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11..00  IINNTTRROODDUUCCTTIIOONN  
Eunomia Research & Consulting, with Avon Friends of the Earth and Network Recycling, were 
asked by the Community Recycling Network (CRN) to carry out research aimed at assessing: 
 

1. What levels of recycling and composting could be achieved using approaches to materials 
collection which are already in place in England? 

2. What levels might be achieved where schemes were enhanced, and with more supportive 
policies in place? and 

3. Which treatments for the remaining materials (the residual waste) should be used? 
 
In order to shed light upon the first two questions, we have looked at good practice schemes 
currently operating in the UK and assessed these in the light of the variation in performance with 
socioeconomic characteristics. We have then gone on to look at the potential to extend this 
performance through improving service delivery and promotion and through the implementation 
of new policies. To demonstrate this is achievable, reference is made to the performance and key 
policies adopted in other countries. 
 
To shed light upon the answer to the second question, we have carried out a life-cycle impact 
assessment of several residual waste options. This is set alongside consideration of more strategic 
issues which ought to be considered in formulating waste strategies.   
 
The work has been funded by Friends of the Earth and Biffaward under the Landfill Tax Credits 
Scheme, and we are grateful to both for their willingness to support this research. 
 
It proceeds in the following manner: 

 
Part A: Recycling Rates Today and Tomorrow 
Part B: Dealing with Residual Waste 
Part C: Conclusions and Recommendations 
 

 
 
 
 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 2

 
 
 
 
 
 
 

PART A 
 

RECYCLING RATES TODAY  
AND TOMORROW 

 
 
 
 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 3

 

22..00  CCUURRRREENNTT  GGOOOODD  PPRRAACCTTIICCEE  
This section aims to identify the capture rates and yields that are achieved by good practice 
recycling services currently operating in England. The analysis highlights the variation in 
performance related to socioeconomic factors. Recycling yields are considered for the main 
household waste streams: bin waste (through recycling and composting collections), Civic 
Amenity Site waste and, briefly, other household waste, which includes street sweepings, litter 
and clinical and bulky waste collections. 

22..11..  BBiinn  wwaassttee  
The highest recycling rates for ‘bin’ waste1 are achieved by kerbside collection services. 
Performance depends on the services and the characteristics of residents served. Service features 
influencing performance include: 
 
range of materials collected,  
convenience;  
reliability; 
customer care; 
effectiveness of the service introduction and its on-going promotion. 

 
Materials that make the greatest contribution to recycling performance by weight are those that 
account for the majority of bin waste: garden and food waste, paper, cardboard and glass. Other 
materials, such as plastics, cans, textiles and foil, can make a further contribution. Householder 
participation is greatly encouraged through the provision of a container and a weekly collection 
frequency2. 
 
The convenience of the refuse collection service can have a positive or negative influence on 
recycling. The provision of 240-litre wheeled bins can increase refuse arisings compared to the 
use of smaller bins or refuse sacks3 and so suppress recycling performance. This may be mostly 
due to the acceptance of garden waste by most services providing wheeled bins. Alternating 
services, with recycling (and/or composting) collections made one week and refuse the next, can 
have a positive impact on recycling performance, but only if this arrangement is accepted by 
residents. The case for less frequent refuse collections is easier to make if a separate service is 
offered for putrescible fractions. Where implemented successfully, such as in Daventry, Eastleigh 
and Wealden, the recycling performance of alternating collection services at least matches that of 
separate weekly recycling and refuse collections, and at significantly lower cost. 
 

22..11..11..  DDeemmooggrraapphhiicc  VVaarriiaabblleess  
Variations in recycling performance are also associated with the characteristics of residents 
served. A recent study in Bristol4 found that, in order of statistical significance, the following 
demographic variables were most associated with variation in recycling participation: 

