected for kerbside dry recycling, and 4% for two-stream systems. This is a slightly lower figure than that 

found for MRFs in Phase 2 and reflects an anticipated improvement in MRF performance in the context of 

achieved TZW targets. 

 

                                                      
14 Eunomia (2007) Scoping New Municipal Waste Targets for Wales, Report to the Welsh Local Government Association. 

15 WRAP (2010) The Composition of Municipal Solid Waste in Wales. 
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Table 37: Capture rates for kerbside dry recycling components for the enhanced performance baseline product 

stream calculations 

News & pams 90% 

Brown board 85% 

Grey & white board 85% 

Plastic film (LDPE) 45% 

Plastic bottles 75% 

Other dense plastic packaging 50% 

Other dense plastic (non-packaging) 50% 

Textiles 75% 

Glass 90% 

Ferrous cans 80% 

Other ferrous 60% 

Aluminium cans (UBC) 80% 

Other non-ferrous 60% 

Garden waste 95% 

Food waste 80% 

 
6.1.2.2 Yield adjustments due to switch in collection method 
 

Kerbside sort systems are expected to achieve lower yields in comparison to co-mingled systems. However, the 

gap between yields for these systems is expected to be lower due to the optimisation and standardisation of 

collection systems and the general step-change in public behaviour that will be required for the 70% target to be 

attained. For kerbside sort systems, it is assumed that dry recycling collections will be carried out weekly and that 

sufficient containment will be provided to householders to ensure that dry recycling yields are maximised. 

However it is considered that it will be more challenging to close the ‘yield gap’ between systems in areas with 

higher levels of deprivation. Therefore different yield adjustment factors have been applied to different authority 

types as follows for the switch from kerbside sort to co-mingled collections: 

 

 urban authorities: 4.3% lower yields; 

 valleys authorities: 10.5% lower yields; and 

 rural authorities: 3.5% lower yields. 

These yields have been derived through analysing and considering data relating to how socio-demographic and 

collection system factors affect kerbside dry recycling yields16. The maximum value has been assigned to valley 

authorities, which relates to the yield reduction factor from the regression model informing the current 

performance model (see above) for switching to kerbside sort, where kerbside dry recycling frequency is weekly. 

The lower reduction factors have been set at ‘best estimate’ levels, due to lack of any reference data to inform 

these values, although the differences in average deprivation levels for valleys, urban and rural authorities in 

Wales have been taken into account in determining the reduction factor for urban authorities (with the reduction 

factor being much closer to that for rural authorities than for valleys authorities). 

 

6.1.2.3 Composition profiles for product streams 
 

As per the current performance model, the composition profiles of the product streams have been derived from 

Phase 2 of the project, with average composition profiles for each product stream being derived from the case 

study authorities. 

 

                                                      
16 Resource Futures on behalf of WRAP, Analysis of kerbside dry recycling performance in the UK 2008/09 
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6.1.2.4 Determination of available material 
 

The determination of available material for the current performance model has assumed that bring site tonnages 

are included in the material available for kerbside dry recycling. Maximum capture rates of 100% for each 

material have been applied. 

 

6.1.2.5 Determination of fates 
 

The end fates for each component within each product stream have been derived from Phase 2 of the project, 

with the average allocation of fates for each component in each product stream being derived from the case 

study authorities. 

 

A summary of the Wales-wide waste flows for the enhanced performance scenario is presented in Table 38 

below. 
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Table 38: Wales-wide waste flows – enhanced performance (tonnes per annum) 

  

Set out for Collection MRF Rejects Processed & Recycled Processed & Disposed 

KS Co 2-S Co 2-S KS Co 2-S KS Co 2-S 

News & pams 111,845 119,977 118,927 3,207 2,447 105,733 104,906 105,716 1,328 8,667 5,079 

Non-target fibre 4,134 4,262 4,387 688 525 1,903 1,417 1,699 2,053 2,618 2,388 

Brown board 24,880 22,944 23,215 882 673 25,097 20,642 23,151 774 2,630 1,745 

Grey & white board 11,065 18,883 19,325 1,083 826 9,969 14,792 15,992 623 3,084 2,023 

Cartons 445 759 853 96 73 0 20 28 426 698 767 

Plastic film (LDPE) 12,831 14,048 14,087 2,038 1,556 12,037 10,037 10,622 245 3,261 2,502 

Plastic bottles 24,322 24,323 24,323 711 543 33,103 33,536 37,211 135 1,659 1,016 

Other dense plastic packaging 3,185 6,653 6,710 1,574 1,201 2,945 3,968 4,677 104 2,330 1,574 

Other dense plastic (non-packaging) 1,573 3,912 4,220 737 562 1,452 2,528 3,005 54 1,175 926 

Textiles 11,822 2,053 1,668 1,747 1,334 11,284 2 3 32 1,942 1,551 

Glass 68,761 70,715 70,728 852 650 65,033 62,341 61,747 786 4,599 4,145 

Ferrous cans 19,249 20,147 20,236 308 235 18,489 19,336 19,312 258 1,059 526 

Other ferrous 138 774 607 362 276 107 358 281 25 374 284 

Aluminium cans (UBC) 5,533 5,843 5,843 163 124 5,780 7,286 7,420 46 465 220 

Other non-ferrous 392 811 712 216 165 123 193 272 252 571 391 

Garden waste 1 177 160 65 50 0 3 4 0 164 145 

Food waste 18 2,207 2,005 658 502 0 51 70 17 2,039 1,798 

Hazardous 102 96 111 40 31 0 1 1 97 90 102 

WEEE 1 156 144 44 34 0 1 1 1 147 133 

Other: misc / fines 353 4,844 3,905 1,767 1,349 0 4 6 338 4,582 3,632 

TOTAL 300,652 323,586 322,164 17,239 13,158 293,055 281,422 291,218 7,596 42,153 30,946 
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6.2 Collection cost modelling approach 
 

This section summarises the approach taken to establishing the costs associated with the collection of waste for 

the two scenarios and across the three dry recycling collection system options.  

 

Eunomia’s proprietary waste collection model, Hermes, has been used to investigate the cost of different 

collection options for all authorities in Wales. Hermes is a sophisticated spreadsheet based model that allows a 

wide range of authority specific and collection system specific variables to be modelled. The optimisation of these 

variables allows us to build scenarios to accurately reflect local circumstances. The main output of the model is 

the collection cost and in this case also the quantity of fuel used, which is used for the cost-benefit and 

environmental impact analyses. 

 

Eunomia is confident that Hermes is as reliable a tool as any of its kind. It has been used to model collection 

systems for individual authorities that collectively manage around 25% of the UK’s total municipal waste. It is 

used to support contract procurement advice and contract dispute resolution by building ‘shadow’ bids against 

which contractors’ tender submissions can be tested. Hermes has also been used in the context of studies of 

relevance to national policy, and to undertake a cost benefit analysis for the kerbside collection of food waste 

across the UK. 

 

In order to calibrate the model to the local collection dynamics faced, the approach firstly required that the 

resources and logistics involved in the existing services be captured as accurately as possible within a ‘baseline’ 

model. As well as ensuring that the model is representative of the local collection characteristics, this provided a 

foundation upon which alternative options can be built and evaluated. Under each future scenario, the model 

subsequently calculated the staffing and vehicle requirements. 

 

Welsh authorities were classified and modelled according to their authority type (urban, rural and valley), as well 

as collection system (kerbside sort, co-mingled and two-stream). For the purpose of calculating the collection 

costs, two future options were considered: 

 

 current performance modelling, where local authorities remain on their current recycling and residual 
collection frequency and simply switch collection system type; and 

 enhanced performance modelling, where all recycling is collected weekly, residual is collected fortnightly, and 

performance is sufficient to achieve the 70% recycling target.  

In the current performance model, the collection of garden and food waste was dealt with outside of the Hermes 

model, in order to better tailor the service to that provided in each authority. In the enhanced performance 

model, food waste is assumed to be collected weekly with the recycling service, and the garden waste service is 

modelled on a separate pass within Hermes. The collection modelling for these two options provides a collection 

cost per household, which is then multiplied by the number of households in each authority and summed to give 

a total cost for Wales. 

 

The following sections give descriptions of: 

 

 how Hermes works (Section 6.2.1); 

 the three baseline authorities (Section 6.2.2); 

 the current performance modelling (Section 6.2.3); and 

 the enhanced performance modelling (Section 6.2.4). 

The collection modelling results are presented in the body of the main report (Section 6.2). 

 

6.2.1 How Hermes works 
 

In general, a local authority modelling project requires the construction of a baseline model for the specific 

authority against which changes to the system are compared. Hermes requires two types of input:  

 

1 authority specific information; and  

2 performance information based on the experience of other authorities running the types of service being 

considered.  
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Authority specific inputs include information regarding the authority’s geography, number and type of households, 

current services and service performance, resources, and waste composition. These data are supplied by 

authorities and entered into Hermes to create a ‘baseline’ model of the current services. The development of the 

baseline model allows known inputs to be calibrated to known outputs so that factors such as productivity, pass 

rates, participation rates, recognition rates (and therefore capture rates) can be either checked, adjusted, or 

developed from scratch (depending on the data available and its quality). 

 

In this case, baselines are modelled for three of the six Phase 2 case study authorities to reflect the collection 

logistics for urban (Newport), rural (Pembrokeshire) and valley (RCT) authorities. The baseline model should 

accurately reflect: 

 

 waste composition and tonnages; 

 current participation, set out, recognition and capture; 

 authority characteristics (household numbers, population, housing types, distances etc.); 

 travel logistics (time, distance, speed, pass rate, pick up time etc.); and 

 current vehicle and container types and costs. 

This creates a sensible basis for testing the performance of possible new schemes, ensuring that the authority’s 

specific constraints are properly reflected. 

 

The likely performance of new schemes is driven by data drawn from authorities operating similar schemes 

elsewhere. These likely changes are incorporated into the model so that typical changes that one might expect 

are overlaid onto the baseline model. The resulting model represents what we would reasonably expect to 

happen if the authority in question implemented any one of those schemes. A schematic diagram of the 

methodology used in modelling is shown in Figure 39. 

 

Figure 39: Eunomia collection cost model schematic. Functionality not used (i.e. modelled separately) is displayed 

in grey text.  
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Costs are built up automatically by the model using unit cost data extracted from the database, which are based 

on data provided by the authority. The model calculates the numbers of vehicles, containers, and crew required 

and multiplies these by their unit costs. Although capital requirements are shown in the model, annual costs are 

based on the amortised cost of capital using depreciation periods and interest rates entered by the user. The total 
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cost of collection is reported as a per-household figure, which is then extrapolated for authorities of the same 

type but with different numbers of households across Wales.  

 

6.2.2 Baseline 
 

The key reason for modelling a baseline was to establish geographical descriptors to calculate the resource 

requirements for each authority in the future options. The important descriptors are: 

 

 time and distance between rounds and depots; 

 time and distance between rounds and tips; 

 time at the tip; 

 time and distance between tips and depots; and 

 time and distance spent driving forward (i.e. between houses) while on the collection round. 

Three authorities were used as baselines for the three authority types: 

 

 Newport for urban authorities; 

 Pembrokeshire for rural authorities; and 

 RCT for valley authorities.  

The services currently provided by these three authorities are described in the individual case study authority 

reports, and are summarised in Table 39. We modelled all services currently provided by each authority (i.e. 

recycling, residual, food and garden where applicable). 

 

Table 39: Current collection services overview – Newport, Pembrokeshire and RCT 

 Newport Pembrokeshire RCT 

Number Households 61,900 57,822 104,957 

Dry 

Recycling 

Service 

Service 

Weekly kerbside sort, 

boxes, offered to almost 

all households (except 

some flats). 

Cans, foil, glass, plastic 

bottles, textiles, paper, 

greeting cards, printer 

cartridges and mobile 

phones. 

Weekly sack offered to 

all households.  

Paper, cardboard, cans 

and aluminium foil and 

plastic bottles. 

Weekly two-stream (from 

resident’s perspective – 

fibres and containers) using 

sacks, offered to 100% of 

households.  

Paper, card, mixed plastics, 

cans, foil, glass, small 

amount textiles. 

Logistics 

Small stillage vehicles 

(mostly 7.5t). Driver+1 

and two single-operative. 

Mostly 15t RCVs and 

small cage tippers. 

Driver+1.5 (round 

dependent). 

26t 70/30 split RCVs. 

Dry recycling collected 

in 70, food waste in 30. 

18t RCVs and 7.5t cage 

tipper (restricted access). 

Mostly Driver+2. 

Refuse 

Service 

Service 

Fortnightly wheeled bin 

except flats which 

receive weekly 

communal bin service. 

Weekly in sacks.  
Weekly, approx. 70% 

wheeled bin, 30% sacks. 

Logistics 
23t and 15t RCVs. 

Driver+2. 

26t and 15t RCVs. 

Driver+1.5 (round 

dependent). 

26t RCVs with food pods 

and 18t RCVs. Mostly 

Driver+2. 

Organics 

Service 
Service 

Free fortnightly garden 

waste and cardboard in 

wheeled bins to majority 

Separate garden waste 

service not offered at 

kerbside.  

Free weekly garden waste 

in sacks.  

Weekly food to 23,000 
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 Newport Pembrokeshire RCT 

households.  

Weekly food waste in 

caddies to 50,000 

households. 

Food waste collection in 

caddies currently 

offered to 50% 

households. 

households in caddies.  

Logistics 

Garden waste collected 

using 23t RCVs. 

Driver+2. 

Food waste collected on 

same pass as dry 

recycling on stillage 

vehicles. Driver+1 and 

two single-operative. 

26t 70/30 split RCVs. 

Dry recycling collected 

in 70, food waste in 30. 

Driver+2. Also a 15t 

RCV for food waste. 

Driver+1. 

Garden waste collected in 

RCVs with dry recycling. 

Food waste collected in 

pods on refuse rounds. 

Mostly Driver+2. 

 

Within the scope of this project, it is not possible to model all existing collection rounds at a detailed level for 

each authority. However, in order to provide as accurate a representation of the collection logistics for the three 

authority types as possible, we have split each authority by the following property typology: 

 detached houses; 

 semi-detached houses; 

 terraced houses; 

 purpose-built flats;  

 converted properties; and 

 restricted access. 

These property types are used primarily because they represent different times spent driving between houses, 

but also because the relative proportion of each of these housing types varies for the three authority types.  

 

After the model is set up with all the above data for a given authority, it is tuned to reflect the resources currently 

required to run the waste collection service. The key outputs that are compared between the model and the 

current authority’s performance for each service (dry recycling, residual waste, food and garden where 

applicable) are: 

 

 the number of vehicles in use; and 

 the miles driven per year. 

The resulting numbers of vehicles, miles driven per year, and collection costs were a good match with the 

financial data provided by these three authorities. We are therefore confident that the geographical descriptors in 

the model broadly reflect the current circumstances in Wales, and these have been used in the two modelling 

scenarios discussed below. 

 

All 22 Welsh authorities were classified and modelled according to their authority type (urban, rural and valley), 

as well as dry recycling collection system (kerbside sort, co-mingled and two-stream). In both the modelling 

scenarios, the authority geography was based on the timing assumptions for the three (valley, rural and urban) 

baseline models, and mass flows were taken from the kerbside mass flow modelling (Section 6.1). The collection 

modelling for these two options provides a collection cost per household, which is then multiplied by the number 

of households in each authority and summed to give a total cost for Wales (see below). 

 

6.2.3 Current performance modelling assumptions 
 

To model the cost of waste collection in Wales at current recycling rates, authorities were grouped together 

based on their authority type, their dry recycling system and their current recycling and residual frequencies. For 

example, the group of valley authorities with weekly two-stream recycling and weekly residual collections 

contains two authorities: Merthyr Tydfil and RCT. All modelling groups are listed in Table 40.  
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In order to ensure that all switches that occur in the modelling scenarios are covered, Table 40 contains some 

groups where no authorities currently provide that collection service. For example, no valley authority currently 

collects both co-mingled recycling and residual waste weekly. However, this group is still modelled, because in 

the current performance model when all of Wales switches to co-mingled, Neath Port Talbot, Merthyr Tydfil and 

RCT will move into this group. The result is 24 models to represent the three collection systems for all 22 

authorities. 

 

Table 40: Current recycling systems operated by authorities in Wales 

Authority 

Type 

Recycling Residual  
Authorities 

System Frequency Frequency 

Valleys 

Kerbside Sort Weekly 
Weekly Neath Port Talbot 

Fortnightly Bridgend, Torfaen 

Two-Stream Weekly 
Weekly Merthyr Tydfil, RCT 

Fortnightly Blaenau Gwent 

Co-mingled Weekly 
Weekly None 

Fortnightly Caerphilly 

Rural 

Kerbside Sort 
Weekly 

Weekly None 

Fortnightly Gwynedd, Anglesey 

Fortnightly Fortnightly The Vale of Glamorgan, Conwy 

Two-Stream 
Weekly 

Weekly Monmouthshire, Powys 

Fortnightly None 

Fortnightly Fortnightly None 

Co-mingled 
Weekly 

Weekly Pembrokeshire  

Fortnightly Ceredigion 

Fortnightly Fortnightly Carmarthenshire, Denbighshire 

Urban 

Kerbside Sort 

Weekly Fortnightly Newport, Wrexham 

Fortnightly 
Weekly Flintshire 

Fortnightly None 

Two-Stream 

Weekly Fortnightly None 

Fortnightly 
Weekly None 

Fortnightly Swansea 

Co-mingled 

Weekly Fortnightly None 

Fortnightly 
Weekly Cardiff 

Fortnightly None 

 

Waste compositions and waste flows for each of the models are averaged from the current performance mass 

flow models (Section 6.1.1). For the current performance model, these are based on WasteDataFlow. The set out 

rates modelled to achieve these mass flows are shown in Table 41. We assume that the set out rate for 

authorities with weekly dry recycling service is less than for fortnightly dry recycling because containers are less 

likely to be full (and thus set out) after only one week rather than after two.  

 

Table 41: Set out rates modelled in baseline and current performance model 

 Baseline Current Performance Models 

Authority Newport Pembs RCT Weekly Dry Recycling Fortnightly Dry Recycling 

Set out Rate 70% 65% 65% 65% 75% 

 

The containment types, vehicles and crew numbers modelled for dry recycling and residual waste services are 

listed in Table 42 and Table 43 respectively. The containment type chosen for each model was the predominant 

containment type currently being used by authorities in Wales. For kerbside sort, the predominant method of 

containment is boxes and a reusable sack, while for two-steam and co-mingled it is singe-use sacks. In valleys 

the predominant residual waste containment is wheeled bins, while in rural and urban authorities it is sacks, 

which broadly reflects current practice.  
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Table 42: Details of the recycling systems modelled in current performance modelling 

Authority 

Type 

Recycling 

System 
Containment Vehicle Crew 

Valleys 

Kerbside Sort 2 Box + reusable sack Stillage driver+1.25 

Two-Stream Sacks Split-back RCV driver+2 

Co-mingled Sacks RCV driver+2 

Rural 

Kerbside Sort 2-3* Box + reusable sack Stillage driver+1 

Two-Stream Sacks Split-back RCV  driver+1 

Co-mingled Sacks RCV driver+1 

Urban 

Kerbside Sort 2-3* Box + reusable sack Stillage driver+1.5 

Two-Stream Sacks Split-back RCV driver+2 

Co-mingled Sacks RCV driver+2 

Notes:  

*Households are modelled to receive two boxes on weekly, and three boxes on fortnightly kerbside sort schemes.  

 

Table 43: Details of the residual system modelled in current performance modelling 

Authority Type Recycling System Containment Vehicle Crew 

Valleys All Wheeled bin 

RCV 

driver+1.5 

Rural All Sacks driver+1 

Urban All Sacks driver+2 

 

The vehicles and crewing numbers were chosen based on both what is currently being used in Wales and 

Eunomia’s experience with high performing recycling services in the UK. Kerbside sort was modelled to be using a 

stillage vehicle similar to the one currently in operation in Newport; RCVs were modelled as standard RCVs. 

Crewing numbers differ for valleys, rural and urban due to different geographies and housing densities. Vehicle 

specifications for the current performance model are listed in Table 44; fuel usage of vehicles is listed in Table 

45. 

 

Table 44: Vehicles used in current performance modelling 

 GMV (t) Capacity (t) Volume (m3) Capital Cost 

Large stillage 13 2.5 20 £75,000 

RCV no bin lifts 26 12.7 21 £110,000 

RCV with bin lifts 26 11.8 21 £125,000 

Narrow RCV no bin lifts 24 11.8 16 £110,000 

Narrow RCV with bin lifts 24 10.9 16 £125,000 

Split-back RCV 26 10.5 20 £140,000 

 

 

Table 45: Fuel usage for vehicles in current performance modelling 

 RCV Stillage 

Valleys 4 9 

Rural 5 11.3 

Urban 3.5 7.9 
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Finally, the working day length and staff costs are shown in Table 46. The values for rural authorities are based 

on the Pembrokeshire baseline, where crews are contracted for four 10 hour days, rather than five 7.5 or 8 hour 

days; this is reflected in the increased length of working day and also in the driver and loader staff costs.  

 

Table 46: Working day lengths and staff costs 

 
Recycling Working 

Day Length 

Residual Working 

Day Length 
Driver Costs Loader Costs 

Valleys 7 6 £22,586 £21,085 

Rural 9 7 £29,039 £27,109 

Urban 7 6 £22,586 £21,085 

 
6.2.3.1 Food and garden waste collection costs 
 

In Wales, organic waste collection is being dealt with differently in each of the 22 authorities. Garden waste for 

example is being collected weekly, fortnightly, or not at all, depending on the authority in question, and it is 

being collected in a variety of ways including via separate collections, on the same vehicle as dry recycling but in 

a different stream, in the same waste stream as dry recycling, and even with refuse. This leads to too many 

different systems to be able to include them all in the recycling and residual combinations discussed above. 