                                                      
1 Bin waste in this study refers to materials accepted by refuse collections and kerbside or bring recycling 
collection services for these materials. 
2 David Mansell (1995) The Development of Bath's Green Box Recycling System; Municipal Engineer - 
Proceedings of the Institute of Civil Engineering, Vol. 109 (1), pp. 29-34. 
3 The Audit Commission suggested the increase in refuse arisings resulting from the introduction of 240-
litre wheeled bins could be up to 25%, although this does not take account of any reductions that may also 
occur in waste deposited at Civic Amenity Sites (Audit Commission (1997) Waste Matters: Good Practice 
in Waste Management, pp. 20-21). 
4 David Mansell (2001) Bristol Recycling Participation Study; Report for The Recycling Consortium 
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1. Socioeconomic status, as indicated by property values (Council Tax bands). Participation 

increased with property values. 
2. Housing tenure. Participation was higher for owner occupiers and lower for rented 

accommodation. 
3. Retirement and employment status: participation was higher for retired householders and 

lower for unemployed householders. 
4. Length of residence. Participation was higher for householders who had lived in the area 

for over two years and lowest for those living in the area for less than six months. 
5. Age. Participation was higher for householders aged 60-74 and lower for those aged 16-

34. 
6. Households with children and their age. Participation was higher for households with two 

or more adults and no children, and lower for households with children aged 0-4 and 
single adult households with children. 

 
Figure 1 illustrates how recycling participation (households putting out at least once during a four-
week period) increases with property values, as indicated by Council Tax bands, in Bristol. This 
also shows that paper and glass are the most commonly recycled materials through Bristol's 
kerbside collections. Plastic bottles had been added to the materials accepted shortly before the 
monitoring was undertaken and so may not be representative of an established service, or one in 
which plastic bottles were accepted from the start. Recycling participation for cans was less than 
for other materials and did not increase to the same extent with property values. 
 

Figure 1: Material Recycling by Council Tax Band in Bristol (September 2000) 

 
Figure 2, also from the Bristol Recycling Participation Study4, illustrates differences in recycling 
behaviour between an area with low property values (mainly Council Tax bands A and B) and mid 
values (mainly Council Tax bands C and D). Material capture rates were much higher in the mid-
value property area, especially for paper and glass. However, the overall weight of recyclables 
arising in the low-value property area (3.7 kg/hh/week) was less than in the mid-value property 
area (5.5 kg/hh/week). Therefore, in the low-value property area not only is recycling participation 
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low, but also the quantities of recyclable materials arising, especially paper and glass, are 
comparatively low. 
 

Figure 2: Recyclables Collected for Recycling and in Refuse for Disposal 

 
The Bristol study highlights characteristics of residents currently related to differences in 
recycling performance. Other studies have found similar characteristics to be related to recycling 
behaviour5. However, there may be additional household characteristics related to recycling 
performance in other areas, which were not significant in the areas studied in Bristol. 
 
ECT Recycling has observed that high rise housing and ethnic minority populations are related to 
lower recycling yields on recycling collections in several London Boroughs6. 
 
It is sometimes claimed that the low density of housing found in rural areas also influences 
recycling performance. Recycling yields may be slightly lower in these areas due to lower 
consumption of goods such as newspapers, which may be purchased less frequently where shops 
are less accessible and a delivery service not available. However, it often seems that claims about 
the difficulty of recycling in rural areas are related more to the perceived cost-effectiveness of 
providing a collection service in such areas. Collection costs may be higher due to the greater 
travelling distances, but this can be at least partially addressed through using smaller vehicles and 

                                                      
5 For example: 
David Mansell (1986) Appraisal of Tyne Wear Wastesaver; Undergraduate Project, University of East 
Anglia. 
Jane Forshaw et al. (1990) Fashionable Waste: The Make-up of A Recycler, SWAP 
Rebecca Gwynne-Jones & Gundula Wegener (1992) Technical Supplement to Recycling City and Beyond 
Aylesford Newsprint (1998) The Aylesford Newsprint Recycling Report 1998 
Peter Tucker et al. (1998) Material Capture Rates in Household Waste Recycling Schemes, Environmental 
& Waste Management, 1 (3), pp. 169-182. 
Waste Watch (1999) What People Think About Waste 
Onyx Environmental Trust (1999) National Survey on Waste; Oxford Brookes University 
6 Personal communication - Andy Bond, ECT Recycling. 
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crews, which is justified by the different nature of collection rounds in rural areas. Refuse 
collections are provided to all households throughout England and already make these sort of 
adjustments, so there may be little real reason why a similar approach should not be adopted for 
recycling collections. Also, the avoided costs of refuse collection may be higher. 
 