 

The methodology for estimating the costs of existing organic collections is as follows. Existing organic schemes 

are categorised according to a simplified list of organic collection schemes. The costs of the existing scheme are 

then estimated as a proportion of either the modelled refuse pass costs or the modelled dry recycling cost pass if 

more appropriate. The estimated costs per household for each authority are then proportioned to account for the 

estimated number of households receiving the service. The resulting costs per authority are then applied to all 

three scenarios without adjustment. The proportions used are detailed in the Table below. 

 

Table 47 Organic collection cost estimates in current performance model 

 Organic Collection System Reference 

Pass 

Per cent of reference 

pass costs if reference 

pass is weekly 

Per cent of reference pass 

costs if reference pass is 

fortnightly 

Weekly food (separate  pass) Refuse 60% 80% 

Weekly food (pod on refuse pass) Refuse* 35% 35% 

Weekly food (pod on dry pass) Dry* 40% 40% 

Weekly food (stillage vehicle) Dry 40% n/a 

Fortnightly mixed organics Refuse 50% 85% 

Weekly mixed organics Refuse 85% 125% 

Weekly free garden waste only Refuse 85% 50% 

Fortnightly free garden waste only Refuse 50% 85% 

Notes: 

*If reference pass is fortnightly then it has been assumed that food collections will alternate with the either the 

dry or refuse pass and these costs have been added to the other pass. 

 
6.2.4 Enhanced performance modelling assumptions 
 

To model the future cost of waste collection in Wales at enhanced recycling rates, authorities were grouped 

together based on their authority type (valley, rural and urban) and their dry recycling system (kerbside sort, 

two-stream and co-mingled), resulting in nine collection models. In the enhanced performance model, food waste 

is collected weekly on the same pass as the dry recycling for all three dry recycling systems, and the residual 

waste and the garden waste service are each modelled on a separate pass. The authority geography is taken 

from timing assumptions used in the three baseline models for valley, rural and urban. Waste compositions and 

waste flows are again averaged, from the enhanced performance mass flow model. Set out rates, shown in Table 
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48, are assumed to increase to 87% in the enhanced performance model compared to 65-75% in the current 

performance model (Table 41). 

 

Unless otherwise stated in this section, the modelling assumptions for enhanced performance are the same as for 

the current performance model.  

 

Table 48: Set out rates modelled in baseline and enhanced performance model 

 Baseline Enhanced Performance Models 

Authority Newport Pembrokeshire RCT Weekly Dry Recycling 

Set out Rate 70% 65% 65% 87% 

 

The containment types, vehicles and crew number in the enhanced model are given as follows: 

 

 in Table 49 for dry recycling; 

 in Table 50 for food waste; 

 in Table 51 residual waste; and 

 in Table 52 for garden waste. 

In order to achieve 70% recycling, in all cases, dry recycling and food waste is collected weekly with residual 

waste and garden waste collected fortnightly. 

 

The containment type for each model was chosen to encourage the best performance. For weekly kerbside sort, 

the method of containment modelled was two boxes for glass, metal and plastic containers with a reusable sack 

for paper and card, while for two-stream and co-mingled single-use sacks are modelled. For both residual and 

garden waste, the containment modelled was wheeled bins, which helps limit the weekly volume collected per 

household. The food waste service provides both a kitchen caddy to collect food waste inside the house, and a 

kerbside caddy for presenting the waste at the kerbside.  

 

The crew numbers were chosen to reflect the needs of each service and authority type. Food waste is collected in 

a pod on the same pass as dry recycling, and therefore we have increased the number of crew by one (relative to 

the current performance model) for both two-stream and co-mingled. The crew numbers for the kerbside sort 

systems were kept the same as for the current performance model, although the pick-up time for each household 

is increased to account for the extra material being collected.  
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Table 49: Details of the recycling systems modelled in enhanced performance modelling 

Authority 

Type 

Recycling 

System 

Collection 

Frequency 
Containment Vehicle Crew 

Valleys 

Kerbside Sort 

Weekly 

2 Box + reusable 

sack 
Stillage driver+1.25 

Two-Stream Sacks 
Split-back RCV with 

food pod 
driver+3 

Co-mingled Sacks RCV with food pod driver+3 

Rural 

Kerbside Sort 
2 Box + reusable 

sack 
Stillage driver+1 

Two-Stream Sacks 
Split-back RCV with 

food pod 
driver+2 

Co-mingled Sacks RCV with food pod driver+2 

Urban 

Kerbside Sort 
2 Box + reusable 

sack 
Stillage driver+1.5 

Two-Stream Sacks 
Split-back RCV with 

food pod 
driver+3 

Co-mingled Sacks RCV with food pod  driver+3 

 

 

Table 50: Details of the food waste system modelled in enhanced performance 

Authority 

Type 

Recycling 

System 

Collection 

Frequency 
Containment Vehicle 

All Kerbside Sort 

Weekly 
Kitchen and Kerbside 

Caddies 

On stillage 

All Two-Stream Pod on dry recycling 

All Co-mingled Pod on dry recycling 

 

 

Table 51: Details of the residual system modelled in enhanced performance modelling 

Authority 

Type 

Recycling 

System 

Collection 

Frequency 
Containment Vehicle Crew 

Valleys All 

Fortnightly Wheeled bin 

RCV driver+1.5 

Rural All RCV driver+1 

Urban All RCV driver+2 

  

 

Table 52: Details of the garden waste system modelled in enhanced performance 

Authority 

Type 

Recycling 

System 

Collection 

Frequency 
Containment Vehicle Crew 

Valleys All 

Fortnightly Wheeled bin 

RCV driver+1.5 

Rural All RCV driver+1 

Urban All RCV driver+1.5 

 

Vehicle specifications for the enhanced performance model are listed in Table 53; fuel usage of vehicles is the 

same as for the current performance model listed in Table 45.  
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Table 53: Vehicles used in enhanced performance Modelling 

 
GMV 

(tonnes) 

Capacity 

(tonnes) 

Volume 

(m3) 

Capital 

Cost 

Large stillage with food pod 13 4 29.5 £75,000 

RCV with bin lifts 26 11.8 21 £125,000 

Narrow RCV with bin lifts 24 10.9 16 £125,000 

RCV with food pod (no bin lifts) 26 11.7 14/5 £130,000 

Narrow RCV with food pod (no bin lifts) 24 10.6 11/3.8 £130,000 

Split-back RCV and food pod 26 8.1 10/5/5 £150,000 

Narrow split-back RCV and food pod 24 6 8/3.8/3.8 £150,000 

 

The working day lengths and staff costs are as shown in Table 46; these are kept the same in both the current 

and enhanced performance models. 

 

The main vehicles used in the dry recycling service are: 

 

 a modern high volume stillage vehicle for kerbside sort dry recycling and food waste collections; 

 a split-back RCV with food pod for two-stream dry recycling and food waste collections; and 

 a standard RCV with food pod for co-mingled dry recycling and food waste collections.  

Modern stillage vehicle 

Kerbside sort collection vehicles have seen significant design developments in recent years. Several contractors 

have developed vehicles that utilise the height of the vehicle to include two tiers of material containment, thereby 

increasing capacity to be similar to that of a Kerbsider-type vehicle, but at a substantially lower capital cost and 

with substantially lower fuel consumption. The vehicle modelled is similar to those currently employed on the 

Bridgend contract (Figure 40). Similar vehicles are employed for numerous authorities in the South of England 

and Northern Ireland. The vehicle design is altered slightly for each specific authority but the main principles are 

that mixed plastics and cans are stored on front two thirds of the top tier. The material is mechanically lifted to 

this area from the loading hopper which is at chest height towards the rear of the vehicle. Cardboard is loaded 

into the rear compartment of the vehicle and when the lower compartment is full this can be lifted to roof height 

so that the lower compartment can be filled again. The remaining major materials, including food waste, are 

loaded into stillages which are unloaded by forklift. Smaller materials such as textiles are loaded into several 

lockers. 
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Figure 40: Modern stillage vehicle 

 

 
 

RCVs 

The modelled co-mingled collections utilise RCVs with pods for the collection of the food waste. The addition of 

the food waste pods reduces the capacity in the rear of the vehicle when compared with a similar vehicle without 

a food waste pod. In the case of two-stream systems, these vehicles are also assumed to have a split back which 

gives two compartments for the collection of the streams. 
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Figure 41: RCV with food pod 

 
 

Figure 42: Split-back RCV 

 

 
 

 

6.3 Other cost modelling 
 

This section describes the approach taken to model the material income generated for each dry recycling 

collection system and the processing costs at both the primary MRFs and bulking depots. 

 

6.3.1 Material income 
 

All dry recycling collection methods are assumed to derive an income from the sale of the dry recycling materials 

collected. In all cases, there are some processing costs that must be applied to produce the material grades for 
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which the assumed income would apply. These processing costs are dealt with in the next section. All material 

income values are stated as per tonne and ex-works. 

 

The assumed material incomes have, where possible, been calculated using WRAP’s Material Pricing Report 

(MPR). In some cases the MPR does not report some relevant materials and therefore other sources have been 

utilised. No matter what the source, in most cases the mid-point between reported monthly high end and low end 

values has been taken and then the monthly mid-point values from December 2008 to November 2010 have been 

averaged to give a two year average result. The values used are shown in Table 54. The Table also includes more 

detailed notes on how individual values were derived. 

 

Table 54: Material income values (per tonne, ex-works) 

Material Grade 

Recycling System 

Notes Single-

stream 
Two-stream 

Kerbside 

sort 

News & pams £70 Two year MPR value 

Soft mixed paper 

(export) 
£62 n/a 

Two year value derived from 

Letsrecycle material value archives 

Cardboard £65 Two year MPR value 

MRF glass 

(mechanically 

separated from co-

mingled material 

£-10 £-10 n/a 
Glass PRN values have recently 

significantly diminished and it is 

thought that this is likely to remain 

the case for the foreseeable future. 

WRAP supplied reasonable estimates 

based on lower future PRN values. 

Mixed colour glass £0 £0 n/a 

Glass (separated in at 

least two colours) 
n/a n/a £16 

Steel cans (baled) £89 Two year MPR value 

Aluminium cans 

(baled) 
£664 Two year MPR value 

Mixed rigid plastic 

packaging (baled) 
£123 Two year MPR value 

Plastic bottles (baled) £233 

Two year MPR values used to derive 

an average figure for two grades of 

separated bottles, HDPE Natural and 

PET Clear. 

LDPE plastic films 

(baled) 
£0 

Consultant estimate (MPR values will 

not be applicable) 

Textiles n/a £284 16 month MPR value 

Residues £56 £80 

Co-mingled value assumes ½ of 

material is land-filled and ½ sent for 

SRF at £30 per tonne.  

 
6.3.1.1 Calculated value of materials in models 
 

The overall value of materials has been calculated for all three collection systems under all three scenarios and is 

shown in Table 55. The total value of material is higher in kerbside sort and two-stream systems mainly due to 

the higher values achieved for glass, loss of captured materials and the cost of disposal of MRF rejects. To a 

lesser extent it is also marginally due to lower values for soft mixed paper. The overall net basket value is the 

total income divided by the total tonnage. This measure illustrates that despite lower captured tonnages in the 

kerbside sort option it achieves a significantly higher value than the other systems. 
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Table 55: Overall material incomes and net basket values 

  

  
Co-mingled Two-stream  Kerbside sort 

Current 
Total Value £11,424k £13,060k £14,215k 

Net Basket £51.64 £59.68 £73.66 

Enhanced 
Total Value £23,344k £25,399k £26,816k 

Net Basket £72.14 £65.28 £89.19 

 
6.3.2 Processing costs at primary MRFs and depots 
 

In all cases it has been assumed that there will be a requirement to sort some of the collected materials. In the 

case of co-mingled and two-stream systems it is assumed that all collected material will require sorting at a 

primary MRF to make products that would equate to the grades that realise the material values that are detailed 

in the previous section. In the case of kerbside sort systems it has been assumed that plastics and cans will be 

collected co-mingled on the vehicle and will be separated into plastics, aluminium and steel cans at the depot. 

This process, along with the baling of cardboard, is costed for in the kerbside sort scenarios.  

 

6.3.2.1 Sizing facilities 
 

MRF efficiencies are dependant to some degree on the size of the facility, with larger facilities tending to produce 

significantly lower sorting costs per tonne of material than smaller facilities. The current approach to sizing 

municipal MRFs in Wales is that virtually all existing facilities would be considered small and probably only one 

facility (Cardiff) would have the capacity to be considered a medium sized MRF. In the scenarios where all 

material would be collected on either a co-mingled or two-stream basis a significantly larger tonnage would need 

to be MRF-treated and it would not make sense to build substantially more, smaller facilities.  

 

For modelling purposes we have attempted to draw a balance between current practice and the most efficient 

possible practice in the future scenarios by creating a mix of small and larger scale MRFs. We have assumed that 

all collected material from urban and valley authorities would be processed in relatively large facilities (capacity of 

85ktpa) and all material from rural authorities would be processed in smaller facilities (capacity of 10-12ktpa). 

The building of larger MRFs also factors in the costs associated with the requirement for some bulking facilities 

and bulk transport of material. Although it is a simplification, the MRF assumption results in approximately two-

thirds of the material being processed through the larger, cheaper facilities. In the eventuality that all authorities 

in Wales operate a co-mingled collection system, it is acknowledged that it is unlikely that all rural authorities 

would use small MRFs and all other authorities would use 85ktpa facilities. However, this approach does offer a 

plausible ‘MRF strategy’ overall, that directs a reasonable proportion of waste to larger facilities to realise the 

lower sorting costs that are likely to be provided by these facilities. 

 

6.3.2.2 Methodology for calculating MRF sorting costs – co-mingled and two-stream 
 

As detailed in the previous section, two sizes of facility have been modelled for co-mingled and two-stream 

systems, one being approximately 85ktpa capacity and the other being 10-12ktpa. The sorting costs for these 

facilities have been built up by calculating an annual budget for a facility, then dividing the annual all Wales 

predicted dry recycling arisings for each scenario between the appropriate number of facilities, and then dividing 

the annual budget of each facility by the by the share of arisings that would be processed at that facility to give a 

sorting cost per tonne of throughput. The calculated processed arisings at each facility are reasonably close to 

the assumed maximum throughput for each facility. 

 

The annual facility budget assumptions have been primarily calculated using WRAPs MRF Cost Calculator Models17 

These models allow budgets to be calculated for both sizes of facility and co-mingled and two-stream facilities.  

 

                                                      
17 Available from the WRAP Website 
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Key assumptions made are: 

 

  in all cases the facilities were costed for incoming material that included glass and is bagged; 

 all facilities were assumed to operate two eight hour shifts per day over a six day working week; 

 labour costs were adjusted to reflect 50% of sorting staff being on agency rates and the remainder of all staff 

being assumed to be local authority employees; and 

 plastic and can sorting infrastructure was increased to provide Near Infra-red (NIR) sorting and negative pick 

screening of rigid plastics into three grades in the 85ktpa facilities and one grade in the 10-12ktpa facilities. 

The initial modelling results were then checked with a MRF operator and various adjustments made to correct 

cost headings that were either missing or appeared to be resulting in unrealistic budget figures. In all cases, 

these adjustments increased the facility costs.  

 

The sorting costs of each of the facilities are presented as follows: 

 

 The annual budget for the co-mingled 85ktpa facility (current performance model) is presented in Table 56, 

and the subsequent sorting cost calculations for the facility are summarised in Table 57. 

 The annual budget for the co-mingled 10ktpa facility (current performance model) is presented in Table 58, 

and the subsequent sorting cost calculations for the facility are summarised in Table 59. 

 The annual budget for the two-stream 85ktpa facility (current performance model) is presented in Table 60, 

and the subsequent sorting cost calculations for the facility are summarised in Table 61. 

 The annual budget for the two-stream 10ktpa facility (current performance model) is presented in Table 62, 

and the subsequent sorting cost calculations for the facility are summarised in Table 63. 

 The annual budget for the co-mingled 85ktpa facility (enhanced performance model) is presented in Table 64, 

and the subsequent sorting cost calculations for the facility are summarised in Table 65. 

 The annual budget for the co-mingled 10ktpa facility (enhanced performance model) is presented in Table 66, 

and the subsequent sorting cost calculations for the facility are summarised in Table 67. 

 The annual budget for the two-stream 85ktpa facility (enhanced performance model) is presented in Table 68, 

and the subsequent sorting cost calculations for the facility are summarised in Table 69. 

 The annual budget for the two-stream 10ktpa facility (enhanced performance model) is presented in Table 70, 

and the subsequent sorting cost calculations for the facility are summarised in Table 71. 
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Table 56: Annual budget for co-mingled 85ktpa plant (current performance scenario) 

Tonnes/yr Designed Capacity 85,000 

Days/year 302 

Days/week 6.0 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 281 

Effective tonnes/hr 20.1 

Design tonnes/hr 26.1 

  

  CAPITAL ANNUAL 

EQUIPMENT COSTS   

Pre-treatment option £497,306 £70,805 

Separation £171,235 £24,380 

Fibre line £1,312,070 £186,809 

Mixed container receiving line £192,541 £27,414 

Ferrous line £53,820 £7,663 

Glass line £600,075 £85,437 

Plastic & aluminium line £1,072,403 £152,686 

Sub-total  £3,899,449 £555,194 

Mobile plant costs   

Other equipment related costs £232,300 £33,074 

Contingency £1,870,002 £266,246 

TOTAL EQUIPMENT COST £726,798 £103,480 

BUILDING SIZE (m2) 5,674 

BUILDING COST £2,127,710 £302,938 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 2 £65,000 

Baler Operators 2 £67,458 

Vehicle Operators 5 £129,612 

Presort 8 £207,379 

Fibre Sorters 31 £803,595 

Container Sorters 7 £181,457 

Labourer 4 £103,690 

Equipment Maintenance 2 £38,656 

Weigh Scale Op. 1 £33,729 

Administration & Clerical 2 £67,458 

TOTAL LABOUR COST 65 £1,736,585 

VARIABLE OPERATING COSTS  

Baling wire  £107,540 

Contingency (use of other MRF)  £106,250 

Fuel & oil  £40,000 

Utilities (electricity and water)  £388,080 

Insurance and taxes  £65,000 

Spare parts  £54,860 

Security  £15,000 

Office (general)  £40,000 

Equipment maintenance  £713,180 

TOTAL VARIABLE OPERATING COSTS  £1,529,910 

TOTAL CAPITAL  £1,260,932 
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Table 57: Calculation of sorting cost per tonne for co-mingled 85ktpa plant (current performance scenario) 

 

Total Annual Operating Budget per Facility £5,017,401 

Tonnes of dry recycling collected current model, urban and valley authorities 150,046 

Divided by two facilities gives individual facility tonnes 75,023 

Annual budget divided by facility tonnes gives processing cost £66.88 

 

TOTAL OPERATING  £3,266,495 

OVERHEADS  £489,974 

TOTAL ANNUAL COST  £5,017,401 
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Table 58: Annual budget for co-mingled 10ktpa plant (current performance scenario) 

Tonnes/yr Designed Capacity 10,000 

Days/year 302 

Days/week 6.0 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 33 

Effective tonnes/hr 2.4 

Design tonnes/hr 3.1 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment Option £198,234 £28,224 

Separation £131,043 £18,658 

Fibre line £260,458 £37,083 

Mixed container receiving line £37,446 £5,332 

Ferrous line £37,001 £5,268 

Glass line £126,581 £18,022 

Plastic & aluminium line £168,395 £23,976 

Sub-total  £959,157 £136,562 

Mobile plant costs £96,600 £13,754 

Other equipment related costs £557,389 £52,906 

Contingency £137,852 £19,627 

TOTAL EQUIPMENT COST £1,750,997 £86,287 

BUILDING SIZE (m2) 1,722 

BUILDING COST £645,827 £91,951 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 1 £32,500 

Baler Operators 0 £0 

Vehicle Operators 2 £51,845 

Presort 2 £51,845 

Fibre sorters 8 £207,379 

Container Sorters 6 £155,535 

Labourer 0 £0 

Equipment Maintenance 0.5 £9,664 

Weigh Scale Op. 0 £0 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 21.5 £581,047 

VARIABLE OPERATING COSTS  

Baling wire  £12,750 

Contingency (use of other MRF)  £12,500 

Fuel & oil  £10,000 

Utilities (electricity and water)  £48,840 

Insurance and taxes  £30,000 

Spare parts  £19,960 

Security  £15,000 

Office (general)  £10,000 

Equipment maintenance  £116,793 

TOTAL VARIABLE OPERATING COSTS  £275,843 

TOTAL CAPITAL  £314,801 

TOTAL OPERATING  £856,890 

OVERHEADS  £42,844 

TOTAL ANNUAL COST  £1,214,535 
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Table 59: Calculation of sorting cost per tonne for co-mingled 10ktpa plant (current performance scenario) 

 

Total Annual Operating Budget per Facility £1,214,535 

Tonnes of dry recycling collected, current model, rural authorities 71,942 

Divided by six facilities gives individual facility tonnes 11,990 

Annual budget divided by facility tonnes gives processing cost £101.29 
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Table 60: Annual budget for two-stream 85ktpa plant (current performance scenario) 

Tonnes/yr Designed Capacity 85,000 

Days/year 302 

Days/week 6 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 281 

Effective tonnes/hr 20 

Design tonnes/hr 26 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £46,000 £6,549 

Separation £0 £0 

Fibre line £1,324,084 £188,520 

Mixed container receiving line £244,084 £34,752 

Ferrous line £53,820 £7,663 

Glass line £643,969 £91,687 

Plastic & aluminium line £1,047,563 £149,149 

Sub-total  £3,359,519 £478,320 

Mobile plant costs £289,800 £41,261 

Other equipment related costs £1,471,094 £209,451 

Contingency £579,978 £82,576 

TOTAL EQUIPMENT COST £5,700,391 £811,607 

BUILDING SIZE (m2) 7,286 

BUILDING COST £2,732,142 £388,996 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 2 £65,000 