Demographic variables, such as housing tenure, age, ethnicity and length of residence are most 
likely to be locally significant within Districts in causing variation in recycling performance. They 
are also likely to be related to some of the variation in recycling performance between different 
local authority areas. However, the most significant demographic variable that is likely to be 
related to differences in recycling performance is the socioeconomic status of residents. There are 
a variety of indicators for this, such as measurements of household income or socioeconomic 
classifications based on occupation. Council Tax bands will be less useful for indicating 
socioeconomic variation between Districts because of the large variation in housing costs around 
the country. 

22..11..22..  PPeerrffoorrmmaannccee  VVaarriiaattiioonnss  
This report uses the Index of Multiple Deprivation 20007 to establish the extent to which variation 
in recycling performance between local authority Districts is related to variation in the 
socioeconomic status of residents. This uses up-to-date information from 33 indicators to describe 
deprivation at ward level, with average ward scores calculated for the District level. The indicators 
cover a range of factors focusing on income, employment, health and disability, education, skills 
and training, housing and geographical access to services. 
 
Table 1 shows recycling performance data for 2001/02 supplied by a range of local authorities 
across the range of deprivation scores8. These areas were chosen on the basis that they represent 
good current practice for recycling of bin waste in England. Only areas with near District-wide 
coverage of weekly or alternating kerbside recycling collections or mini-recycling centres for flats 
were selected, so that the performance data could be matched to deprivation scores. Recycling 
yields for each area have been calculated as annual kilogrammes collected per household, which 
enables performance comparisons to be made between local authority areas regardless of their 
population size. 
 
The yields for cans, shown in Table 1, are much higher in Daventry and Eastleigh than in the other 
areas, suggesting that services involving alternating refuse collections (on a fortnightly cycle) may 
be more successful for this material than services where refuse collections continue to be provided 
every week. The paper yield in Eastleigh is also very high in comparison to the other areas. 
However, waste composition data9 shows that overall paper arisings in Eastleigh (250 kg/hh/yr) 
are also twice the English average (122 kg/hh/yr)10. The glass yield in Bristol also appears high in 
relation to its deprivation score and other material yields. As the glass bank tonnage in Bristol is 
high and there is a kerbside service for glass, one possible explanation may be that quantities 
collected from commercial sources have been included with the bank tonnage (operationally the 
services were linked in 2001/02), so artificially inflating the quantities apparently collected from 
household sources. 

                                                      
7 Department of Environment, Transport and the Regions (2000) Indices of Deprivation 2000 
8 80% of local authorities have deprivation scores between 9.7 and 39. 10% have scores below 9.7 and 10% 
above 39. Recycling data for kerbside collections and bring schemes (banks) only are shown, excluding 
collections at Civic Amenity Sites. 
9 Resource Recovery Forum (2001) - Assessment of Kerbside Collection Schemes for Dry Recyclables, 
Report by Waste Research Ltd and AEA Technology. Bank yields (using data supplied by the Council) have 
been added to the recycling yields shown in this report, as these were not taken into account in the analysis 
presented. 
10 Calculated from composition data in Appendix 1. Glass container arisings in Eastleigh (51 kg/hh/yr) are 
below the average for England (69), plastics bottles (22) close to average (18) and cans (30) close to the 
average (28). 
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Table 1: Recycling Performance by Deprivation 2001/02  
 Eastleigh Daventry New Forest Bath &NES Hounslow Peterboro' Bristol Lambeth Leicester 

Year 2001/02 2001/02 2001/02 2001/02 2001/02 2001/02 2001/02 2001/02 2001/02 

District Deprivation Score 10.6 10.8 12.5 13.7 25.8 27.3 28.5 38.3 40.2 

Households in District 47,000 28,000 75,599 72,000 86,000 67,000 169,245 130,000 117,000 

Kerbside/MRC Coverage 100.0% 100.0% 79.4% 98.6% 84.9% 98.5% 87.7% 76.9% 94.0% 

Kerbside Container Green Bin Twin Boxes Clear Sack Green Box Green Box Green Box Black Box Green Box Green Bag 

Kerbside Frequency Alternating Weekly/Alt Weekly Weekly Weekly Weekly Weekly Weekly Weekly 