Baler Operators 2 £67,458 

Vehicle Operators 6 £155,535 

Presort 8 £207,379 

Fibre sorters 20 £518,448 

Container Sorters 7 £181,457 

Labourer 4 £103,690 

Equipment Maintenance 2 £38,656 

Weigh Scale Op. 1 £33,729 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 54 £1,443,631 

VARIABLE OPERATING COSTS  

Baling wire  £108,320 

Contingency (use of other MRF)  £93,779 

Fuel & oil  £40,000 

Utilities (electricity and water)  £105,600 

Insurance and taxes  £25,000 

Spare parts  £42,110 

Security  £15,000 

Office (general)  £40,000 

Equipment maintenance  £252,680 

TOTAL VARIABLE OPERATING COSTS  £722,489 

TOTAL CAPITAL  £1,200,603 

TOTAL OPERATING  £2,166,120 

OVERHEADS  £324,918 

TOTAL ANNUAL COST  £3,691,641 
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Table 61: Calculation of sorting cost per tonne for two-stream 85ktpa plant (current performance scenario) 

 

Total Annual Operating Budget per Facility £3,691,641 

Tonnes of dry recycling collected current model, rural authorities 150,046 

Divided by two facilities gives individual facility tonnes 75,023 

Annual budget divided by facility tonnes gives processing cost £49.21 
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Table 62: Annual budget for two-stream 10ktpa plant (current performance scenario) 

Tonnes/yr Designed Capacity 10,000 

Days/year 302 

Days/week 6 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 33 

Effective tonnes/hr 2 

Design tonnes/hr 3 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £46,000 £6,549 

Separation £0 £0 

Fibre line £305,075 £43,436 

Mixed container receiving line £54,493 £7,759 

Ferrous line £34,931 £4,973 

Glass line £72,657 £10,345 

Plastic & aluminium line £176,157 £25,081 

Sub-total  £689,313 £98,143 

Mobile plant costs £154,100 £21,940 

Other equipment related costs £320,343 £53,211 

Contingency £121,894 £20,247 

TOTAL EQUIPMENT COST £1,285,650 £291,684 

BUILDING SIZE (m2) 2,081 

BUILDING COST £780,547 £111,132 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 1 £32,500 

Baler Operators 0 £0 

Vehicle Operators 3 £77,767 

Presort 0 £0 

Fibre sorters 4 £103,690 

Container Sorters 6 £155,535 

Labourer 1 £25,922 

Equipment Maintenance 0.5 £9,664 

Weigh Scale Op. 0 £0 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 18 £477,357 

VARIABLE OPERATING COSTS  

Baling wire  £12,740 

Contingency (use of other MRF)  £14,988 

Fuel & oil  £10,000 

Utilities (electricity and water)  £39,600 

Insurance and taxes  £15,000 

Spare parts  £13,330 

Security  £15,000 

Office (general)  £10,000 

Equipment maintenance  £79,960 

TOTAL VARIABLE OPERATING COSTS  £210,618 

TOTAL CAPITAL  £402,817 

TOTAL OPERATING  £687,975 

OVERHEADS  £34,399 

TOTAL ANNUAL COST  £1,125,190 
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Table 63: Calculation of sorting cost per tonne for two-stream 10ktpa plant (current performance scenario) 

 

Total Annual Operating Budget per Facility £1,125,190 

Tonnes of dry recycling collected current model, rural authorities 71,942 

Divided by six facilities gives individual facility tonnes 11,990 

Annual budget divided by facility tonnes gives processing cost £93.84 
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Table 64: Annual budget for co-mingled 85ktpa plant (enhanced performance scenario) 

Tonnes/yr Designed Capacity 85,000 

Days/year 302 

Days/week 6.0 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 281 

Effective tonnes/hr 20.1 

Design tonnes/hr 26.1 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £523,480 £71,124 

Separation £171,235 £23,265 

Fibre line £1,249,590 £169,779 

Mixed container receiving line £213,935 £29,067 

Ferrous line £65,780 £8,125 

Glass line £666,750 £90,590 

Plastic & aluminium line £1,183,225 £150,572 

Sub-total  £4,073,995 £542,523 

Mobile plant costs £232,300 £31,562 

Other equipment related costs £1,870,002 £254,073 

Contingency £726,798 £98,749 

TOTAL EQUIPMENT COST £6,903,095 £926,907 

BUILDING SIZE (m2) 6,526 

BUILDING COST £2,447,205 £332,497 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 2 £65,000 

Baler Operators 2 £67,458 

Vehicle Operators 5 £129,612 

Presort 12 £311,069 

Fibre sorters 39 £1,010,975 

Container Sorters 10 £259,224 

Labourer 4 £103,690 

Equipment Maintenance 2 £38,656 

Weigh Scale Op. 1 £33,729 

Administration & Clerical 2 £67,458 

TOTAL LABOUR COST 80 £2,125,421 

VARIABLE OPERATING COSTS  

Baling wire  £107,540 

Contingency (use of other MRF)  £106,250 

Fuel & oil  £40,000 

Utilities (electricity and water)  £388,080 

Insurance and taxes  £65,000 

Spare parts  £54,860 

Security  £15,000 

Office (general)  £40,000 

Equipment maintenance  £932,620 

TOTAL VARIABLE OPERATING COSTS  £1,749,350 

TOTAL CAPITAL  £1,259,404 

TOTAL OPERATING  £3,874,771 

OVERHEADS  £581,216 

TOTAL ANNUAL COST  £5,715,390 
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Table 65: Calculation of sorting cost per tonne for co-mingled 85ktpa plant (enhanced performance scenario) 

 

Total Annual Operating Budget per Facility £5,715,390 

Tonnes of dry recycling collected, enhanced model, urban and valley authorities, plus 
small amount commercial waste 225,898 + 14,102 

Divided by three facilities gives individual facility tonnes 80,000 

Annual budget divided by facility tonnes gives processing cost £71.44 
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Table 66: Annual budget for co-mingled 10ktpa plant (enhanced performance scenario) 

Tonnes/yr Designed Capacity 10,000 

Days/year 302 

Days/week 6.0 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 33 

Effective tonnes/hr 2.4 

Design tonnes/hr 3.1 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £208,668 £28,351 

Separation £131,043 £17,804 

Fibre line £248,055 £33,703 

Mixed container receiving line £41,607 £5,653 

Ferrous line £41,113 £5,586 

Glass line £140,645 £19,109 

Plastic & aluminium line £637,105 £86,562 

Sub-total  £1,448,235 £196,769 

Mobile plant costs £96,600 £13,125 

Other equipment related costs £743,185 £100,975 

Contingency £275,703 £37,459 

TOTAL EQUIPMENT COST £2,113,723 £287,187 

BUILDING SIZE (m2) 1,884 

BUILDING COST £706,446 £95,983 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 1 £32,500 

Baler Operators 0 £0 

Vehicle Operators 2 £51,845 

Presort 2 £51,845 

Fibre sorters 8 £207,379 

Container Sorters 4 £103,690 

Labourer 0 £0 

Equipment Maintenance 0.5 £9,664 

Weigh Scale Op. 0 £0 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 19.5 £529,202 

VARIABLE OPERATING COSTS  

Baling wire  £12,750 

Contingency (use of other MRF)  £12,500 

Fuel & oil  £10,000 

Utilities (electricity and water)  £48,840 

Insurance and taxes  £30,000 

Spare parts  £19,960 

Security  £15,000 

Office (general)  £10,000 

Equipment maintenance  £169,700 

TOTAL VARIABLE OPERATING COSTS  £328,750 

TOTAL CAPITAL  £383,171 

TOTAL OPERATING  £857,952 

OVERHEADS  £42,898 

TOTAL ANNUAL COST  £1,284,020 
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Table 67: Calculation of sorting cost per tonne for co-mingled 10ktpa plant (enhanced performance scenario) 

 

Total Annual Operating Budget per Facility £1,284,020 

Tonnes of dry recycling collected enhanced model, rural authorities 115,934 

Divided by nine facilities gives individual facility tonnes 11,593 

Annual budget divided by facility tonnes gives processing cost £110.75 

 
 

  



 

 Kerbside Collections Options: Wales 150 
 

Table 68: Annual budget for two-stream 85ktpa plant (enhanced performance scenario) 

Tonnes/yr Designed Capacity 85,000 

Days/year 302 

Days/week 6 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 281 

Effective tonnes/hr 20 

Design tonnes/hr 26 

   

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £46,000 £6,549 

Separation £0 £0 

Fibre line £1,261,033 £179,543 

Mixed container receiving line £271,205 £38,613 

Ferrous line £59,800 £8,514 

Glass line £659,965 £93,964 

Plastic & aluminium line £1,080,625 £153,857 

Sub-total  £3,378,627 £481,040 

Mobile plant costs £289,800 £41,261 

Other equipment related costs £1,471,094 £209,451 

Contingency £579,978 £82,576 

TOTAL EQUIPMENT COST £5,719,499 £814,328 

BUILDING SIZE (m2) 8,816 

BUILDING COST £3,305,880 £470,683 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 2 £65,000 

Baler Operators 2 £67,458 

Vehicle Operators 6 £155,535 

Presort 8 £207,379 

Fibre sorters 20 £518,448 

Container Sorters 10 £259,224 

Labourer 4 £103,690 

Equipment Maintenance 2 £38,656 

Weigh Scale Op. 1 £33,729 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 57 £1,521,399 

VARIABLE OPERATING COSTS  

Baling wire  £108,320 

Contingency (use of other MRF)  £100,000 

Fuel & oil  £40,000 

Utilities (electricity and water)  £105,600 

Insurance and taxes  £25,000 

Spare parts  £42,110 

Security  £15,000 

Office (general)  £40,000 

Equipment maintenance  £315,840 

TOTAL VARIABLE OPERATING COSTS  £791,870 

TOTAL CAPITAL  £1,285,011 

TOTAL OPERATING  £2,313,269 

OVERHEADS  £346,990 

TOTAL ANNUAL COST  £3,945,270 
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Table 69: Calculation of sorting cost per tonne for two-stream 85ktpa plant (enhanced performance scenario) 

 

Total Annual Operating Budget per Facility £3,945,270 

Tonnes of dry recycling collected, current model, urban and valleys authorities, 
plus small amount commercial waste 227,528 + 12,472 

Divided by three facilities gives individual facility tonnes 80,000 

Annual budget divided by facility tonnes gives processing cost £49.32 
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Table 70: Annual budget for two-stream 10ktpa plant (enhanced performance scenario) 

Tonnes/yr Designed Capacity 10,000 

Days/year 302 

Days/week 6 

Shifts/day 2 

Hrs/shift 8 

Productive hours 14 

Tonnes/day 33 

Effective tonnes/hr 2 

Design tonnes/hr 3 

  CAPITAL ANNUAL 

EQUIPMENT COSTS  

Pre-treatment option £46,000 £6,549 

Separation £0 £0 

Fibre line £290,548 £41,367 

Mixed container receiving line £60,548 £8,621 

Ferrous line £38,813 £5,526 

Glass line £80,730 £11,494 

Plastic & aluminium line £645,730 £91,937 

Sub-total  £1,162,368 £165,495 

Mobile plant costs £154,100 £21,940 

Other equipment related costs £373,734 £53,211 

Contingency £142,209 £20,247 

TOTAL EQUIPMENT COST £1,832,410 £260,894 

BUILDING SIZE (m2) 2,261 

BUILDING COST £848,046 £120,743 

LABOUR COSTS  

Plant Manager 1 £38,550 

Foreman 1 £32,500 

Baler Operators 0 £0 

Vehicle Operators 3 £77,767 

Presort 1 £25,922 

Fibre sorters 4 £103,690 

Container Sorters 4 £103,690 

Labourer 1 £25,922 

Equipment Maintenance 0.5 £9,664 

Weigh Scale Op. 0 £0 

Administration & Clerical 1 £33,729 

TOTAL LABOUR COST 17 £451,435 

VARIABLE OPERATING COSTS  

Baling wire  £12,740 

Contingency (use of other MRF)  £14,785 

Fuel & oil  £10,000 

Utilities (electricity and water)  £39,600 

Insurance and taxes  £15,000 

Spare parts  £13,330 

Security  £15,000 

Office (general)  £10,000 

Equipment maintenance  £99,960 

TOTAL VARIABLE OPERATING COSTS  £230,415 

TOTAL CAPITAL  £381,637 

TOTAL OPERATING  £681,850 

OVERHEADS  £34,092 

TOTAL ANNUAL COST  £1,097,579 
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Table 71: Calculation of sorting cost per tonne for two-stream 10ktpa plant (enhanced performance scenario) 

Total Annual Operating Budget per Facility £1,097,109 

Tonnes of dry recycling collected, enhanced model, rural authorities 118,283 

Divided by nine facilities gives individual facility tonnes 11,828 

Annual budget divided by facility tonnes gives processing cost £92.79 

 
6.3.2.3 Summary of processing costs and illustration of equivalent net of material income 

gate fees 
 

Table 72 and Table 73 compare the various modelled gate fees. The overall individual facility budgets are higher 

in the enhanced performance model than in the current performance model. This is mainly due to a lower overall 

density of input. However, the methodology used effectively assumes higher utilisation of the capacity of the 

facilities in the enhanced scenario. In the rural cases we have assumed that the plants can handle slightly more 

than the ‘designed’ tonnage. This higher utilisation results in a slightly lower set of sorting costs in the enhanced 

option. 

 

Table 72: Summary of processing costs Co-mingled 

Product 
Sorting Cost Per Tonne 

(Current) 
Sorting Cost Per Tonne 

(Enhanced) 

Urban and valleys 2 x 85ktpa £66.88 £71.44 

Rural 6 x 10ktpa £101.29 £110.75 

  

Table 73: Summary of processing costs two-stream 

Product 
Sorting Cost Per Tonne 

(Current) 
Sorting Cost Per Tonne 

(Enhanced) 

Urban and valleys 2x 85ktpa £49.21 £49.32 

Rural 6 x 10ktpa £93.84 £92.79 

 

Table 74 details the inferred gate fees modelled, comprising processing costs minus material incomes. The most 

significant aspect to note is that the inferred gate fees are substantially lower in the enhanced model, which is 

mainly due to the higher net basket value of materials in these options. 

 

Table 74: Inferred gate fee net of material income (per tonne) 

 Current Enhanced 

Co-mingled £26.96 £16.60 

Two-stream £5.43 -£8.77 
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6.3.2.4 Methodology for calculating material bulking and sorting costs at the depot for 
kerbside sort  

 

Post-collection kerbside sort bulking and sorting operations differ from co-mingled and two-stream operations. 

The majority of materials are emptied into bulking bays and do not require any sorting prior to being shipped to 

merchants, secondary processors or reprocessors. There is a cost to this bulking operation that needs to be 

accounted for in the cost modelling. In the collection cost modelling, we have assumed that cans and rigid plastic 

packaging will be collected co-mingled in the kerbside sort option and would therefore arrive at the depot in this 

manner. To achieve the material income figures assumed in the cost modelling it would be necessary to sort this 

material into three separate streams: aluminium cans (UBC), steel cans and mixed rigid plastic packaging. 

Furthermore, all three streams would require baling for onward transport if the ex-works material income 

assumptions are to be realised. A similar issue exists with the collected cardboard which would be unlikely in 

most situations to realise the ex-works material income assumptions unless it was baled at the depot.  

 

We have addressed the necessary costs of bulking materials and sorting and baling the materials where this is 

required by calculating an annual depot budget and dividing this by a throughput tonnage to give a processing 

cost per tonne which is applied to plastic and metal containers and a bulking cost per tonne which is applied to all 

other materials. The assumed annual budget related to depot material handling is detailed in Table 75. The Table 

details the overall annual budget and how this has been assumed to be divided between plastic and metal 

containers and all other materials. It has been assumed that in the kerbside sort scenario all 22 authorities would 

have a depot with these facilities. The illustrated budget is calculated on the average tonnage per authority and 

then is scaled for each individual authority according to the calculated processing costs per tonne. These 

processing costs are £143.59 per tonne for plastic and metal containers and £15.45 per tonne for all other 

materials in the current performance model, and £67.67 per tonne for plastic and metal containers and £11.58 

per tonne for all other materials in the enhanced performance model. 
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Table 75: Annual budget for material handling costs at a kerbside sort depot 

 All materials 

Apply to 
materials except 
plastic and metal 

containers 

Apply to plastic 
and metal 
containers 

Tonnes/yr 15,000 11,571 3,429 

  CAPITAL ANNUAL  

EQUIPMENT COSTS  

Mixed container receiving line £60,548 £8,226  £8,226 

Ferrous line £38,813 £5,273  £5,273 

Plastic & aluminium line £120,000 £16,000  £16,000 

Sub-total  £219,360 £29,500  £29,500 

Mobile plant costs £96,600 £13,125 £9,844 £3,281 

Other equipment related costs £25,000 £35,000 £26,250 £8,750 

Contingency £193,571 £26,300 £19,725 £6,575 

TOTAL EQUIPMENT COST £315,171 £74,425 £55,819 £18,606 

BUILDING SIZE (m2) 1,782  

BUILDING COST £200,000 £30,000   £30,000 

LABOUR COSTS   

Foreman 1 £32,500  

Vehicle Operators 2 £51,845 38883.64 12961.21 

Container Sorters 1 £26,000  £26,000 

Equipment Maintenance 0.5 £9,664  £9,664 

TOTAL LABOUR COST £16 £120,009 £38,884 £48,625 

VARIABLE OPERATING COSTS   

Baling wire   £12,740  £12,740 

Contingency (use of other MRF)   £7,000 £5,250 £1,750 

Fuel & oil   £10,000 £7,500 £2,500 

Utilities (electricity and water)   £10,000  £10,000 

Insurance and taxes   £10,000 £2,500 7500 

Spare parts   £6,000 £1,500 4500 

Security   £10,000 £7,500 £2,500 

Office (general)      

Equipment maintenance   £40,000 4000 36000 

TOTAL VARIABLE OPERATING 
COSTS 

  £105,740 £28,250 £77,490 

TOTAL CAPITAL   £133,925 £55,819 £78,106 

TOTAL OPERATING   £225,749 £67,134 £126,115 

OVERHEADS   £17,984 £6,148 £10,211 

TOTAL ANNUAL COST   £377,657 £129,100 £214,432 

COST/TONNE DESIGNED 
CAPACITY 

  

CAPITAL   £11.31 £4.82 £22.78 

OPERATING   £19.06 £5.80 £36.78 

OVERHEAD   £1.52 £0.53 £2.98 

TOTAL   £31.88 £11.16 £62.53 
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6.4 Cost modelling results 
 

This section presents the results that have been generated from the cost modelling for the Wales-wide scenarios.  

 
The modelling process calculates the number of collection vehicles required for each collection option model. 

Each collection option model is then divided by the number of households modelled for that collection option 

model, applied to the appropriate authorities to which it applies and multiplied back up by the actual numbers of 

authorities within this option. The calculated modelled pass rates are presented in Table 76. 

 

The costs are modelled based on the resources required to deliver the service. Modelled costs for individual 

authorities are shown for the co-mingled, two-stream and kerbside sort options in the current performance model 

in Table 78, Table 79 and Table 80 respectively. These costs are ‘collection costs’ since they include the cost of 

vehicles, collection staff, vehicle parking, depots, management and overheads. They also include the costs 

associated with the provision of containment. The costs given in these tables do not, however, include materials 

income or MRF/depot processing costs. Modelled costs for the enhanced performance for co-mingled, two-stream 

and kerbside sort options are presented in Table 81, Table 82 and Table 83 respectively. In the enhanced model 

it is important to note that weekly food waste is collected on the dry recycling pass in all options and therefore 

the costs of food waste collection and containment are included in the costs of the dry recycling service. In co-

mingled and two-stream options the cost of bulking and transferring dry recycling is also included in these costs. 

 

Note: 

The following data are presented for transparency and completeness, but should not be taken as representing 

accurate cost estimates for individual authorities. This is primarily because the costs for most authorities (i.e. all 

bar the three ‘baseline’ authorities) are based on extrapolation of cost per household figures calculated for the 

baseline authorities. Although it will provide an accurate enough picture to compare options on a Wales-wide 

basis, this is not a sophisticated enough methodology to accurately model individual authority costs, due to 

inadequate tailoring of the model to the circumstances in each local authority area. The extrapolation-reliant 

methodology adopted was chosen as the alternative (modelling each authority individually for each option) would 

have been excessively expensive and disproportionate given the strategic nature of the project brief. 
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Table 76: Current performance model pass rates 
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Refuse with co-mingled 728 728 728 1,102 926 872 995 872 926 1,102 872 

Current two-stream 1,560 1,560 1,560 1,437 1,207 1,321 1,582 1,321 1,207 1,437 1,321 

Refuse with two-stream 656 656 656 1,290 880 872 1,175 872 880 1,290 872 

Current kerbside sort 837 837 837 694 573 740 788 740 573 694 740 

Refuse with kerbside sort 659 659 659 1,249 712 712 1,154 712 712 1,249 712 

 

Is
le

 o
f 

A
n

g
le

s
e

y
 

C
C

 

M
e

rt
h

y
r 

T
y
d

fi
l 

C
B

C
 

M
o

n
m

o
u

th
s
h

ir
e

 

C
C

 

N
e

a
th

 P
o

rt
 

T
a

lb
o

t 
C

B
C

 

N
e

w
p

o
rt

 C
it

y
 

C
o

u
n

c
il

 

P
e

m
b

ro
k

e
s
h

ir
e

 

C
o

u
n

ty
 C

o
u

n
c
il

 

P
o

w
y
s
 C

o
u

n
ty

 

C
o

u
n

c
il

 

R
h

o
n

d
d

a
 C

y
n

o
n

 

T
a

ff
 C

B
C

 

T
o

rf
a

e
n

 C
B

C
 

V
a

le
 o

f 

G
la

m
o

rg
a

n
 

C
o

u
n

c
il

 

W
re

x
h

a
m

 C
B

C
 

Current co-mingled 1,321 1,560 1,321 1,560 1,672 1,321 1,321 1,560 1,560 1,208 1,672 

Refuse with co-mingled 872 852 998 852 1,006 998 998 852 728 926 1,006 

Current two-stream 1,321 1,560 1,321 1,560 1,672 1,321 1,321 1,560 1,560 1,207 1,672 

Refuse with two-stream 872 864 998 864 1,222 998 998 864 656 880 1,222 

Current kerbside sort 740 714 749 714 867 749 749 714 837 573 867 

Refuse with kerbside sort 712 818 820 818 1,222 820 820 818 659 712 1,222 
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Table 77: Enhanced performance model pass rates 
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Refuse with co-mingled 841 841 841 1,050 827 827 1,050 827 827 1,050 827 

Current two-stream 771 771 771 1,231 834 834 1,231 834 834 1,231 834 

Refuse with two-stream 841 841 841 1,051 827 827 1,051 827 827 1,051 827 

Current kerbside sort 411 411 411 607 555 555 607 555 555 607 555 

Refuse with kerbside sort 816 816 816 1,031 827 827 1,031 827 827 1,031 827 
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Current co-mingled 890 842 890 842 1,344 890 890 842 842 890 1,344 

Refuse with co-mingled 827 841 827 841 1,050 827 827 841 841 827 1,050 

Current two-stream 834 771 834 771 1,231 834 834 771 771 834 1,231 

Refuse with two-stream 827 841 827 841 1,051 827 827 841 841 827 1,051 

Current kerbside sort 555 411 555 411 607 555 555 411 411 555 607 

Refuse with kerbside sort 827 816 827 816 1,031 827 827 816 816 827 1,031 
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Table 78: Co-mingled collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – current model   
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Cost of collection (per hh) dry £22.91 £22.91 £22.91 £14.26 £17.52 £26.60 £14.46 £26.60 £17.52 £15.18 £26.60 

Cost of Collection (per hh) food £15.50 £9.17 £0.00 £1.19 £6.01 £10.64 £0.00 £1.47 £6.50 £5.10 £0.00 

Cost of collection (per hh) garden 

waste 
£0.00 £0.00 £24.22 £20.38 £0.00 £0.00 £17.49 £13.02 £12.16 £11.99 £13.02 

Cost of collection (per hh) residual £19.38 £19.38 £19.38 £23.97 £14.31 £15.32 £13.99 £15.32 £14.31 £23.97 £15.32 

TOTAL COST OF COLLECTION £57.79 £51.46 £66.51 £59.80 £37.84 £52.56 £45.94 £56.42 £50.50 £56.24 £54.94 
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Cost of collection (per hh) dry £26.60 £23.59 £26.28 £23.59 £21.19 £26.28 £26.28 £23.59 £23.83 £17.52 £21.19 

Cost of Collection (per hh) food £12.26 £0.00 £0.00 £10.88 £8.48 £10.51 £3.83 £20.31 £0.00 £11.45 £1.09 

Cost of collection (per hh) garden 

waste 
£13.02 £26.42 £21.72 £26.42 £11.57 £0.00 £0.00 £0.00 £16.47 £6.08 £11.57 

Cost of collection (per hh) residual £15.32 £31.08 £25.55 £31.08 £13.61 £25.55 £25.55 £31.08 £19.38 £14.31 £13.61 

TOTAL COST OF COLLECTION £67.20 £81.09 £73.55 £91.97 £54.85 £62.35 £55.66 £74.98 £59.68 £49.36 £47.47 
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Table 79: Two-stream collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – current model  
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Cost of collection (per hh) dry £25.54 £25.54 £25.54 £16.58 £18.15 £27.79 £15.82 £27.79 £18.15 £16.58 £27.79 

Cost of Collection (per hh) food £15.50 £9.17 £0.00 £1.19 £6.01 £10.64 £0.00 £1.47 £6.50 £5.10 £0.00 

Cost of collection (per hh) garden 

waste 
£0.00 £0.00 £24.22 £20.38 £0.00 £0.00 £17.49 £13.02 £12.16 £11.99 £13.02 

Cost of collection (per hh) residual £22.82 £22.82 £22.82 £20.67 £15.11 £15.29 £11.82 £15.29 £15.11 £20.67 £15.29 

TOTAL COST OF COLLECTION £63.86 £57.52 £72.58 £58.81 £39.27 £53.73 £45.13 £57.58 £51.92 £54.33 £56.11 
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Cost of collection (per hh) dry £27.79 £25.38 £27.48 £25.38 £23.24 £27.48 £27.48 £25.38 £25.54 £18.15 £23.24 

Cost of Collection (per hh) food £12.26 £0.00 £0.00 £10.88 £8.48 £10.51 £3.83 £20.31 £0.00 £11.45 £1.09 

Cost of collection (per hh) garden 

waste 
£13.02 £26.42 £21.72 £26.42 £11.57 £0.00 £0.00 £0.00 £16.47 £6.08 £11.57 

Cost of collection (per hh) residual £15.29 £30.66 £25.52 £30.66 £11.15 £25.52 £25.52 £30.66 £22.82 £15.11 £11.15 

TOTAL COST OF COLLECTION £68.37 £82.46 £74.72 £93.34 £54.44 £63.51 £56.83 £76.36 £64.83 £50.79 £47.05 
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Table 80: Kerbside sort collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – current model  
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Cost of collection (per hh) dry £23.78 £23.78 £23.78 £16.10 £21.25 £29.75 £14.64 £29.75 £21.25 £16.10 £29.75 

Cost of Collection (per hh) food £15.50 £9.17 £0.00 £1.19 £6.01 £10.64 £0.00 £1.47 £6.50 £5.10 £0.00 

Cost of collection (per hh) garden 

waste 
£0.00 £0.00 £24.22 £20.38 £0.00 £0.00 £17.49 £13.02 £12.16 £11.99 £13.02 

Cost of collection (per hh) residual £22.66 £22.66 £22.66 £21.64 £19.42 £19.18 £12.32 £19.18 £19.42 £21.64 £19.18 

TOTAL COST OF COLLECTION £61.95 £55.61 £70.66 £59.31 £46.68 £59.57 £44.44 £63.42 £59.34 £54.83 £61.95 
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Cost of collection (per hh) dry £29.75 £27.23 £29.09 £27.23 £23.69 £29.09 £29.09 £27.23 £23.78 £21.25 £23.69 

Cost of Collection (per hh) food £12.26 £0.00 £0.00 £10.88 £8.48 £10.51 £3.83 £20.31 £0.00 £11.45 £1.09 

Cost of collection (per hh) garden 

waste 
£13.02 £26.42 £21.72 £26.42 £11.57 £0.00 £0.00 £0.00 £16.47 £6.08 £11.57 

Cost of collection (per hh) residual £19.18 £32.30 £31.71 £32.30 £11.19 £31.71 £31.71 £32.30 £22.66 £19.42 £11.19 

TOTAL COST OF COLLECTION £74.21 £85.95 £82.52 £96.83 £54.93 £71.31 £64.63 £79.85 £62.91 £58.20 £47.54 
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Table 81: Co-mingled collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – enhanced model  
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Cost of collection (per hh) dry and 

food waste 
£49.65 £49.65 £49.65 £31.92 £46.08 £46.08 £31.92 £46.08 £46.08 £31.92 £46.08 

Cost of collection (per hh) garden 

waste 
£12.54 £12.54 £12.54 £10.77 £14.77 £14.77 £10.77 £14.77 £14.77 £10.77 £14.77 

Cost of collection (per hh) residual £16.04 £16.04 £16.04 £14.55 £17.66 £17.66 £14.55 £17.66 £17.66 £14.55 £17.66 

TOTAL COST OF COLLECTION £78.24 £78.24 £78.24 £57.24 £78.51 £78.51 £57.24 £78.51 £78.51 £57.24 £78.51 
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Cost of collection (per hh) dry and 

food waste 
£46.08 £49.65 £46.08 £49.65 £31.92 £46.08 £46.08 £49.65 £49.65 £46.08 £31.92 

Cost of collection (per hh) garden 

waste 
£14.77 £12.54 £14.77 £12.54 £10.77 £14.77 £14.77 £12.54 £12.54 £14.77 £10.77 

Cost of collection (per hh) residual £17.66 £16.04 £17.66 £16.04 £14.55 £17.66 £17.66 £16.04 £16.04 £17.66 £14.55 

TOTAL COST OF COLLECTION £78.51 £78.24 £78.51 £78.24 £57.24 £78.51 £78.51 £78.24 £78.24 £78.51 £57.24 
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Table 82: Two-stream collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – enhanced model  

 

B
la

e
n

a
u

 

G
w

e
n

t 
C

B
C

 

B
ri

d
g

e
n

d
 

C
B

C
 

C
a

e
rp

h
il

ly
 

C
B

C
 

C
a

rd
if

f 
C

C
 

C
a

rm
a

rt
h

e
n

s

h
ir

e
 C

 C
 

C
e

re
d

ig
io

n
 C

 

C
 

C
it

y
 a

n
d

 

C
o

u
n

ty
 o

f 

S
w

a
n

s
e

a
 

C
o

n
w

y
 C

B
C

 

D
e

n
b

ig
h

s
h

ir

e
 C

C
 

F
li

n
ts

h
ir

e
 C

 C
 

G
w

y
n

e
d

d
 

C
o

u
n

c
il

 

Cost of collection (per hh) dry and 

food waste 
£58.60 £58.60 £58.60 £37.28 £51.84 £51.84 £37.28 £51.84 £51.84 £37.28 £51.84 

Cost of collection (per hh) garden 

waste 
£12.51 £12.51 £12.51 £10.74 £14.74 £14.74 £10.74 £14.74 £14.74 £10.74 £14.74 

Cost of collection (per hh) residual £16.00 £16.00 £16.00 £14.50 £17.62 £17.62 £14.50 £17.62 £17.62 £14.50 £17.62 

TOTAL COST OF COLLECTION £87.11 £87.11 £87.11 £62.52 £84.20 £84.20 £62.52 £84.20 £84.20 £62.52 £84.20 
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Cost of collection (per hh) dry and 

food waste 
£51.84 £58.60 £51.84 £58.60 £37.28 £51.84 £51.84 £58.60 £58.60 £51.84 £37.28 

Cost of collection (per hh) garden 

waste 
£14.74 £12.51 £14.74 £12.51 £10.74 £14.74 £14.74 £12.51 £12.51 £14.74 £10.74 

Cost of collection (per hh) residual £17.62 £16.00 £17.62 £16.00 £14.50 £17.62 £17.62 £16.00 £16.00 £17.62 £14.50 

TOTAL COST OF COLLECTION £84.20 £87.11 £84.20 £87.11 £62.52 £84.20 £84.20 £87.11 £87.11 £84.20 £62.52 
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Table 83: Kerbside sort collection costs modelled for individual authorities (excluding material income and MRF/depot processing costs) – enhanced model  
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Cost of collection (per hh) dry and 

food waste 
£46.14 £46.14 £46.14 £32.57 £38.63 £38.63 £32.57 £38.63 £38.63 £32.57 £38.63 

Cost of collection (per hh) garden 

waste 
£12.61 £12.61 £12.61 £10.80 £14.88 £14.88 £10.80 £14.88 £14.88 £10.80 £14.88 

Cost of collection (per hh) residual £16.56 £16.56 £16.56 £14.97 £17.80 £17.80 £14.97 £17.80 £17.80 £14.97 £17.80 

TOTAL COST OF COLLECTION £75.30 £75.30 £75.30 £58.34 £71.31 £71.31 £58.34 £71.31 £71.31 £58.34 £71.31 
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Cost of collection (per hh) dry and 

food waste 
£38.63 £46.14 £38.63 £46.14 £32.57 £38.63 £38.63 £46.14 £46.14 £38.63 £32.57 

Cost of collection (per hh) garden 

waste 
£14.88 £12.61 £14.88 £12.61 £10.80 £14.88 £14.88 £12.61 £12.61 £14.88 £10.80 

Cost of collection (per hh) residual £17.80 £16.56 £17.80 £16.56 £14.97 £17.80 £17.80 £16.56 £16.56 £17.80 £14.97 

TOTAL COST OF COLLECTION £71.31 £75.30 £71.31 £75.30 £58.34 £71.31 £71.31 £75.30 £75.30 £71.31 £58.34 



 

 

 

6.4.1 Summary of collection costs for all authorities 
 

The modelled collection costs for all passes are shown in Figure 43. The following should be noted when 

examining the results: 

 

 Collection costs do not include material income and MRF/depot processing costs, these are detailed in the 

next section of this report. 

 Collection costs do include the annualised cost of containment. This is significantly higher for two-stream and 

co-mingled systems that utilise single-use sacks. 

 Dry recycling collection costs are very similar between co-mingled and two-stream systems in the current 

model. This is due to loading times and set out rates being assumed to be the same and because, with 

captures of material being low relative to the enhanced performance scenario, vehicle payload and volume 

constraint is also a relatively insignificant factor. 

 Dry recycling costs for kerbside sort are higher than the other systems in the current model, reflecting the 

higher numbers of vehicles and collection staff required for this system. 

 When compared to the current model the refuse costs in the enhanced model are substantially lower which is 

mostly reflecting the switch by some authorities to fortnightly collections and to a lesser extent the lower 

volumes of refuse being set out. 

 Dry recycling collection costs increase with all collection systems for the enhanced models when compared to 

the current models. This is partly due to the inclusion of weekly food waste collections but is also due to 

higher levels of participation, set out and substantially higher levels of material capture. 

 In the enhanced model co-mingled collections are broadly similar to the cost of kerbside sort collections. 

However, the cost of collection in two-stream collections is higher than the other two collection systems. This 

is primarily due to productivity being reduced in the two-stream option due to capacity issues with the three-

compartment RCVs.  

Figure 43: Collection costs for all authorities (excluding material income and MRF/depot processing costs) 
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6.4.2 Summary of collection costs, processing costs and material incomes for all authorities 
 

The modelled collection costs net of material income and processing costs for all passes are shown in Figure 44. 

The following should be noted when examining the results: 

 

 collection costs in this section include processing costs at MRFs and depots and material incomes from dry 

recycling but do not include processing costs for separated food waste, garden waste and disposal costs for 

residual waste; 

 in both the current and enhanced models the additional material income and lower processing costs in the 

two-stream and kerbside sort systems result in a reversal of the cost results shown in the collection costs 

section, with kerbside sort now being the lowest net cost in both cases, followed by two-stream. 

 

Figure 44: Collection Costs Net of Material Income and Processing Costs 
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6.5 Capital expenditure 
  
For all three recycling systems, capital expenditure has been calculated and then annualised on the same basis 

for each system and included in the modelled costs. Significant capital expenditure headings are: 

 

 Collection vehicles 

 MRFs and material handling facilities at depots.  

 Household containment. 

6.5.1 Assumed vehicle capital expenditure 
 

The assumed individual vehicle costs are detailed in the collection assumptions sections of this report (Section 

6.2.3 and Section 6.2.4 for the current and enhanced performance scenarios respectively). The calculated capital 

expenditure includes the cost of finance, which for vehicles has been assumed to be 7% over 7 years. 
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Table 84: Vehicle Capital expenditure 

  Current Performance Model Enhanced Performance Model 

  
Co-

mingled 
Two-

stream 
Kerbside 

sort 
Co-mingled Two-stream 

Kerbside 
sort 

Dry recycling (& 
food in enhanced) 

£16,348k £20,891k £23,305k £43,620k £54,481k £48,546k 

Food waste 
(current) 

not calculated n/a 

Garden waste not calculated £15,462k £15,462k £15,462k 

Residual £24,744k £22,607k £25,551k £23,187k £23,186k £23,719k 

Total £41,092k £43,498k £48,856k £82,269k £93,129k £87,727k 

 

The capital expenditure required for vehicles is broadly similar between the recycling systems. The exception is 

the two-stream system in the enhanced performance scenario, which utilises the most expensive vehicles of 

those modelled and achieves relatively low productivity. There are substantially more vehicles purchased in the 

kerbside sort option, but they are significantly cheaper per unit than the vehicles required in the co-mingled and 

two-stream options. 

 

6.5.2 Assumed MRF and depot material handling capital expenditure 
 

Capital associated with handling and sorting materials at primary MRFs and kerbside sort depots is detailed in 

Table 85. In the current performance scenario, the two-stream MRFs require higher capital investment than the 

co-mingled MRFs. This investment mainly goes into higher building costs and additional in-feed lines and sorting 

cabins. In the enhanced scenario the investment profile is reversed, as the co-mingled MRFs require substantially 

more investment in sorting technologies to assist in sorting the increased container streams and to minimise the 

quantity of containers that would otherwise be lost to fibre streams. The cost of finance is included within the 

costs and is calculated at 7% over 10 years. 

 

Table 85: MRF and material handling at kerbside sort depots 

  Current Performance 

  
Co-mingled 

85ktpa 
Co-mingled 

10ktpa 
Two-stream 

85ktpa 
Two-stream 

10ktpa 

Kerbside sort 
material 
handling 

Unit capital 
expenditure 

£8,856k £1,605k £8,433k £2,066k £735k 

No. of units 2 7 2 7 22 

Total £17,713k £11,235k £16,865k £14,463k £16,160k 

Total for collection 
system 

£28,947k £31,328k £16,160k 

  Enhanced Performance 

  
Co-mingled 

85ktpa 

Co-mingled 

12ktpa 

Two-stream 

85ktpa 

Two-stream 

12ktpa 

Kerbside sort 

material 

handling 

Unit capital 
expenditure 

£9,350k £2,820k £8,433k £2,066k £735k 

No. of units 3 9 3 9 22 

Total £28,051k £25,382k £25,298k £18,596k £16,160k 

Total for collection 
system 

£53,432k £43,893k £16,160k 
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6.5.3 Dry recycling containment capital expenditure 
 

It is arguable as to whether containment should be classified as a capital item in all cases. The co-mingled 

systems and two-stream systems all utilise single-use sacks and therefore have no capital requirement. In the 

collection model these items are treated as revenue costs. The kerbside sort system utilises reusable sacks and 

boxes. The total expenditure for these items is detailed in Table 86. The collection model annualises these costs. 

When annualised, the containment cost in kerbside sort systems is lower than in co-mingled or two-stream 

systems. The containment cost calculations do not include any allowance for the cost of finance. 

 

Table 86: Kerbside sort containment costs 

  Current Performance Enhanced Performance 

Total £9,915k £17,951k 

 
6.5.4 Total capital expenditure  
 

The total capital expenditure required for each system is detailed in Table 87. Capital expenditure requirements in 

the current performance model are broadly similar between systems, with co-mingled being the cheapest. In the 

enhanced performance model kerbside sort systems have the lowest capital expenditure requirement, with two-

stream and co-mingled systems requiring a broadly similar amount of investment. 

 

Table 87: Total capital expenditure 

 Current Performance Model Enhanced Performance Model 

 Co-mingled Two-stream Kerbside sort Co-mingled Two-stream Kerbside sort 

Vehicles (dry recycling 

and food* only) 
£16,348k £20,891k £23,305k £43,620k £54,481k £48,546k 

MRFs and depots £28,947k £31,328k £16,160k £53,432k £43,893k £16,160k 

Containment £0k £0k £9,915k £0k £0k £17,951k 

Total £45,295k £52,219k £49,380k £97,053k £98,374k £82,657k 

Notes: 

*food collection capital is only modelled for the enhanced model 

 
6.6 Transitional costs  
 

A variety of costs would be incurred by any authority in changing from one collection system to another, and 

transitional costs would also be incurred by an authority in adapting their current dry recycling collection system 

to move from current performance to the performance modelled in the enhanced option. Estimates of these costs 

have not been reported in the main report of this study, but in order to add further detail to the potential 

implications of a Wales-wide switch to one collection system, some high-level analysis and discussion is presented 

below. Cost headings that we have considered as being associated with a switch from one system to another 

include: 

 

 vehicle purchase; 

 building new bulking and sorting infrastructure; 

 decommissioning old bulking and sorting infrastructure; 

 new container purchase and delivery to households; 

 collection of old containment (if collected); and 

 communication with the service users. 

 

Each cost heading is examined in the following sections. 
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6.6.1 Vehicle purchase 
 

The total capital expenditure relating to vehicle purchase is detailed in 6.5.1. If an authority were to switch from 

one collection system to another before the existing fleet has reached the end of the write down period, then the 

authority would probably incur a cost relating to the revenue gained from the sale of surplus vehicles balanced 

against the net book value at that time (which in most cases will be higher). Without details of each authority’s 

existing fleet it is not possible to estimate this figure. However, it is likely that if an authority were to make a 

switch between systems, this would be timed towards the end of the life of the existing fleet or where a good 

invest-to-save business case has been established. 

 

6.6.2 Building new bulking and sorting infrastructure 
 

There is approximately 115ktpa of MRF capacity in Wales that is currently utilised for municipal dry recycling from 

co-mingled and two-stream systems. This may equate to a capital investment in existing capacity of between 

£105 per tonne and £125 per annual tonne or £12 to £14 million pounds. This equates to half the capital 

investment needed in the current performance model. In the current performance model it is logical that existing 

facilities can deal with existing throughputs, though not necessarily at the same processing cost. However, in 

terms of additional capital expenditure for systems converting to co-mingled systems, it is possible that the 

capital expenditure required for transition would be close to half the total capital expenditure modelled for the 

system, i.e. £12 to £14 million. The same is not true of two-stream systems in the current performance scenario, 

as we are not aware of any true two-stream MRFs in Wales and therefore the transitional costs are likely to be 

much closer to the total capital expenditure modelled for two-stream systems, at around £20 to £25 million. 