Main Sorting Point MRF Kerbside MRF Kerbside Kerbside MRF Kerbside Kerbside MRF 

MRF Reject Rate 15.0% <0.5% 10.0% <0.5% 1.0% 6.5% <0.5% <0.5% 18.0% 

KERBSIDE/MRC TONNES          

Paper 5,709 2,550 5,082 6,568 4,960 4,815 9,045 4,460 5,359 

Cardboard & Paper Packaging 1,182  2,261  600 1,319   1,601 

Glass Containers  1,500  3,170 2,310  4,940 2,596 - 

Steel Cans 512 312 415 340 258 143 457 148 298 

Aluminium Cans 70 39 41 31 37 20 85 21 30 

Plastic Bottles 460 250 498 19  244 31  282 

Textiles  20  211 102 34 159 85 - 

Other (foil, batteries, etc) 107   63 3  160 1 92 

TOTAL - TONNES 8,041 4,670 8,297 10,402 8,270 6,574 14,877 7,311 7,662 

BANKS (Exc. CAS) TONNES          

Paper 281  1,962 510 1,104 603 817 553  695 

Cardboard          - 

Glass Containers 1,746  2,969 447 514 999 2,124 557  1,352 

Steel Cans 4.0  39.0 0.9 10.6 10.2  3.2  10.0 

Aluminium Cans   5.0 0.2 1.5 1.5  0.5  25.0 

Plastic Bottles   76 0      10 

Textiles 237  378 5 152.3 95.2 71 134 150 

Other (foil, books, etc) 14   29  5.03  5.5 0 

TOTAL - TONNES 2,282 0 5,429 992 1,783 1,714 3,012 1,253  2,242 

KERBSIDE & BANKS - KG/HH          

Paper 127.5 91.1 93.2 98.3 70.5 80.9 58.3 38.6  51.7 

Cardboard 25.2  29.9  7.0 19.7   13.7 

Glass Containers 37.1 53.6 39.3 50.2 32.8 14.9 41.7 24.3  11.6 

Steel Cans 11.0 11.1 6.0 4.7 3.1 2.3 2.7 1.2  2.6 

Aluminium Cans 1.5 1.4 0.6 0.4 0.4 0.3 0.5 0.2  0.5 

Plastic Bottles 9.8 8.9 7.6 0.3  3.6 0.2  2.5 

Textiles 5.0 0.7 5.0 3.0 3.0 1.9 1.4 1.7  1.3 

Other 2.6   1.3 0.0 0.1 0.9 0.1  0.8 

TOTAL – KG/HOUSEHOLD 219.6 166.8 181.6 158.3 116.9 123.7 105.7 65.9  84.6 

Kerbside/MRC Contribution 77.9% 100.0% 60.4% 91.3% 82.3% 79.3% 83.2% 85.4% 77.4% 

Bank Contribution 22.1% 0.0% 39.6% 8.7% 17.7% 20.7% 16.8% 14.6% 22.6% 

 
NOTES AND ABBREVIATIONS FOR TABLE 1: 
 
MRCs: Mini-recycling centres (also known as near entry recycling containers) provided for recycling from blocks of 
flats and high-rise housing. 
 
ALTERNATING COLLECTIONS: Daventry has weekly recycling collections and fortnightly composting and refuse 
collections on alternate cycles; Eastleigh has fortnightly recycling and refuse collections on alternate cycles. 
 
CAS: Civic Amenity Sites - Table 1 shows data for kerbside and bring recycling services only, excluding recycling at 
Civic Amenity Sites. 
 
CO-MINGLED COLLECTIONS AND MRFs: Schemes that use MRFs (Material Recovery Facilities) as the main 
sorting point collect material co-mingled. These schemes do not fully separate all paper and card but also supply a lower 
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value mixed paper and card grade. Composition data was used for these schemes to quantify the split in the mixed grade 
between paper and cardboard.  
 
REJECT RATE: Materials, including contaminants, sent for disposal instead of recycling from MRFs. All quantities in 
Table 1 are shown net (after deduction) of rejects. 
 
BATH & NORTH EAST SOMERSET: Kerbside coverage includes about 4,000 households in blocks of flats served by 
Mini-Recycling Centres. Other kerbside materials are foil, car batteries and engine oil. Plastic bottles serve trial areas 
only. 
 