 

The transitional costs for co-mingled and two-stream MRFs become more uncertain when considering the 

enhanced model. In this scenario the composition and density of the dry recycling stream changes and in many 

cases additional materials are targeted. To efficiently deal with the new material steams, existing facilities would 

require some degree of retro-fitting. The exact cost of these works would be specific to the existing design of the 

facility and is therefore difficult to calculate within the context of this study. However, it would seem reasonable 

to assume that up to half of the existing capital expenditure could be spent on the ‘enhanced’ facilities that deal 

with co-mingled material, which would result in a transitional MRF capital cost in the order of £45 million. 

 

The MRF strategy modelled is based on the bulking and transfer of co-mingled and two-stream material from a 

number of urban and valleys authorities to the larger MRFs. The total annualised cost of this has been estimated 

to be £800k in the current performance model and £1.3 million in the enhanced performance model. The capital 

cost of the WTS infrastructure would be in the order of £2 million in the current performance model and £3.2 

million in the enhanced performance model.  
 

There are currently around 79ktpa of materials collected by kerbside sort systems and depot and bulking facilities 

therefore already exist to handle this material. However, the facilities may not be sufficient to realise the sort of 

material values that have been detailed in the financial modelling. The 79ktpa also only represents around 41% 

of the capacity needed in the current performance kerbside sort infrastructure; therefore the transitional costs of 

kerbside sort material handling and sorting may be something in the order of 59% of the model total capital 

expenditure which equates to approximately £9.5 million. 

 

As with co-mingled and two-stream systems, the transitional costs for kerbside sort systems in the enhanced 

performance scenario are more difficult to assess. Similar to co-mingled systems, it is unlikely that all the existing 

kerbside sort depots would be configured for all the target materials and able to sort mixed plastics and cans as 

required in the enhanced model. Transitional costs in this scenario are therefore likely to be much closer to the 

full capital costs of £16 million. 

 

6.6.3 Decommissioning old bulking and sorting infrastructure 
 

It is difficult to assess the potential decommissioning costs of facilities as they will be quite specific to individual 

circumstances. In some circumstances, buildings, hard standing and some equipment like balers, overband 

magnets etc. may be suitable for reuse at the facility. Other equipment may have a re-sale value. As a broad 

estimate we suggest that 10% of the capital investment required to build similar facilities may be adequate as a 

budget for decommissioning. 
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6.6.4 Containment 
 

All the co-mingled and two-stream versions of the model are based on sack collections; therefore the transitional 

containment costs are a revenue budget item and are dealt with in the cost modelling. The kerbside sort system 

has a transitional cost of containment. There are a number of authorities currently delivering kerbside sort 

systems that are likely to have some or the majority of containment necessary to deliver the future options. In 

the current performance model it is reasonable to assume that it is only non-kerbside sort authorities that would 

experience a transitional cost of containment in the kerbside sort scenario. This estimated transitional cost is 

detailed in Table 88. The cost modelling has not included containment delivery; therefore the total transitional 

capital expenditure is likely to be in the order of £7.5 million. In the enhanced performance scenario, existing 

kerbside sort authorities are also likely to require additional containment. We have assumed that they would 

require 50% of the modelled total capital expenditure of the system. Adding this to the overall calculation results 

in a transitional capital expenditure for the enhanced performance scenario of around £10 million.  

 

In all systems there is an assumption that authorities would switch their residual frequency to fortnightly and use 

wheeled bins (where they are not already doing so) in the enhanced model. We have not calculated the number 

of households in Wales that currently receive residual wheeled bin collections and therefore it is not possible to 

calculate the transitional cost of this containment. 

 

Table 88: Kerbside sort transitional containment costs 

  Current Performance Enhanced Performance 

Total modelled capital expenditure £9,915k £17,951k 

Estimated transitional capital expenditure £6,138k £8,488k 

Delivery costs £1,228k £1,698k 

 

In addition to the capital expenditure required to purchase and deliver containers there would also, in some 

circumstances, be a cost in collecting redundant containers. In most cases authorities converting from box 

schemes could notify householders that they may use the box for other uses than waste collection, therefore 

minimising the costs associated with collecting redundant boxes. When converting from co-mingled or two-

stream, the only containment collection and disposal cost that is likely to apply would be the collection of 

unwanted wheeled bins. The cost in that instance may be in the order of £1.50 to £2 per household. Only a few 

authorities in Wales currently collect dry recycling in this way, with Caerphilly and Denbighshire being the only 

authorities that do so as far as we are aware. This may therefore equate to approximately 112,000 redundant dry 

recycling wheeled bins resulting in a transitional cost of between £170k and £225k. 

 

6.6.5 Communicating the new system 
 

In any significant change to the existing system, a communication campaign will be required to ensure that 

residents understand how to engage with the new system. The only recent example of which we are aware 

where there has been a switch from a co-mingled system to a kerbside sort system had a relatively large 

communication budget, and this appeared to be necessary to ensure that householders understood why they 

were required to sort their waste. It could therefore be argued that you would need a larger communication 

budget if switching to kerbside sort than if switching to a co-mingled or two-stream system. Similarly, to reduce 

cross-contamination between streams in a two-stream system you would probably need a higher budget than for 

the co-mingled system, but not quite as high as for the kerbside sort system. It is important to note that in many 

cases a system change would not only result in a change to dry recycling services but also to refuse and organic 

services. In general, the communication of these switches would all be included in the same program if they were 

to happen at the same time. It is also important to note that in the enhanced performance model a significant 

level of behavioural change would be required by householders; even if an authority did not change its dry 

recycling system, additional materials would need to be targeted in the enhanced performance model. The costs 

of communications related to behavioural change have not been estimated here. We would suggest a reasonable 

budget for a switch to co-mingled for an average-sized authority in Wales (66,000 households) would be around 

£2.50 per household and a switch to kerbside sort would for the same size authority would be higher at £4 per 

household. A switch to two-stream may be somewhere in between at around £3.25 per household. These values 

would result in the transitional costs noted in Table 89. 



 

 

 

Table 89: Transitional communications costs 

  Current Performance Model Enhanced Performance Model 

  Co-mingled Two-stream Kerbside sort Co-mingled Two-stream Kerbside sort 

Households 

switching 
547k 1,349k £803k 547k 1,349k 803k 

Cost per 

household 
£2.00 £3.75 £4.00 £2.00 £3.75 £4.00 

Total 

communications 

transition costs 

£1,094k £5,060k £3,210k £1,094k £5,060k £3,210k 

 

6.6.6 Summary of transitional costs 
 

The total estimates for transitional costs are summarised in Table 90. 

 

Table 90: Summary of estimated transitional costs 

  Current Performance Model Enhanced Performance Model 

  Co-mingled Two-stream Kerbside sort Co-mingled Two-stream Kerbside sort 

Vehicles (dry 

recycling and food 

only) 

£16,348k £20,891k £23,305k £43,620k £54,481k £48,546k 

MRFs and depots £13,871k £15,012k £9,534k £45,418k £37,309k £13,736k 

MRFs and depots 

decommissioning* 
£953k £953k £1,387k £953k £953k £1,387k 

Containment 

purchase and 

distribution^ 

£0k £0k £7,366k £0k £0k £2,228k 

Redundant 

containment 

collection* 

£0k £200k £200k £0k £200k £200k 

Communications* £1,094k £5,060k £3,210k £1,094k £5,060k £3,210k 

Total £32,266k £42,116k £45,002k £91,085k £98,004k £69,307k 

Notes: 

* Not included in the cost benefit analysis 

^ Only purchase included in cost benefit analysis 

 

 

6.7 Environmental modelling 
 

This section describes the approach that has been undertaken to the environmental modelling associated with the 

material flows generated in both the current and enhanced performance scenarios across Wales.  

 

6.7.1 Monetisation of pollutants 
 

This section describes the assumptions that have been made in determining the external costs associated with 

pollutant emissions for the Wales-wide modelling.  
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Greenhouse gas emissions 

We applied the approach detailed in the latest guidance from DECC on the valuation of carbon in policy 

appraisal18. Under this new approach, the precise valuation methodology differs according to the specific policy 

question being addressed: 

 

 for appraising policies that reduce/increase emissions in sectors covered by the EU Emissions Trading System 

(ETS), and in the future other trading schemes, a ‘traded price of carbon’ will be used. This will be based on 

estimates of the future price of EU Allowances (EUAs) and, in the longer term, estimates of future global 

carbon market prices; 

 for appraising policies that reduce/increase emissions in sectors not covered by the EU ETS (the ‘non-Traded 

Sector’), the ‘non-traded price of carbon’ will be used, based on estimates of the marginal abatement cost 

(MAC) required to meet a specific emission reduction target; and 

 in the longer term (2030 onwards) consistent with the development of a more comprehensive global carbon 

market, the traded and non-traded prices of carbon converge into a single traded price of carbon. 

The values used are shown in Table 91. The traded price is applied to:  

 

 impacts resulting from electricity generation – including both emissions from electricity use at waste treatment 

facilities as well as the offset emissions resulting from electricity generation and incineration facilities; and 

 the emissions offsets associated with recycling – as these relate to manufacturing industries based both in the 

UK and overseas19.  

 

Table 91: Valuation of climate change impacts – UK Government Methodology (June 2010) 

Description 
Impact, £ per tonne CO2 

Current (2010) Enhanced (2020) 

Traded 

Emissions covered by the EU-ETS – principally 

electricity generation and large industrial facilities. Also 

includes overseas manufacturing and reprocessing 

facilities (i.e. including the benefits from recycling)1 

 

£14 

 

£16 

Non-traded All other emissions £52 £59 

Notes 

1. This aspect of the methodology differs from earlier versions of the guidance where benefits from recycling 

were monetised using the shadow price of carbon (valued in 2009 at £28). 

Source: DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change Economics, 

Department of Energy and Climate Change, July 2009 

 

The non-traded price is applied to all other climate change related impacts, including: 

 

 methane emissions from landfill; 

 emissions associated with the use of diesel; 

 emissions resulting from the combustion of waste in incineration facilities; and 

                                                      

18
 DECC and HM Treasury (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and Evaluation, January 

2010, available from http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx. 

19 Previously the methodology indicated that impacts associated with overseas emissions should be charged at a third price, 
based on the former Shadow price of carbon. However this has been modified for the latest version of the guidance which was 
published in June 2010. 

http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx
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 Biogenic emissions resulting from the treatment of source separated organic material where these are 

included in the analysis. 

Non greenhouse gas emissions 

We have considered the impacts upon air quality that are expected to result from the treatment processes, 

including both direct and indirect impacts (the latter relating to avoided impacts associated with energy 

generation and the recycling of materials).  

 

Our approach was to apply external damage costs to emissions of a range of air pollutants, allowing for the 

quantification of impacts in monetary terms.  

 

The analysis that follows is focussed upon emissions to air. Whilst waste treatment processes may also in some 

cases affect soil and water quality, data regarding the precise nature of these impacts is less robust. Similarly, we 

have not included damage costs associated with disamenity of waste treatment facilities, as estimates of 

disamenity costs vary considerably between the different sources, and are not yet available for processes other 

than incineration and landfill. 

 

The damage costs used to value the air pollution impacts are based on those developed by the Clean Air for 

Europe Programme. The costs used are shown in Table 92. The UK’s Interdepartmental Group on Costs and 

Benefits (IGCB) has developed its own methodology for the valuation of air quality impacts, and the data from 

this group is often used in this type of analysis when undertaken on behalf of UK Government. However we have 

chosen to use the higher European values for the following reasons: 

 

 the IGCB dataset excludes the impact of pollution originating in the UK on other European countries; 

 the IGCB methodology only provides damage cost data for NOx, SOx, PM, VOCs and NH3, whereas the 

European data also includes damage cost estimates for heavy metals, CO and dioxin; and 

 the IGCB dataset does not include any valuation for oceanic pollution. 

 

Table 92: Valuation of air quality impacts 

 

Air quality impacts, £ per tonne of pollutant 

Emissions originating in Wales 
Emissions occurring during overseas 

transportation 

Ammonia (NH3) £49,628  

Volatile Organic Compounds (VOCs) £3,176 £900 

Particulate Matter (PM10) £109,181 £9,400 

Sulphur Oxides (SOx) £18,859 £4,300 

Nitrous Oxides (NOx) £9,926 £900 

Carbon Monoxide (CO) £2  

Cadmium (Cd) £54,591  

Chromium (Cr) £43,672  

Mercury (Hg) £5,955,335  

Nickel (Ni) £5,261  

Lead (Pb) £595,533  

Dioxin £36,724,565,757  
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6.7.2 Biogenic CO2 emissions 
 

A key issue in the assessment of GHG emissions from waste treatment technologies is whether or not non-fossil 

CO2 (otherwise known as biogenic CO2) should be included.  

 

Under international GHG accounting methods developed by the Intergovernmental Panel on Climate Change 

(IPCC), non-fossil CO2 is considered to be part of the natural carbon balance and therefore not a contributor to 

atmospheric concentrations of CO2
20

. National inventories deal with changes in fluxes of non-fossil CO2 through 

accounting for changes in land use and the ability of land to act as a sink or source of CO2. The rationale behind 

the IPCC’s decision is that non-fossil carbon was originally removed from the atmosphere via photosynthesis, and 

under natural conditions, it would eventually cycle back to the atmosphere as CO2 due to degradation processes. 

Climate change, however, is attributed to anthropogenic emissions, which impact the natural carbon cycle.  

The crucial point here is that for the purposes of IPCC reporting, non-fossil CO2 from incineration and thermal 

treatment of waste is effectively not reported – an approach also recommended by the French waste 

management industry21. Although it could be argued that this convention of ignoring non-fossil CO2 is appropriate 

within the inventory context, it has perhaps erroneously been applied to comparative assessments between waste 

management processes. 

 

The need to include biogenic CO2 has been recognised for a number of years by some of those involved in life-

cycle assessments, such as Finnveden et al22. Others have more recently similarly taken the view that the 

biogenic CO2 emissions should be included when accounting for the climate change impacts of biomass energy 

generation and waste management facilities23. The issue was also discussed at the first conference for users of 

the Environment Agency’s life cycle tool WRATE held in November 2009, during which it was confirmed that the 

inclusion of biogenic CO2 emissions within the calculation of the Global Warming Potential would be considered in 

future versions of the tool. 

 

The current study therefore presents the results inclusive of the biogenic CO2 emissions as a sensitivity analysis. 

We believe the inclusion of these emissions provides a more accurate analysis of the climate change impact. We 

have chosen to exclude these emissions in the central case in order to allow the results of the assessment to be 

viewed in the context of both the majority of literature published in this field, and in the wider policy 

environment.  

 

6.7.3 Energy 
 

This section details the key assumptions that have been made regarding energy consumption and avoided 

emissions resulting from generating energy from waste.  

 

Electricity 

The carbon intensity of an energy source is the quantity of GHG emissions associated with generating the energy. 

Where emissions are avoided as a result of generating energy from waste, or where energy is used by a process, 

assumptions regarding which source of energy is considered to have been avoided, or utilised, are important in 

determining the overall GHG benefit associated with power generation. 

 

With a growing demand for electricity (unfortunately, most would add), where new facilities are being built to 

generate energy, and where these operate more or less continuously, it seems reasonable to argue that the 

avoided source of generation is the source, or mix of sources, deemed most likely to have been built in the 

                                                      
20 Intergovernmental Panel on Climate Change (1997) Greenhouse Gas Inventory Reference Manual: Revised 1996 IPCC 

Guidelines for National Greenhouse Gas Inventories, Vol. 3, Pg. 6.28 

21 L’Entreprises pour L’Environnement, Protocol for the quantification of greenhouse gas emissions from waste management 

activities, September 2006, Nanterre, France 

22 G. Finnveden, J. Johansson, P. Lind and A. Moberg (2000) Life Cycle Assessments of Energy from Solid Waste, FMS: 
Stockholm 

23 See, for example: Rabl A (2007) How to Account for CO2 Emissions from Biomass in an LCA, International Journal of Life 

Cycle Assessment, 12, pp281; Searchinger D, Hamburg S, Melilo J, Chameides W, Havlik P, Kannen D, Likens G, Lubowski R, 
Obersteiner M, Oppenheimer M, Robertson G, Schlesinger W and Tilman D (2009) Fixing a Critical Climate Accounting Error, 
Science, 326, pp527-528 
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absence of capacity arising through energy from waste infrastructure. Across the UK at present, this might be a 

mix of sources, including gas, renewables such as wind, nuclear, and some coal, though possibly equipped with 

some element of carbon capture and storage.  

 

Defra has suggested that for the purposes of policy evaluation, the marginal source of electricity should be taken 

to be CCGT gas plant, representing the trend in terms of recently commissioned power generation technology24. 

This was the assumption used in the Impact Assessment of the Waste Strategy for England 2007. Other guidance 

documents indicate the use of higher marginal values25. However, for the purposes of policy evaluation, as 

indicated above, a lower value is more realistic given the clear need for the marginal value to decrease over time 

to meet carbon reduction commitments. The carbon intensity figure used within the current analysis is based 

around electricity generated by a modern CCGT power station. We have assumed an efficiency of generation of 

55% (the levels achieved by modern power stations today), and assumed natural gas has a calorific value of 

39MJ/m3. The carbon intensity associated with electricity generation in this form is 0.330kg CO2 equivalent per 

kWh from the process itself with some 0.057kg CO2 equivalent per kWh from the pre-combustion process, giving 

a total of 0.387kg CO2 equivalent per kWh. Natural gas is a relatively clean fuel by the standards of fossil fuels 

and when combusted at CCGT plant, results in negligible emissions of particulates and SO2. The principal 

emissions to air associated with the generation of electricity using CCGT, other than carbon dioxide, are therefore 

emissions of NOx. However some pre-combustion emissions also occur associated with extraction of the gas and 

this leads to emissions of SOx and NMVOC. 

 

The European Commission Reference Document for large combustion plant suggests a range of NOx emissions of 

10-130g/GJ electrical output depending on the size of the plant and the abatement technique employed26. 

Measures taken to reduce NOx emissions are less effective at the higher generation efficiencies. The lower end of 

the range reflects measurements taken at a relatively small (100MWe) facility using selective catalytic reduction 

(SCR) to reduce NOx emissions. The current study uses the emissions factors for electricity generation at the best 

performing CCGT given by the ecoinvent database. These are shown in Table 93. 

 

Table 93: Emissions factors for electricity generation (CCGT) including pre-combustion emissions 

Pollutant NMVOC NOx SOx PM2.5 

Emission, g / kWh 0.27 0.72 0.22 0.01 

Notes 

The NOx emission is equivalent to 91g/GJ 

Source: ecoinvent (2004) ecoinvent Data v1.1, Final Reports ecoinvent 2000, No. 1-15, Swiss Centre for Life 
Cycle Inventories, Dubendorf, 2004 

 

Heat 

The carbon intensity of heat generation was estimated from the calorific value of natural gas of 39MJ/m3. 

Emissions are 0.258kg CO2 equivalent per kWh of heat energy generated, taking into account the efficiency of 

heat generation (assumed to be 90%) and the pre-combustion emissions as was the case with the electricity 

emissions figure.  

 

Air quality impacts associated with the combustion of gas for heating purposes are taken from the ecoinvent 

database. These emissions factors are presented in Table 94. 

 

Table 94: Emissions factors for heat generation using gas including pre-combustion emissions 

Pollutant NMVOC NOx SOx PM2.5 

Emission, g/MJ 0.036 0.045 0.032 0.002 

Source: ecoinvent (2004) ecoinvent Data v1.1, Final Reports ecoinvent 2000, No. 1-15, Swiss Centre for Life 
Cycle Inventories, Dubendorf, 2004 

                                                      
24 Defra (2006) Greenhouse Gas Policy Evaluation and Appraisal in Government Departments, April 2006 

25 Defra (2008) Guidelines to Defra’s GHG Conversion Factors, Annexes updated April 2008. See 
http://www.defra.gov.uk/environment/business/reporting/pdf/ghg-cf-guidelines-annexes2008.pdf  

26 European Commission (2006) Integrated Pollution Prevention and Control: Reference Document on Best Available Techniques 
for Large Combustion Plant, July 2006 

http://www.defra.gov.uk/environment/business/reporting/pdf/ghg-cf-guidelines-annexes2008.pdf
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Diesel 

We have used a figure of 3.26kg CO2 equivalent per litre of diesel (including 0.46kg CO2 equivalent pre-

combustion emissions).  

 

Air quality impacts associated with the combustion of diesel in waste management facilities are taken from the 

ecoinvent database. These emissions factors are presented in Table 95. 

 

Table 95: Emissions factors for diesel combustion including pre-combustion emissions 

Pollutant NMVOC NOx SOx PM2.5 

Emission, g/litre 26 105 5 2 

Source: ecoinvent (2004) ecoinvent Data v1.1, Final Reports ecoinvent 2000, No. 1-15, Swiss Centre for Life 
Cycle Inventories, Dubendorf, 2004 

 

6.7.4 Benefits resulting from recycling 
 

We have restricted our analysis of the benefits associated with recycling to the climate change impacts. Both the 

primary manufacture of materials and the reprocessing of the recyclate will in many cases occur outside of Wales, 

and will therefore not directly affect Welsh air quality. As such we have excluded avoided air quality impacts.  

 

For the most part we have used data from WRATE to estimate the climate change impacts associated with 

recycling, as shown in Table 96. The WRATE dataset includes the biogenic CO2 emissions associated with paper 

recycling – these are included as an information item in the inventory of the software tool, although they are not 

used in the calculation of the global warming potential of waste treatment scenarios within WRATE. 

 

Table 96: Climate change benefits of recycling 

 

Material 

Avoided climate change 

impacts through recycling 

(tonne CO2 equivalent per 

tonne of recyclate) 
 

Original source of data 

Fossil CO2 

emissions 

Biogenic CO2 

emissions 

Newsprint -0.338 -0.344 ecoinvent 

Packaging -0.062 -1.215 ecoinvent 

Glass (closed loop) -0.169  British Glass 

Glass (open loop) -0.021  RMC Aggregates 

Steel -1.623  ecoinvent 

Aluminium -10.721  ecoinvent 

Plastic bottles -1.150  Association of Plastics Manufacturers in Europe 

Mixed plastics -1.040  Association of Plastics Manufacturers in Europe 

Plastic film1 -0.482  British Polythene Industries PLC 

Textiles2 -2.812  Prognos / Ifeu 

Notes 

1. The value used in our model is 75% of that used within WRATE to account for the additional 

contamination that is expected given the source of the material. 

2. We have used a lower value for the benefits associated with recycling textiles than is used in WRATE as 

the WRATE value assumes a relatively large proportion of the material is reused. This is discussed in 

more detail in Section 6.7.4.6. 
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The WRATE dataset was similarly used in the recent ERM study for WAG that investigated the environmental 

benefits of kerbside recycling (as was reviewed earlier in this study). However it is acknowledged here that 

considerable uncertainty surrounds the calculation of these benefits. In the sections that follow we present data 

from other literature sources in order to place the use of these values within the context of the wider literature on 

the subject.  

 

6.7.4.1 Paper 
 

Paper is typically the material recycled in the largest quantities, and as such the value attributed to paper 

recycling is of particular significance in this type of analysis. It will be seen, however, that there is considerable 

variation in the literature with regard to the benefit attributed to recycling the different types of paper products.  

 

Although many paper re-processors such as UPM have collated data on the energy use associated with their 

paper manufacturing processes, there remains a relative lack of recent datasets that can be used to calculate the 

benefits of paper recycling. UPM uses recycled fibre in most of its products, and thus the company has only 

limited data relating to the counterfactual (i.e. the manufacture of paper from virgin raw materials). 

 

Paper manufacturers and re-processors have in many cases made significant attempts in recent years to reduce 

their energy consumption in line with many other industrial processes. The extent to which data from older 

studies is representative of older facilities – such as those cited in the subsequent sections of this study – is 

therefore unclear.  

 

Evidence from Phase 2 of our study confirms that paper and board collected for recycling in Wales are typically 

reprocessed into newsprint or packaging products. These two products are associated with two very different 

manufacturing processes (discussed below). We also provide a brief review of the literature surrounding the 

benefits of paper recycling and consider the impact of paper recycling upon carbon stocks in trees in this section. 

 

Paper and board manufacturing processes 

Emissions savings are dependent on the type of virgin fibre manufacturing process that is substituted by the 

inclusion of the recycled fibre.  

 

There are two broad groups of virgin paper manufacture processes:  

 

 chemical pulping processes: This involves the removal of lignin from the wood. The process preserves fibre 

length which results in the manufacture of a stronger product. The removal of the lignin results in a lower 

yield of paper such that only 40-50% of the original wood is subsequently converted into useable fibre; as 

such the process is a relatively expensive one. However, typically most of the significant quantities of heat 

and electrical energy needed for the virgin manufacturing process can be supplied through the use of steam 

produced during the combustion of the lignin removed during the pulping. This type of process is typically 

used to manufacture cardboard (usually made up of three layers of very strong brown ‘kraft’ paper) and other 

packaging materials, and in the manufacture of other high quality paper products; and 

 mechanical pulping processes: In this case the lignin is not removed, so the fibre yield is very high. As such 

the manufacturing process is relatively cheap, despite the requirement for significant quantities of electrical 

energy – energy which is more likely to be supplied by an external, fossil fuel-based source than is the case in 

the chemical pulping process. However, the retention of the lignin results in a weaker product with less tensile 

strength that has a tendency to become yellowed and brittle over time. Newspaper is typically manufactured 

using mechanical pulping processes, as is the paper used in mass-market book manufacture. 

Whilst relatively little fossil electricity is typically used for the manufacture of virgin cardboard, requirements may 

be greater where board is reprocessed from collected recyclate. As such, the benefits associated with the 

recycling of fibre into packaging products are typically reduced in comparison to those of reprocessing fibre into 

newsprint. 

 

MRFs often produce a product known as soft mixed paper, which consists of a high concentration of newspapers 

and magazines or other papers of relatively short fibre length, but also a significant component of paperboard 
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packaging waste. This material is more likely to be used in the manufacturing of packaging products, resulting in 

lower avoided climate change impacts than is the case where the recycled fibre is used in the manufacture of 

newsprint and where the biogenic CO2 emissions are excluded from the analysis. However, where biogenic CO2 

emissions are included, emissions savings through the recycling of fibre into packaging materials are much 

greater than those achieved through the recycling of fibre into newsprint. 

 

Other values from the literature 

The majority of the literature sources that consider the benefits associated with recycling paper do not separately 

identify changes in emissions of biogenic CO2 that occur as a result of paper and cardboard recycling. However, 

as was indicated above, WRATE includes these emissions as an information item in the full emissions inventory 

although the amounts are not included in the calculation of the GWP impact of recycling paper products. 

 

Table 96 confirms that WRATE’s figure for the benefits associated with recycling fibre into newsprint is 0.338 

tonne CO2 equivalent per tonne of paper. The value is taken from ecoinvent – and the calculation uses, in respect 

of the amount of energy required for the manufacture of both products, the average across European newsprint 

producers. Documentation produced with WRATE indicates that the data has not been updated in the most 

recent revision of the software, and much of the data regarding the energy consumption of the manufacturing 

processes dates back from early 2000, although it is assumed that the mix of fuels used for electricity generation 

is that of the European average in 2006.  

 

Statistics produced by the Forestry Commission in 2006 indicate that over 60% of the UK’s implied consumption 

of primary pulp and paper products was supplied by imports, nearly 60% of which came from Germany, Finland 

and Sweden combined27. Approximately 12% of imported paper came from outside Europe, and was transported 

from North America and China. More recent import data provided by HM Revenue & Customs (HMRC) through 

the UK Trade Info database suggests that this was still the case in 200828. Data from WRAP in 2007 suggested 

that across the whole of the UK only 50% of recovered paper was reprocessed within this country, with much of 

the material that was reprocessed outside of the country being sent to China29. Data from our six case study 

authorities in Wales suggests that a far greater proportion of their paper products are reprocessed in the UK at 

this point in time. However, data from the rest of Wales is not available, and the future impact on reprocessing 

patterns associated with a significant increase in the total amount of recycling is difficult to predict. 

 

The use of a pan European dataset might, therefore, be expected to overstate the benefit associated with 

recycling if increasing quantities of the recyclate were to be sent to China for reprocessing (where the 

predominant energy source for electricity generation is coal). Otherwise, however, the use of such data appears 

broadly reasonable. 

 

Table 97 confirms benefits associated with recycling newsprint from a number of other literature sources. The 

Table includes a number of studies cited by WRAP in its 2006 review of the literature concerning the benefits 

associated with recycling30. These studies include impacts associated with the avoided disposal of the recyclate. 

Where landfill is concerned this would be expected to significantly increase the calculated benefit; where the 

avoided disposal route is incineration with energy recovery, a decrease in the benefit is anticipated.  

 

The Table confirms data for the most part is more than 10 years old – with that from the AEA and Ecobalance 

studies being more than 15 years old. Of those studies that exclude the avoided disposal benefits, all show a 

greater benefit than that indicated in WRATE. The data from the AEA study and that of Grant, however, both 

assume an energy mix that is far greater in its reliance upon coal than the ecoinvent dataset, and this would be 

expected to increase the benefits associated with newsprint recycling. However the US energy mix in 2002 – with 

its mix of coal, nuclear and hydro-electricity – would be broadly comparable to that of Europe in 2006, suggesting 

that the benefits associated with newsprint recycling might in some cases be greater than those indicated by the 

                                                      
27 Forestry Commission (2006) Forestry Statistics 2006: Imports, Exports and Apparent Consumption of Wood Products 

28 Available from https://www.uktradeinfo.com/index.cfm?&hasFlashPlayer=true  

29 WRAP (2007) Realising the Value of Recovered Paper: Market Situation Report – July 2007; WRAP (2009) The Downturn in 
Markets for Recyclable Materials, APSRG 11 February 2009 

30 WRAP has since produced an update to this study. The more recent version however only provides a relative comparison 
between the virgin and recycling manufacturing systems (in terms of the proportion of emissions saved), and thus is of limited 
use in the current analysis. 

https://www.uktradeinfo.com/index.cfm?&hasFlashPlayer=true
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ecoinvent dataset. This is also implied by the Dalager data, which gives benefits including the avoided disposal 

through incineration (which would be expected to decrease the overall benefits where biogenic CO2 emissions are 

excluded) that are much higher than those indicated by ecoinvent. In the case of the latter, however, it is not 

clear how much of the electricity generation is assumed to come from coal. 

 

The data presented in Table 97 confirms the considerable uncertainty in the datasets used to estimate benefits 

associated with newsprint recycling. The ecoinvent data suggests lower benefits than those of the US EPA study, 

which appears to be the most comparable dataset of those presented in the Table. However, it is considered that 

over time the benefits associated with recycling most products will probably decrease, as both virgin and 

recycling manufacturing processes improve in energy efficiency, and as electricity generation in Europe is 

gradually decarbonised. Furthermore, as was indicated above, where paper is sent to China for reprocessing (and 

where primary production is based in Europe), the associated benefits with recycling newsprint might be 

expected to be less given the continued reliance on coal for electricity generation in China for the foreseeable 

future. The use of the ecoinvent dataset is therefore felt to be reasonable, given the above uncertainties, and the 

anticipated future trends. 

 

Table 97: Selected Values – Benefits of Recycling Newsprint 

Cited source Data source origin 

Climate 

change 

benefits 

t CO2eq. / t  

Includes avoided 

disposal impacts? 

Electricity 

source(s) 

AEA 2001 Swedish study 0.63 No EU mix 1996 

US EPA 2002 / 6 US EPA  0.77 No US mix 2002 

WRAP 2006 

Grant et al 2001 1.2 - 1.8 No 85% coal 

Dalager et al 1995 1.7 
Yes (incineration 

with heat recovery) 

Fossil (mix not 

stated) 

Paper Task Force 2002 2.5 Yes (landfill) US mix 2002? 

Ecobalance UK 1998 -0.26 Yes (incineration) 

Wood for primary 

production; UK grid 

(1990s) for 

recovered paper 

Kama et al 1994/5 -1.0 Yes (incineration) Not stated 

Notes 

1 Negative numbers in this Table equate to a contribution to climate change (as opposed to a benefit from 

recycling). In the studies cited above this results from the inclusion of the avoided disposal benefits 

associated with incineration which reduces the overall benefit associated with recycling. 

2 The US energy mix in 2002 comprised of 55% coal and 29% nuclear / hydro-electricity, making it broadly 

comparable to the European mix of 2006 in terms of its carbon intensity. 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions 
and Sinks, May 2002; WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons for 
Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006; Grant et al (2001) LCA of Paper and Packaging 
Waste Management Scenarios in Victoria, Report for EcoCycle Victoria; Paper Task Force (2002) Life cycle Environmental 
Comparison: Virgin Paper and Recycling Paper Based Systems, White Paper No. 3  

 

Where the fibre is reprocessed into cardboard packaging, WRATE attributes a much lower benefit – of 0.062 

tonnes CO2 equivalent per tonne of waste cardboard – to the recycling process where biogenic CO2 emissions are 

excluded. Benefits are, however, far greater where the biogenic CO2 emissions are included, for the reasons 

outlined in Section 6.7.2. In this case, documentation provided with WRATE confirms that the most recent version 

of the tool now takes into account data updates to ecoinvent, such that the data behind this figure uses a pan-

European dataset from 2009. 
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Table 98 presents selected data from the literature on the climate change benefits associated with the recycling 

of board and corrugated card, all of which present the impact excluding the biogenic CO2 emissions. Here, the US 

EPA study found that the recycling of cardboard was associated with a net contribution to climate change. 

However, the two other studies that calculated benefits excluding the avoided disposal impacts both indicated the 

benefits would be greater than those suggested by the more recent ecoinvent data, and both the earlier sources 

used a more carbon intense fuel mix for electricity generation than either that of ecoinvent or US EPA.31 In the 

case of cardboard manufacture, this would be expected to reduce the benefit associated with recycling, as the 

fossil-based electricity is typically only required for the reprocessed product. The use of the ecoinvent dataset is 

therefore again felt to be reasonable for this material, given both the range of potential performance suggested 

by the data in this Table and that it is far more recent. 

 

Table 98: Selected values – benefits of recycling board and corrugated card 

Cited source Data source origin 

Climate 

change 

benefits 

t CO2eq. / t  

Includes avoided 

disposal impacts? 
Electricity source 

AEA 2001 (EU) Swedish study 0.12 No EU mix 1996 

US EPA 2002 / 6 US EPA  -0.12 No US mix 2002 

WRAP 2006 

Grant et al 2001 0.17 – 0.29 No 85% coal 

Dalager et al 1995 2.80 Yes (landfill) 
Fossil (mix not 

stated) 

Paper Task Force 2002 1.33 Yes (landfill) US mix 2002? 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions 
and Sinks, May 2002; WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons for 
Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006; Grant et al (2001) LCA of Paper and Packaging 
Waste Management Scenarios in Victoria, Report for EcoCycle Victoria; Paper Task Force (2002) Life cycle Environmental 
Comparison: Virgin Paper and Recycling Paper Based Systems, White Paper No. 3  

 

Carbon Stocks in Trees 

Modelling originally carried out in 2002 by the US EPA included quite a sophisticated consideration of the US 

forest sector, and the implications of not harvesting forests as a result of paper recycling32: 

 

‘When paper and wood products are recycled or source reduced, trees that would otherwise be 

harvested are left standing. In the short term, this reduction in harvesting results in a larger quantity of 

carbon remaining sequestered, because the standing trees continue to store carbon, whereas paper and 

wood product manufacture and use tends to release carbon. In the long term, some of the short-term 

benefits disappear as market forces result in less planting of new managed forests than would otherwise 

occur, so that there is comparatively less forest acreage in trees that are growing rapidly (and thus 

sequestering carbon rapidly).  

 

Considering the effect of forest carbon sequestration on U.S. net GHG emissions, it was clear that a 

thorough examination was warranted for this study. The complexity and long time frame of carbon 

sequestration in forests, coupled with the importance of market dynamics that determine land use, 

dictated the use of best available models.’  

 

The US EPA suggested that additional biogenic CO2 emissions of 2.677 tonnes CO2 equivalent per tonne of paper 

could be saved through this aspect of paper recycling. 

 

                                                      
31 Electricity from fossil sources is often required for the manufacture of board from recycled material, although the 
requirements of the virgin manufacture process are usually met through the combustion of lignin. 

32 USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks, EPA530-R-
02-006, May 2002 
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However, data presented elsewhere by the European paper and packing industries suggests that in Europe 

relatively few trees are felled to make paper, and further indicates that only around 11% of the timber felled 

throughout the world is used to make this type of product33:  

 

From a tree, big logs are used for timber. The branches cut to maintain trees healthy are used for paper 

making as well as residues from saw mills such as wood chips, are also raw material for paper…… Over 

the years, thinning operations weed out the weaker trees, but there is still a net gain in forest stocks - 

the Food and Agriculture Organization (FAO) indicates that there is an annual forest growth of 5 per 

cent in the northern hemisphere.  

 

In addition, the European paper industry indicates that it supports certification as a way of documenting 

sustainable forest management, with certificates based on defined criteria issued by independent auditors making 

this verifiable by customers and consumers. Further European paper and packaging industries statistics suggest 

that 82% of forests owned by paper companies are certified in this way. 

 

Of the datasets examined above, only the US EPA considered the potential impact in forestry-based carbon 

stocks. We have not included this impact in the current analysis, as a result of the uncertainties associated with 

this type of modelling and its application to current European forestry and paper manufacture practices.  

 

6.7.4.2 Glass 
 

The assumptions associated with both the open loop and closed loop glass recycling processes are described in 

this section.  

 

Open loop recycling processes 

For open loop glass recycling processes, WRATE considers the benefits associated with the production of 

glasphalt, where crushed glass is mixed with aggregate and bitumen in a conventional asphalt plant. This is 

considered to result in climate change benefits of 0.021 tonnes of CO2 equivalent per tonne of material 

reprocessed. 

 

The 2006 WRAP review looked at data from five studies. From these studies, the maximum benefit associated 

with the open loop reprocessing of glass was 0.1 tonne CO2 equivalent whilst the average was 0.01 tonnes. 

Although these values included the avoided disposal impacts, since these were associated with landfilling of inert 

material, this is not expected to have had a significant impact on the results34. The WRATE data therefore 

appears to be in line with that of the WRAP review, and is thought to be reasonably representative. 

 

Closed loop recycling processes 

Data from the six case studies suggests that glass is much more likely to be reprocessed in the UK than is the 

case with the paper and cardboard products.  

 

For closed loop or ‘remelt’ glass recycling processes, WRATE indicates benefits to be in the order of 0.169 tonne 

CO2 equivalent per tonne of material reprocessed. Documentation provided with the software indicates the source 

of the data to be Berryman (a major UK glass reprocessor) for the impacts associated with the reprocessing part 

of the system, whilst data from British Glass is used to assess impacts associated with the primary manufacture 

of the product. The analysis of the two together was provided by Enviros in 2004. There is a minor variation in 

the benefit associated with the processing of the different colours of glass. 

 

Table 99 presents data from selected literature sources with regard to the climate change benefits of recycling 

glass. In all cases the literature indicates that the benefits are higher than those attributed by WRATE. This is 

particularly the case for those considered in the WRAP review, where the average value is more than twice that 

of calculated within WRATE. However, WRAP’s dataset includes some European studies from the 1990s (e.g. one 

study uses UK electricity fuel mix data from 1990, when around two thirds of the mix was from coal generation) 

and also includes one case study looking at reuse for which the benefits are much higher.  

 

                                                      
33 See http://www.paperonline.org/ 

34 WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons for Key Materials in the 
UK Recycling Sector, Final Report to WRAP, May 2006 

http://www.paperonline.org/
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The study undertaken by Enviros in 2003 also attributes a greater benefit to closed loop glass reprocessing, and 

in this case the data source is also taken to be British Glass albeit that this study was undertaken the year before 

that which was used to determine the benefits in WRATE. It is not clear whether an updated dataset was used to 

calculate the benefits assumed by WRATE. 

 

As was previously discussed with regard to the benefits associated with paper recycling, over time, it might be 

expected that benefits associated with recycling glass will be reduced as processes become more energy efficient, 

and as electricity generation becomes less carbon intense. The rather more conservative value might be 

considered appropriate in this context, particularly given that almost all of the primary manufacture and 

reprocessing is likely to occur in Europe. 

 

Table 99: Selected values – benefits of recycling glass (closed loop processes) 

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

glass recycled) 

US EPA (2002/6) 0.28 

AEA (2001) 0.29 

WRAP (2006) 0.44 average 

Enviros (2003) 0.31 UK / 0.29 overseas 

Notes 

Enviros study also used data from British Glass (as with WRATE) 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, 
Final Report for Defra, January 2006; ERM (2006 b) Carbon Balances and Energy Impacts of the Management of UK Wastes, 
December 2006; USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and 
Sinks, EPA530-R-02-006, May 2002 

 

6.7.4.3 Steel  
  

In the case of steel recycling, WRAP’s 2006 study found that the assumptions which had the highest influence on 

the results were those related to the interdependency of the steel waste handling system with the energy system 

of the surrounding technosphere – particularly with regard to the type of energy used within the primary and 

recycled scrap manufacturing systems. In this case, elements of both the primary manufacture and reprocessing 

system may occur outside Europe, and so the carbon intensity of electricity generation needs to be considered in 

a global context.  

 

WRATE attributes a benefit of 1.6 tonnes CO2 equivalent per tonne of steel recycled. The value was obtained 

using an ecoinvent dataset from 2003 that considers European steel production and world mining developed in 

2005 by ERM using assuming a 2006 energy mix.  

 

Table 100 presents other values from alternative literature sources. Interestingly, ERM’s slightly more recent 2006 

reports also use ecoinvent data and but suggest much lower values than those developed by the authors for use 

in WRATE. No details of the assumptions regarding the location of mining and manufacturing operations were 

given in the more recent ERM studies, and so it is not clear whether the former were also considered to occur 

outside Europe (as was the case in the earlier WRATE analysis). The WRATE figure is, however, more in line with 

those of the older US EPA and AEA studies. It is possible that WRATE overestimates the benefit associated with 

steel reprocessing. However, the use of a more conservative value may in this case be less appropriate given the 

global nature of steel manufacture. 



 

 

 

Table 100: Benefits of recycling steel from various literature sources 

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

steel recycled) 

US EPA (2002/6) 1.79 

AEA (2001) 1.52 

WRAP (2006) Average 1.34 (of landfill scenarios) 

ERM (2006 a) 0.43 

ERM (2006 b) 0.58 – 0.83 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, 
Final Report for Defra, January 2006; ERM (2006 b) Carbon Balances and Energy Impacts of the Management of UK Wastes, 
December 2006; USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and 
Sinks, EPA530-R-02-006, May 2002 

 

6.7.4.4 Aluminium 
 

WRATE attributes a benefit of 10.7 tonnes CO2 equivalent per tonne of aluminium recycled, which is obtained 

from ecoinvent as was the case with steel recycling. Table 100 presents other values from alternative literature 

sources. The data in the Table confirms that the value attributed within WRATE is lower than the benefit 

calculated in several of the other data sources such as the US EPA and the ERM analyses (as was the case with 

steel, ERM also used data from ecoinvent) – but is slightly higher than the most recent data point from the EEA. 

As is the case with steel manufacture, the use of a more conservative value may in this case be less appropriate 

given the global nature of aluminium manufacture. The data contained within WRATE is therefore taken to be 

reasonably representative of the benefits of recycling this type of metal given the inherent uncertainties in this 

type of analysis.  

 

Table 101: Benefits of recycling aluminium from various literature sources 

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

aluminium recycled) 

US EPA (2002/6) 15.07 

AEA (2001) 9.20 

European Aluminium Association (2008) 9.17 

ERM (2006 a) 11.60 

ERM (2006 b) 12.30 – 13.10 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Carbon Balances and Energy Impacts of the Management of UK Wastes, December 
2006; ERM (2006 b) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, Final Report for 
Defra, January 2006; European Aluminium Association (2008) Environmental Profile Report for the European Aluminium 
Industry: Life Cycle Inventory Data for Aluminium Production and Transformation Processes in Europe, April 2008; USEPA 
(2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks, EPA530-R-02-006, 
May 2002 

 

6.7.4.5 Plastics 
 

This section describes the key assumptions used to calculate the benefits of plastics recycling in terms of avoided 

climate change emissions from primary manufacture. 

 

Dense plastics 

WRATE attributes a benefit of 1.04 tonnes CO2 equivalent per tonne of mixed plastic recycled, whilst the recycling 

of plastic bottles was considered to result in climate change benefits of 1.15 tonnes CO2 equivalent per tonne of 
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plastic bottle recycled. Documentation provided within the tool indicates that the values in both cases were 

calculated based on data provided by the Association of Plastics Manufacturers in Europe (APME). 

 

In the case of plastics recycling, the 2006 WRAP review identified a number of sensitive assumptions from the 

range of studies it had considered. Particularly important were the following: 

 

 whether washing or cleaning of the material was required – where this was the case, benefits were decreased 

(as a result of the use of hot water); and 

 whether the recycled material was assumed to substitute (on a tonne for tonne basis) virgin material of the 

same kind. In cases where the quality / grade of the recovered plastic implied a less favourable substitution 

ratio (worse than 1:1), the scenarios dealing with this issue demonstrated that a ratio of 1:0.5 was about the 

break-point at which recycling and incineration with energy recovery were environmentally equal. 

WRAP’s analysis found, however, that the results were relatively less sensitive to the type of polymer being 

recycled.  

 

Table 102 provides values from selected literature sources relating to the benefits associated with the recycling of 

dense plastic. The Table includes data on the relative benefits of recycling the different plastic polymers where 

these were identified in the literature. 

 

Table 102: Selected values – benefits of recycling dense plastic  

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

plastic recycled) 

US EPA (2002/6) 

HDPE 1.40 

LDPE 1.71 

PET 1.55 

AEA (2001) 
HDPE 0.53 

PET 1.80 

APME (2005) HDPE 1.90 

WRAP (2006) Average 1.08 (of landfill scenarios) 

ERM (2006 a) 2.32 

ERM (2006 b) -1.82 (lumber) / 0.85 closed loop 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, 
Final Report for Defra, January 2006; ERM (2006 b) Carbon Balances and Energy Impacts of the Management of UK Wastes, 
December 2006; APME data cited here from http://www.plasticseurope.org ; USEPA (2002) Solid Waste Management and 
Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks, EPA530-R-02-006, May 2002 

The data in the Table suggests that WRATE attributes a lower benefit to plastic recycling than many of the 

literature sources contained within the Table. The values in WRATE for benefits of bottle recycling are calculated 

assuming a composition of bottles containing different plastic polymers. A closer inspection of the value attributed 

to the recycling HDPE bottles within WRATE confirms that benefits of 1.182 tonne of CO2 equivalent per tonne of 

recycled material are anticipated – a much lower benefit than that attributed by APME in the data published on 

the Plastics Europe website (as detailed in Table 102) despite the data apparently originating from the same 

source at around the same time. The reason for this substantial differential is not clear.  

 

On the other hand, the data within WRATE is broadly in line with the average benefit calculated across the range 

of studies examined as part of the WRAP review. In this case, the WRAP review considers more recent studies 

than is the case in the review of the benefits associated with paper and glass recycling (where the majority of 

studies examined were from the 1990s), possibly indicating that the data may be more representative of recent 

performance. The considerable uncertainty associated with the data for plastics recycling is however highlighted 

by an inspection of the data contained within the more recent ERM studies – which show a range of values from 

0.85 to 2.32 tonne of CO2 equivalent per tonne of recycled material where the material is treated using a closed 

loop recycling process. 

http://www.plasticseurope.org/
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The data contained within WRATE is therefore again taken as being reasonably representative, given the 

considerable uncertainty that surrounds the calculation of the benefits associated with recycling this type of 

material. 

 

Plastic film 

WRATE assumes the benefits of recycling plastic film to be 0.642 tonnes CO2 equivalent per tonne recycled. 

Documentation contained within the model confirms that this is based on the benefit associated with recycling a 

relatively high quality agricultural film but assuming that a greater level of contamination occurs where the film 

originates from the household stream. The documentation does not indicate what assumptions were used with 

regard to the washing of the product, which is likely to be particularly necessary where high levels of 

contamination occur. If more cleaning is required, the benefits are likely to be commensurately reduced, as was 

indicated in the discussion surrounding the benefits associated with recycling dense plastic. WRATE’s 

documentation does, however, acknowledge the considerable uncertainty with regard to the estimated benefits 

associated with recycling film from the household stream. 

 

Table 103 presents selected values from the literature in respect of the climate change benefits associated with 

recycling plastic film. In the case of the WRAP data, the example considered the benefit of high quality film 

recycling from a commercial stream (details regarding the necessity of washing the material were not provided). 

ERM did not confirm the source of the film recycled in either of their studies, but in one study made a distinction 

between the benefit associated with closed and open loop recycling. 

 

Table 103: Selected values - benefits of recycling plastic film  

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

plastic recycled) 

WRAP (2006) 1.60 – 2.60 (only one data source) 

ERM (2006 a) 1.586 

ERM (2006 b) -0.85 (lumber) / 1.47 closed loop 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, 
Final Report for Defra, January 2006; ERM (2006 b) Carbon Balances and Energy Impacts of the Management of UK Wastes, 
December 2006; APME data cited here from http://www.plasticseurope.org ; USEPA (2002) Solid Waste Management and 
Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks, EPA530-R-02-006, May 2002 

Much of the film recovered for recycling within the Welsh collection system comes from the collection sacks used 

to contain the recyclate and is therefore likely to be more contaminated than the film collected from commercial 

waste streams. 

 

Experience of film recycled at MBT plant suggests that particularly in the case where lower quality film is 

recycled, it is more likely that the material will be sent for open loop recycling. Given that this is the case, and the 

considerable uncertainties surrounding the degree to which the film collected within the household stream is 

likely to be contaminated (with the commensurate impact on the amount of washing required), our model 

attributes a benefit of 0.462 tonnes CO2 equivalent per tonne of film recycled – equivalent to 75% of the benefit 

attributed within WRATE. 

 

6.7.4.6 Textiles 
 

Our model uses data taken from a report by Prognos and Ifeu that suggested a figure of 2.818 tonnes CO2 

equivalent per tonne of textiles35. Values from other literature sources confirm a considerable variation in the 

benefits attributed elsewhere to the recovery of this waste stream. Table 104 presents data from a number of 

literature sources that have examined the potential benefit associated with recycling textiles. Textiles were not 

considered in the 2006 WRAP review – reflecting, in part, the lack of detailed analysis that has been undertaken 

in this field. 

 

                                                      
35 Prognos, with Infu and Ifeu (2008) Resource Savings and CO2 Reduction Potential in Waste Management in Europe and the 
Possible Contribution to the CO2 Reduction Target in 2020, Berlin: October 2008. 

http://www.plasticseurope.org/
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It is clear that the benefits associated with recycling textiles vary enormously, with some of this variation being 

dependent upon the type of fibres and the end use of the recovered material. The lower end of the range of the 

ERM (2006a) data, for example, is said to relate to the recycling of poor quality material into rags or fillers. In 

contrast to this, the data incorporated within the WRATE model suggests emissions benefits associated with the 

recycling of donated textiles to be 4.29 tonnes of CO2 equivalent per tonne of textiles, based on information 

supplied by Oxfam and WasteSavers. The model assumes that 70% of the clothing donated is resold, with 3% 

being rejected (subsequently landfilled) and a further 27% recycled into rags. The model indicates that impacts 

are calculated on the basis of a UK-specific mixture of textiles. No further information is provided on the source of 

emissions reductions data or the composition of textiles. The data contained within WRATE therefore principally 

relates to material collected through bring banks and charity shops, rather than that obtained through a kerbside 

collection service – and possibly overestimates the amount of reusable material that might be collected through a 

kerbside collection scheme. 

 

The data from WRATE was used in the recent study undertaken by ERM for the WAG comparing the performance 

of kerbside sort and co-mingled recycling systems, which has been reviewed as part of the current analysis (see 

Section 4.2.9). Impacts relating to the recycling of textiles proved very influential in that study, as no textile 

recovery was assumed to occur in the co-mingled system, whereas a significant amount of textiles recycling was 

assumed for the kerbside sort system. 

 

Table 104: Benefits of recycling textiles from selected literature sources 

Data source 
Benefits (tonnes CO2 equivalent per tonne of 

textiles recycled) 

AEA (2001) 3.031 

ERM (2006 a) 0.93-1.75 

ERM (2006 b) 7.869 

WRATE 4.290 

Sources: AEA Technology (2001) Waste Management Options and Climate Change: Final Report, European Commission: DG 
Environment, July 2001; ERM (2006 a) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions, 
Final Report for Defra, January 2006; ERM (2006 b) Carbon Balances and Energy Impacts of the Management of UK Wastes, 
December 2006 

During more recent work undertaken by Eunomia for WRAP concerning the feasibility of landfill bans, the ERM 

peer review team engaged as part of the study subsequently recommended the use of the lower Prognos / IFeu 

figure in preference to the higher value contained within WRATE, in recognition of the considerable uncertainty 

that surrounds this area. We have therefore retained the assumption from Prognos in the current study, which is 

felt to be reasonable given the lack of data regarding textile composition and the uncertainty regarding the extent 

to which the recovered textiles collected through kerbside services on a large scale can be reused. 

 

6.7.5 Facilities treating recyclables 
 

Our model accounts for energy use at MRF and transfer facilities accepting recyclables collected during kerbside 

sort rounds. There is relatively little published data available with regard to the energy use at these facilities. 

WRATE contains some data on energy use at different types of MRF, and this is presented in Table 105. The data 

contained within the Table confirms that facilities which contain more sorting equipment have greater energy 

requirements. In addition, larger facilities tend to have lower energy requirements where this is expressed on the 

basis of impacts calculated per tonne.  



 

 

 

Table 105: Energy usage data for MRFs in WRATE 

Facility Description1 
Throughput 

(tonnes / year) 

Electricity 

requirement 

(kWh / tonne) 

Diesel requirement  

(kg / tonne) 

‘Small dirty (paper only)’ 25,000 14 0.29 

‘Refuse Derived Fuel (RDF) for 

cement kiln (front end)’ 
60,000 30 0.33 

‘V screen, semi-automated’ 75,000 9 0.58 

‘Including infra-red equipment’ 50,000 15 0.93 

Average n/a 17 0.53 

Notes: 

1. Descriptions as expressed within WRATE 

 

It should be noted that WRATE does not provide any information on the energy used at transfer facilities that 

process only recyclable material – the ‘transfer station’ module contained within the tool refers to impacts relating 

to a transfer station processing residual waste, with energy use figures resulting from the use of bulk compaction 

that would not be used at a transfer facility that is processing recyclate. 

 

Assumptions within the model are presented in Table 106, and are based on data obtained during Phase 2 of the 

study. Although the project team made contact with the operators of a number MRF and transfer facilities as part 

of Phase 2 of the project with the aim of collecting more accurate data with regard to the energy impacts, data 

was available in only very few cases. This is acknowledged, therefore, as a further area where additional research 

is required. The impact associated with this aspect of the recycling system is, however, relatively minor in 

comparison to other aspects in the overall cost benefit models, such as the benefits that can be attributed to 

recycling or those associated with the treatment of residual waste. 

 

Table 106: Energy use at MRF and transfer facilities 

 
Diesel use 

 litres / tonne 

Electricity use 

kWh / tonne 

Transfer facilities (for recyclables) 1 4 

MRF 2 351 

Notes 

1. Data relates to a small, but heavily automated MRF – likely to be representative of the upper end of the 

range of electricity use for this type of facility, as is indicated through comparison with the values contained 

within WRATE. 

 
6.7.6 Transport  
 

The modelling assumptions applied regarding the environmental impacts associated with transport are described 

in this section.  

 

Inland transport impacts 

Our model makes the following assumptions with regard to the pollution generated by waste collection vehicles: 

 

 vehicles are assumed to meet the Euro 4 standard in the Phase 2 models; and 

 vehicles are assumed to meet the Euro 5 standard in Phase 3. 
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Waste collection transport impacts 

Waste collection transport impacts are based on the predicted fuel use in the collection cost model. The unit fuel 

consumption per vehicle is detailed in Table 45. The modelled amount of fuel consumed for all kerbside 

collections is detailed in Table 107. 

 

Table 107: Waste collection fuel consumption (UK Gallons per Annum) 

 Co-mingled Two-stream Kerbside sort 

Current Performance Model 1,098k 1,169k 1,072k 

Enhanced Performance Model 1,687k 1,894k 1,302k 

 

Bulk haulage and dry recycling waste transfer impacts 

The MRF strategy assumed for both the current and enhanced performance scenarios assumes that a proportion 

of co-mingled material and two-stream materials will be bulked and bulk hauled to the MRFs for sorting. All 

collection systems also require material to be hauled to final reprocessors from MRFs and depots. The impacts of 

this process are based on estimates of diesel consumed. 

 

Diesel consumed from bulk haulage and transfer is calculated using individual models for the three collection 

schemes and both scenarios. The models allocate assumed points of transfer for each material product which are 

derived from the most common or detailed assumptions found in the Phase 2 case studies. The tonnage for each 

material is sourced from the waste flow model. A vehicle type is allocated to each product stream, from one of a 

44 tonne curtain-sider, 44 tonne walking floor, 44 tonne bulk tipper or 44 tonne ISO container lorry. Individual 

numbers of loads are calculated from the vehicle assumptions and the material tonnage. Distance per load is 

estimated from a point near the centre of population in Wales to each point of transfer and then ‘there and back’ 

distances are multiplied by the number of loads required to give a total mileage per product. Fuel consumption is 

estimated for these distances based on 8mpg per vehicle. Material being exported is included in the calculation 

until it reaches a UK container port. 

 

All end destinations are assumed to be the same for materials apart from the following: 

 

 soft mixed is only produced in co-mingled system and this is assumed to be exported; 

 glass is from co-mingled systems is processed into aggregates in Wales whereas glass in kerbside sort 

systems is hauled to a reprocessor in the NW of England which is a longer distance than the co-mingled 

processing location; and  

 textiles are only recycled in the kerbside sort model and the processing location is assumed to be in South 

Wales with the majority of sorted material being exported. 

 

Table 108: Bulk transport and transfer fuel consumption (UK Gallons per Annum) 

 Co-mingled Two-stream Kerbside sort 

Current Performance Model 329k 326k 314k 

Enhanced Performance Model 626k 680k 605k 

 

International transport 

In addition to bulk transfer the materials listed below are assumed to be exported to the Far East: 

 

 soft mixed; 

 40% of rigid mixed plastics; 

 plastic films; and 

 70% of collected textiles 

The tonnage of these materials is multiplied by the emissions detailed in Table 100. 
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Table 109 presents the assumptions used in respect of shipping emissions within our model. 

 

Table 109: Shipping emissions 

Pollutant Emission, g per tonne km 

Carbon Dioxide (CO2)    7.00 

Nitrous Oxides (NOx) 0.12 

Particulate Matter (PM) 0.01 

Sulphur Oxides (SOx) 0.19 

Non Methane Volatile Organics Compounds (NMVOC) 0.01 

Carbon Monoxide (CO) 0.00 

Source: Maersk  

 

6.7.7 Residual waste treatment 
 

This section presents the key assumptions used in the modelling regarding the two principal treatment methods, 

landfill and incineration.  

 

6.7.7.1 Landfill 
 

The part of the model used to determine the impacts associated with the landfilling of material has been 

developed by Eunomia over many years using data from a wide range of sources, including both peer reviewed 

literature sources, as well as data from regulators and site operators where appropriate. The most recent version 

of the model has been informed by a project carried out by Eunomia in association with Hans Oonk (a former 

advisor to the IPCC) that offered recommendations to Defra with regard to improvements that might be made to 

the MELMod landfill model which is used for the UK’s annual submission to the Intergovernmental Panel on 

Climate Change (IPCC)36.  

 

Our model of the behaviour of landfill assumes a more substantial environmental impact associated with the 

landfilling of residual waste than many other similar models, such as GasSim (the model used to assess the 

impact of landfill in WRATE) or MELMod. The differences between these other models and the one developed by 

Eunomia largely relate to the approach taken in the modelling of landfill gas generation and the capture of the 

landfill gas. These differences are summarised in the Sections that follow. 

 

Landfill gas generation 

In order to capture the relationship between degradation and residence time, our model links the nature of the 

constituent organic compounds to the release of greenhouse gases through time-dependent ‘first order decay’ 

functions - as is the also case in both the MELMod and GasSim models37. Emissions of methane from landfill are 

allocated to specific years over a 150 year period. The degradation factors within the model have been validated 

through assessing the implied methane emissions from the materials and cross-checking against work undertaken 

in the United States and by the UK Environment Agency38. However, it is important to note that despite the 

prevalence of landfilling as a method of waste management, there is considerable uncertainty regarding how best 

to parameterise landfill models. 

 

                                                      
36Eunomia and Oonk H (2011) Inventory Improvement Project – UK Landfill Methane Emissions Model: Final Report to Defra 
and DECC 

37 Land Quality Management (2003) Methane Emissions from Landfill Sites in the UK, Report for Defra, January 2003; IPCC 
(2006) Guidelines for National Greenhouse Gas Inventories: Chapter 3 – Solid Waste Disposal 

38 Barlaz M (1997) Biodegradative Analysis of Municipal Solid Waste in Laboratory-scale Landfills, EPA 600/R-97-071, 
Washington, DC: USEPA; Gregory R and Revans A (2000) Part One, in Environment Agency (2000) Life Cycle Inventory 
Development for Waste Management Operations: Landfill, Project Record P1/392/3, Bristol: Environment Agency 



 

 Kerbside Collections Options: Wales 190 

 

First order decay models assign parameters that indicate both the speed at which the decay occurs and the 

extent to which a given fraction is degraded. Eunomia’s model links the degradation of the waste materials to its 

chemical composition, with different degradation rates being applied to the cellulose, lignin, fat, protein and sugar 

fractions contained within the biogenic waste materials. The extent and rate of degradation is considered to be 

greater for fats and sugar, whilst only a limited amount of degradation of the lignin-based substances is assumed 

to occur. 

 

In contrast to the approach taken with Eunomia’s model, MELMod and GaSim allocate both the degradation rate 

and the extent of degradation to the waste types (i.e. paper, card, food waste etc.), with the degradation 

behaviour linked in each case to the assumed cellulose and lignin content of each material in question. Whilst the 

principle behind this approach is reasonable for some materials in the residual stream such as paper and card, it 

is less relevant for food waste, which contains relatively little in the way of cellulose and lignin. The effect of the 

approach is to underestimate the extent to which food waste degrades when landfilled.  

 

Much of the impact of landfill in the other models such as MELMod and GasSim is based on the behaviour of 

paper products in landfill which have been much more widely studied than other waste components such as food 

waste. The approach taken in MELMod and GasSim is based on earlier work undertaken by Barlaz in the US which 

focussed heavily on the so-called ‘forest products’ – paper, card and wood – based on composition analyses 

undertaken in the US during the 1990s which indicated that these products formed the large part of the 

degradable component of landfilled residual waste39. However food waste in particular accounts for a significant 

proportion of the UK residual waste stream, and also contains significant quantities of the two readily degradable 

elements (i.e. fats and sugars). Methane emissions from landfill are therefore higher where the behaviour of 

these additional elements of the residual stream is more accurately accounted for – as is the case in our model. 

 

In addition to the above, a number of other factors contribute to the differential between Eunomia’s model and 

MELMod / GasSim, including the following: 

 

 Eunomia’s model considers that the decay of rapidly degrading substances proceeds at a faster rate than that 

of MELMod and GasSim. The assumptions in our model are in line with the suggested default values contained 

within the IPCC Guidance with regard to landfill model development. These assumptions are of particular 

importance given our approach taken to modelling the capture of landfill gas (outlined below) whereby less of 

the gas is assumed to be captured in the first few years; and 

 MELMod and GasSim assume that paper products contain much more moisture than is assumed to be the 

case in the model used here. As a result these materials are assumed to contain less degradable carbon 

resulting in less methane being produced. 

Landfill gas capture 

The wider literature suggests a range of estimates for the efficiency of gas collection from landfill sites with a 

distinction being made between instantaneous collection efficiencies and the proportion of gas that can be 

captured over the lifetime of the landfill40. Whilst instantaneous collection rates for permanently capped landfilled 

waste can be higher than 90%, capture rates may be much lower during the operating phase of the landfill 

(35%) or when the waste is capped with a temporary cover (65%)41. Towards the end of the site’s life when the 

flux is low, it becomes increasingly expensive to collect the gas. Capture rates across the lifetime of the landfill 

will therefore be dependent upon when the permanent cover is applied, and the extent to which effort is made to 

capture the gas when the flux is low. 

 

                                                      
39 A review of this work can be found in Barlaz M A (2006) Forest Products Decomposition in Municipal Solid Waste Landfills, 
Waste Management, Issue 26, pp. 321-333 

40 Anderson P (2005) The Landfill Gas Recovery Hoax, Abstract for 2005 National Green Power Marketing Conference; USEPA 
(2004) Direct Emissions from Municipal Solid Waste Landfilling, Climate Leaders Greenhouse Gas Inventory Protocol – Core 
Module Guidance, October 2004; Brown K A, Smith A, Burnley S J, Campbell D J V, King K and Milton M J T (1999) Methane 
Emissions from UK Landfills, Report for the UK Department of the Environment, Transport and the Regions 

41 Spokas K, Bogner J, Chanton J P, Morcet M, Aran C, Graff C, Moreau-Le Golvan Y and Hebe I (2006) Methane Mass Balance 
at 3 Landfill Sites: What is the Efficiency of Capture by Gas Collection Systems? Waste Management, 5, pp515-525 
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Most estimates of landfill gas capture rely upon the existence of landfill gas models to calculate the expected 

amount of methane generated, such that this can then be compared with the amount of fugitive methane 

emission that can be measured at the landfill. The accuracy of the capture estimate is therefore dependent upon 

the accuracy of the model of methane generation. There is however considerable variation in the outputs of the 

various methane generation models. In the case of the other models in use within the UK, both are likely to 

underestimate the methane generation potential of landfilled waste, potentially indicating higher captures of 

landfill gas if these models are used to measure capture efficiency. The IPCC guidance in this area suggests a 

lifetime gas capture rate of 20% - a conservatively low rate that largely reflects the uncertainty surrounding the 

modelling of these impacts42.  

 

Gas Sim and MELMod both assume that the capture of landfill gas over the lifetime of the landfill is 75% and 

apply this capture rate across the entire lifetime of the landfill, irrespective of when the permanent cover is 

applied. In contrast our model assumes a landfill gas capture rate of 50% over the lifetime of the landfill 

(assumed to be 150 years as previously indicated). We further assume that more of the gas escapes during the 

initial years after the material is landfilled, as the landfill cells will not be permanently covered at this stage, and 

that less escapes once the permanent cover has been applied. This assumption further increases the impact 

associated with landfilling the more readily degradable materials such as food waste, where a significant 

proportion of the methane generation is assumed to occur within the first few years of deposition.  

 

Air quality impacts 

Whilst landfill gas is principally comprised of methane and carbon dioxide, approximately 1% of the volume of the 

gas is made up of trace elements. This can include up to 150 substances including halogenated organics, organo-

sulphur compounds and aromatic hydrocarbons depending on the nature of the waste43.  

 

The approach taken in our model is to assume that the gases which are emitted in any one year are related to 

the quantity of methane or CO2 produced, depending upon whether one is considering raw gas or gas once 

combusted. A more detailed discussion of the approach taken can be found in recent work undertaken for WRAP 

regarding the feasibility of landfill bans44.  

 

No external damage costs have been developed for many of pollutants that are found in trace quantities within 

landfill gas as their impact on human health remains uncertain. The most significant impacts relate to emissions 

of ammonia, VOCs and combustion related impacts such as NOx that are associated with the generation of 

energy from landfill gas. 

 

6.7.7.2 Incineration 
 

This section presents the key assumptions used in the modelling regarding the treatment of residual waste via 

incineration.  

 

Direct emissions and energy use 

Climate change emissions resulting from the combustion of waste materials are related to the carbon content of 

the feedstock. Our assumptions on the carbon content of waste materials have been outlined in recent work 

undertaken for WRAP regarding the feasibility of landfill bans45. 

 

In the case of the direct air quality impacts, the incinerators are assumed to meet the requirements of the Waste 

Incineration Directive (WID) with respect to the pollution abatement equipment installed. Where damage costs 

are used to assess the air quality impacts, much of the impact is associated with emissions of NOx. All UK 

facilities abate this type of impact through the use of Selective Non-Catalytic Reduction techniques (SNCR), which 

allow the facility to meet the requirements of the WID, but not to significantly exceed it. 

                                                      
42 IPCC (2007) Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change (Metz B, Davidson O R, Bosch PR, Dave R, and Meyer L A (eds)), Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA., pp 600  

43 Komex (2002) Investigation of the Composition and Emissions of Trace Components in Landfill Gas, R&D Technical Report 
P1-438/TR for the Environment Agency, Bristol 

44 Eunomia (2010) Landfill Bans: Feasibility Research, Final Report for WRAP 

45 Eunomia (2010) Landfill Bans: Feasibility Research, Final Report for WRAP 
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Incineration facilities use both electricity and diesel, with requirement for the former being dependent in part 

upon the type of abatement equipment installed. We assume that all incineration facilities use 50kWh of 

electricity and 2 litres of diesel per tonne of waste, based on typical energy use data provided in the recently 

published annual reports on the performance of 15 UK facilities46. These assumptions are also in line with those 

of the recently updated incineration model contained in WRATE (the revised version was produced in 2009, and 

considered data from 2008 provided by Ramboll). 

 

Energy generation 

The quantity of energy that is assumed to be generated from waste materials will depend on what is assumed in 

respect of the calorific value of that material, which is in turn related to its moisture content. Our approach to the 

modelling of the chemical constituents of waste materials is outlined in recent work undertaken for WRAP 

regarding the feasibility of landfill bans47. 

 

The amount of energy generated by an incineration facility is further dependent upon the efficiency at which the 

energy contained within the waste materials is converted into electricity and/or heat. The literature on this 

subject confirms that there is a considerable variation between the energy generation efficiencies of facilities 

operating in the UK and across Europe as a whole. 

 

A review of the energy generation data available in the Annual Reports of 15 out of the 23 incineration facilities 

currently operating in the UK confirmed that the median gross generation of the electricity-only facilities was 

20%, whilst the best performing facilities (3 out of the total) had a gross electrical generation efficiency of 

approximately 25%48. A third of the facilities generating only electricity had a gross electrical generation 

efficiency of less than 20%, and the majority of these were facilities that accepted more than 160,000 tonnes of 

waste (smaller facilities are generally less able to operate at the higher generation efficiencies). 

 

For facilities operating in CHP mode, where thermal facilities are concerned, and where steam turbines are used 

to generate energy, there is a trade-off between the generation of electricity and the generation of heat – the 

ratio is typically in the order of 3MW heat for every MW of electricity generated49. Furthermore, seasonal 

fluctuations in demand are such that the heat generated by incineration plant may not always be utilised. The 

size of the heat outlet from the plant is fixed at the time of construction and cannot subsequently be altered 

without considerable financial cost. It is thus not possible to export more heat than that delimited by the capacity 

of outlet. In the event, however, that the facility does not have sufficient demand for all of the heat that is 

potentially available for export, the otherwise un-utilised steam generated through the combustion process can 

be used instead for electricity generation50. The quantity of electricity generated in this way will reflect the 

generation ratio previously outlined, i.e. 3MW of heat energy will result in approximately 1MW of electrical 

energy.  

 

The WAG has signalled its support for good quality CHP in recent reports such as that recently produced by AEA 

which considered the generation efficiencies for a range of thermal facilities51. Further communication with the 

government has confirmed its aspirational target of 60% system efficiency for future incineration facilities 

operating in CHP mode, with this ratio calculated by summing together the electricity and heat generation 

efficiencies. The approach outlined by the WAG differs from that undertaken by the European Commission in its 

recovery formula, within which the electricity generation efficiencies are weighted – the latter approach being a 

reflection of the trade-off between electricity and heat generation described above. The intention of the WAG 

efficiency formula is to prioritise the generation of heat at facilities operating in CHP mode, as only those facilities 

generating heat in sufficient quantity will be able to meet the 60% target when the relative efficiencies are 

summed together in this way. 

                                                      
46 Reports available from http://www.ukwin.org.uk  

47Eunomia (2010) Landfill Bans: Feasibility Research, Final Report for WRAP 

48 Reports available from http://www.ukwin.org.uk  

49 For a more detailed discussion on this subject, see : (landfill bans) 

50 European Commission (2006) Reference Document on the Best Available Techniques for Waste Incineration, August 2006 

51 AEA (2009) Modelling of Selected Residual Waste Plant Options Using WRATE, Final Report to Welsh Assembly Government 

http://www.ukwin.org.uk/
http://www.ukwin.org.uk/
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The residual waste model used in the current analysis uses differing assumptions for the performance of 

incineration facilities for the different scenarios considered in the analysis with respect to their energy generation: 

 

 for the current scenarios, we assume the same performance as was indicated in the Phase 2 models, i.e., 

facilities are assumed to generate only electricity at a gross generation efficiency of 24%, in line with the 

previously cited review of the annual reports of UK incineration facilities - with the assumption being at the 

upper end of the range of efficiencies indicated by the reports for facilities generating only electricity52; and  

 for the enhanced scenarios, we assume that facilities operate in CHP mode, generating both electricity and 

heat at efficiencies of 13% and 47% respectively. These assumptions are in line with those developed in 

recent modelling undertaken for the WAG by AEA and with the 60% system efficiency formula developed by 

WAG53. 

In both cases, we assume the electricity generated by incinerators offsets the production of electricity that would 

otherwise have been generated using combined cycle gas turbine (CCGT) plant in line with UK government 

guidance54. Where heat generation is concerned, this is assumed to offset that from industrial and domestic gas 

boilers. Our model considers both the climate change and air quality impacts associated with this avoided 

generation based on data as previously outlined in Section 6.7.3. 

 

6.7.8 Summary of values by waste type for residual waste treatment 
 

The Tables that follow in this section confirm the impacts of residual waste treatment, expressed in both tonnes 

of CO2 equivalent and total damage costs (including both climate change and air quality impacts). Impacts are 

given for each of the waste components considered with the models. Table 110 confirms the impact of landfill, 

whilst Table 111 and Table 112 present the impacts associated with incineration for Phase 2 / Current Phase 3 

performance and Phase 3 enhanced performance respectively. 

                                                      
52 Reports available from http://www.ukwin.org.uk  

53 AEA (2009) Modelling of Selected Residual Waste Plant Options Using WRATE, Final Report to Welsh Assembly Government 

54 See, for example: DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change Economics, 
Department of Energy and Climate Change, July 2009 

http://www.ukwin.org.uk/
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Table 110: Environmental impacts of landfill by waste stream component (Phase 2 & 3) 

 

Excluding biogenic CO2 emissions  Including biogenic CO2 emissions 

Tonnes CO2 eq. 

 

Total damages 

(GHG + AQ) 
Tonnes CO2 eq. 

Total damages 

(GHG + AQ) 

News & pams 0.92 £124.31 1.31 £144.21 

Non-target fibre 1.39 £187.45 1.97 £217.13 

Brown board 1.18 £158.56 1.67 £183.60 

Grey & white board 1.18 £158.56 1.67 £183.60 

Cartons 1.23 £165.22 1.74 £191.32 

Plastic film (LDPE) 0.00 £0.96 0.00 £0.96 

Plastic bottles 0.00 £0.96 0.00 £0.96 

Dense plastic 
Packaging 

0.00 £0.96 0.00 £0.96 

Dense plastic (non-
packaging) 

0.00 £0.96 0.00 £0.96 

Textiles 0.66 £89.66 0.94 £103.72 

Glass 0.00 £0.96 0.00 £0.96 

Ferrous cans 0.00 £0.96 0.00 £0.96 

Other ferrous 0.00 £0.96 0.00 £0.96 

Aluminium cans 

(UBC) 
0.00 £0.96 0.00 £0.96 

Other non-ferrous 0.00 £0.96 0.00 £0.96 

Garden waste 0.76 £103.38 1.07 £119.35 

Food waste 0.55 £79.52 0.73 £88.64 

Hazardous 0.00 £0.96 0.00 £0.96 

WEEE 0.00 £0.96 0.00 £0.96 

Other: misc / fines 0.61 £83.09 0.87 £96.11 
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Table 111: Impacts of incineration by waste stream component (Phase 2 & Phase 3 current) 

 

Excluding biogenic CO2 emissions  Including biogenic CO2 emissions 

Tonnes CO2 eq. 

 

Total damages 

(GHG + AQ) 
Tonnes CO2 eq. 

Total damages 

(GHG + AQ) 

News & pams -0.30 £15.37 0.98 £80.61 

Non-target fibre -0.30 £15.38 1.14 £88.59 

Brown board -0.30 £15.56 0.86 £74.51 

Grey & white board -0.30 £15.56 0.86 £74.51 

Cartons -0.04 £31.61 1.17 £93.05 

Plastic film (LDPE) 1.66 £126.77 1.66 £126.77 

Plastic bottles 1.69 £128.38 1.69 £128.38 

Dense plastic 
Packaging 

1.69 £128.38 1.69 £128.38 

Dense plastic (non-
packaging) 

1.69 £128.38 1.69 £128.38 

Textiles -0.34 £14.87 0.68 £67.23 

Glass 0.01 £24.03 0.01 £24.03 

Ferrous cans -0.52 -£3.70 -0.52 -£3.70 

Other ferrous -0.52 -£3.70 -0.52 -£3.70 

Aluminium cans 

(UBC) 
0.05 £24.42 0.05 £24.42 

Other non-ferrous 0.05 £24.03 0.05 £24.03 

Garden waste -0.17 £19.40 0.79 £68.36 

Food waste -0.06 £22.97 0.40 £46.51 

Hazardous 0.01 £24.03 0.01 £24.03 

WEEE 0.01 £24.03 0.01 £24.03 

Other: misc / fines 0.26 £44.81 0.82 £73.56 

 



 

 

 

Table 112: Environmental impacts of incineration by waste stream component (Phase 3 enhanced) 

 

Excluding biogenic CO2 emissions  Including biogenic CO2 emissions 

Tonnes CO2 eq. 

 

Total damages 

(GHG + AQ) 
Tonnes CO2 eq. 

Total damages 

(GHG + AQ) 

News & pams -0.55 -£1.72 0.73 £63.51 

Non-target fibre -0.55 -£1.72 0.89 £71.49 

Brown board -0.55 -£1.62 0.61 £57.33 

Grey & white board -0.55 -£1.62 0.61 £57.33 

Cartons -0.38 £7.55 0.82 £68.99 

Plastic film (LDPE) 1.06 £84.69 1.06 £84.69 

Plastic bottles 1.06 £83.69 1.06 £83.69 

Dense plastic 
Packaging 

1.06 £83.69 1.06 £83.69 

Dense plastic (non-
packaging) 

1.06 £83.69 1.06 £83.69 

Textiles -0.62 £14.44 0.40 £47.92 

Glass 0.03 £22.12 0.03 £22.12 

Ferrous cans -0.53 -£3.81 -0.53 -£3.81 

Other ferrous -0.53 -£3.81 -0.53 -£3.81 

Aluminium cans 

(UBC) 
0.04 £25.08 0.04 £25.08 

Other non-ferrous 0.04 £22.12 0.04 £22.12 

Garden waste -0.33 £8.72 0.63 £57.68 

Food waste -0.14 £17.66 0.32 £41.20 

Hazardous -0.03 £22.12 0.03 £22.12 

WEEE -0.03 £22.12 0.03 £22.12 

Other: misc / fines 0.01 £27.40 0.57 £56.15 

 

 

6.7.9 Source separated organic waste 
 

Impacts associated with the treatment of source separated organic material are considered in Phase 3 of the 

study. Our model assumes the same tonnage of organic material is treated across all of the current and all of the 

enhanced scenarios.  

 

Composting 

Our assumptions for modelling the impacts of composting have been outlined in recent work undertaken on 

behalf of the European Commission, and were developed from an earlier study on the management of biowastes 

from households undertaken on behalf of WRAP55.  

 

Assumptions for windrow composting are presented in Table 113 whilst those for in-vessel facilities are given in 

Table 114. In-vessel facilities are assumed to use a scrubber before a biofilter to reduce NH3 and N2O emissions, 

but also to use more energy. The two types of process also produce different compost, which is largely a 

                                                      
55 Arcadis / Eunomia (2010) Assessment of the Options to Improve the Management of Bio-waste in the European Union, Final 
Report for European Commission DG Environment, February 2010; Eunomia (2006) Managing Biowastes from Households in 
the UK: Applying Life-cycle Thinking in the Framework of Cost-benefit Analysis, Final report for WRAP, May 2006 
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reflection of the different nutrient content of the feedstock (whilst windrow facilities accept only green waste, in-

vessel plant will treat a mixture of food and green). 

 

 

Table 113: Assumptions for windrow composting 

Parameter Assumption 

CH4 emissions from process 0.05kg / t input 

N2O emissions from process1 0.117kg / t input 

Non-degraded carbon (retained in biomass)  30% 

Electricity requirement 0kWh / t input 

Diesel use by process 1l / t input 

Mineralisation rate of readily available organic matter2 20% 

Mineralisation rate of stable humus 1% 

% of organic matter from compost becoming stable humus 25% 

Nutrient content of compost (dry basis) 

Nitrogen 

Phosphorus 

Potassium 

 

1.07% 

0.47% 

0.42% 

Emissions avoided – displacement of fertiliser use (per kg nutrient)3 

Nitrogen 

Phosphorus 

Potassium 

 

8.88kg CO2 eq. / kg 

1.81kg CO2 eq. / kg 

0.50kg CO2 eq. / kg 

Additional conversion of nitrogen to N2O through fertiliser use4  0.05% 

Air quality impacts of composting process 

NH3 

VOCs 

 

791 

24 

Notes: 

1. No abatement equipment is used as the process is an open air one. 

2. The mineralisation rate is the rate at which carbon contained within the organic matter (or humus) is 
assumed to become atmospheric CO2. 

3. These avoided emissions equate to the amount of energy required to produce fertiliser. The fertiliser 
requirement is assumed to be is displaced as a result of applying the compost to land. 

4. These emissions of N2O are assumed to be avoided through the use of compost as a replacement to 
synthetic fertiliser 

 



 

 

 

Table 114: Assumptions for in-vessel composting 

Parameter Assumption 

CH4 emissions from process 0.700kg / t input 

N2O emissions from process1 0.079kg / t input 

Non-degraded carbon (retained in biomass)  30% 

Electricity requirement 30kWh / t input 

Diesel use by process 0.3l / t input 

Mineralisation rate of readily available organic matter2 20% 

Mineralisation rate of stable humus 1% 

% of organic matter from compost becoming stable humus 25% 

Nutrient content of compost (dry basis) 

Nitrogen 

Phosphorus 

Potassium 

 

2.25% 

0.40% 

1.50% 

Emissions avoided – displacement of fertiliser use (per kg nutrient)3 

Nitrogen 

Phosphorus 

Potassium 

 

8.88kg CO2 eq. / kg 

1.81kg CO2 eq. / kg 

0.50kg CO2 eq. / kg 

Additional conversion of nitrogen to N2O through fertiliser use4  0.05% 

Air quality impacts of composting process (g per tonne of feedstock) 

NH3 

VOCs 

 

8 

24 

Notes: 

1. The facility is assumed to use both a biofilter and a scrubber. 

2. The mineralisation rate is the rate at which carbon contained within the organic matter (or humus) is 
assumed to become atmospheric CO2. 

3. These avoided emissions equate to the amount of energy required to produce fertiliser. The fertiliser 
requirement is assumed to be is displaced as a result of applying the compost to land. 

4. These emissions of N2O are assumed to be avoided through the use of compost as a replacement to 
synthetic fertiliser 

 

Anaerobic digestion 

As was the case for the composting module, our assumptions for modelling the Anaerobic Digestion process have 

been outlined in recent work undertaken on behalf of the European Commission, and were developed from an 

earlier study on the management of biowastes from households undertaken on behalf of WRAP56.  

 

For the current study, we assume that the biogas is combusted in a gas engine generating heat and power, and 

that the digestate is used in its raw state rather than being subsequently stabilised (as is the case in some 

European plant). Table 115 presents our assumptions for modelling the digestion process and the use of 

digestate, whilst Table 116 outlines the data regarding the air quality impacts resulting from the combustion of 

biogas in the gas engine.  

 

 

                                                      
56 Arcadis / Eunomia (2010) Assessment of the Options to Improve the Management of Bio-waste in the European Union, Final 
Report for European Commission DG Environment, February 2010; Eunomia (2006) Managing Biowastes from Households in 
the UK: Applying Life-cycle Thinking in the Framework of Cost-benefit Analysis, Final report for WRAP, May 2006 
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Table 115: Assumptions used to model digestion process 

Element Parameter Assumption 

Digestion 

process 

Dry matter content of food waste 30% 

Volatile solids degradation 70% 

Volatile solids as % of dry matter 88% 

Methane yield 360m3 / tonne volatile solids 

Parasitic load 

Electricity 

Heat  

 

34kWh 

123kWh 

Biogas 

combustion 

Gross efficiency of generation – gas engine 

Electricity 

Heat1  

 

37% 

40% 

Use of 

digestate 

Proportion of organic carbon that degrades 95% 

Avoided N2O emissions None 

Emissions avoided – displacement of fertiliser use (per kg 

nutrient) 

Nitrogen 

Phosphorus 

Potassium 

 

8.88kg CO2 eq. / kg 

1.81kg CO2 eq. / kg 

0.38kg CO2 eq. / kg 

Notes 

1. We further assume that 60% of the heat generated can be utilised (to take into account seasonal 

fluctuations in demand) 

 

 

Table 116: Air quality impacts from biogas combustion assumed in this study 

Pollutant 
Emissions from biogas combustion (g / tonne of 

waste to facility) 

Carbon Monoxide (CO) 200 

Dust 20 

Nitrous Oxides (NOx) 250 

Hydrocarbons 40 

Sulphur Dioxide (SO2) 20 

Source: EML Air PTY (2008) Test Report Prepared for Eastern Creek Operations, report for Global Renewables 

Ltd, April 2008 
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