BRISTOL: Kerbside coverage includes about 8,500 households living in blocks of flats and high-rise housing served by 
Mini-Recycling Centres (yields for these are about 40 kg/hh/yr). Other kerbside materials are foil, spectacles, car 
batteries and engine oil. Plastic bottles serve trial areas only. 
 
DAVENTRY: No bring service except at Civic Amenity Sites. 
 
LAMBETH: 75,000 low-rise houses. 25,000 high-rise households served by 330 Near Entry Recycling Container 
Systems. 87.8% of tonnage from low-rise (85.6 kg/hh/yr). 12.2% from high-rise (35.7 kg/hh/yr). 
 
LEICESTER: Other material is plastic sacks provided for kerbside collections. 
 
NEW FOREST: Kerbside coverage currently limited by MRF capacity. 
_____________ 
 
 
Figures 3-8 show the material recycling yields plotted against deprivation scores for the local 
authority areas in Table 1.11. 
 
The R2 values (the Coefficient of Determination) are relatively high (over 0.6) for these four 
materials, indicating that much of the variation in yields is associated with variation in deprivation 
scores (an R2 value of one indicates 100 per cent association). This shows that there is a strong 
relationship between recycling performance and deprivation, with recycling falling as deprivation 
increases. 
 
Also shown in Figures 3-8 are recyclable materials in refuse collection arisings (bin waste 
residuals) plotted against deprivation scores for local authority areas that were used as part of the 
national composition estimates shown in Appendix 112. Trendlines for these relationships also 
show strong associations between the quantity of recyclables found in bin waste residuals and 
deprivation scores, with the quantity of recyclables put out with refuse increasing with 
deprivation. 
 

                                                      
11 Eastleigh, Daventry, Peterborough and Leicester have been excluded from the chart for glass recycling 
yields (4) as they only provide collection banks for glass and recycle less than the areas with kerbside 
collections for glass. Bath & NE Somerset and Bristol have been excluded from the chart for plastic bottle 
recycling yields (Figure 6) as currently they only operate collections for this material in trial areas. Eastleigh 
and Daventry have been included in the chart for cans recycling yields (5) - if they are excluded from this 
chart, the R2 value increases to 0.76 and the profile of the trendline is flatter.  
12 Data was only used which was most likely to be representative of the overall local authority area, by only 
including data based on samples including 3 or more ACORN groups and analyses undertaken in at least 2 
different seasons. 
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Figure 3: Paper Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Figure 4: Glass Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Figure 5: Cans Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Figure 6: Plastic Bottles Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Figure 7: Cardboard Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Figure 8: Textiles Put Out for Recycling and in Refuse: Annual Household Arisings v Deprivation Score 
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Using the formulas for trendlines of recycling yields from Figures 3-8, material yields for the 
average English household, by deprivation score13, can be calculated as shown in Table 2. 

Table 2: Recycling Yields and Capture Rates 

AVERAGE ENGLISH 
HOUSEHOLD 

EASTLEIGH 
DISTRICT 

MILLENNIUM 
SCHEME 

Kg/Household/Year  

Arising in 
Bin Waste 

Recycling 
Yield 

Capture 
Rate 

Recycling 
Yield 

Kg/Hh/Yr 

Capture 
Rate 

Recycling 
Yield 

Kg/Hh/Yr 

Capture 
Rate 

Paper 121.8 73.9 61% 176 71% 158 77% 

Cardboard 46.4 17.9 39% 34 58% 23 59% 

Glass Containers 69.2 38.5 56% 35 67% 61 71% 

Plastic Bottles 18.3 5.3 29% 13 61% 7 48% 

Cans 28.2 4.9 18% 17 56% 7 33% 

Textiles 27.9 2.3 8% 6 20% 11 57% 
 
To confirm that these formulas are representative, it is worth giving further consideration to 
whether they reflect the influence of factors that may not be associated with variations in 
deprivation scores, such as recycling in rural areas and collecting from high-rise housing. 
Daventry is a mainly rural area14 and achieves a recycling performance in line with the material 
trendlines, with the exception of paper (slightly under trendline) and cans (well above trendline, 
which may be related to the integrated collection services provided). If recycling yields are 
slightly lower in rural areas due to lower consumption of goods, such as newspapers, this would 
be partially reflected in the relationship with deprivation scores, because these scores are 
calculated to partially reflect lack of access to services due to distance from where they are 
located. 
 
It is clear that high-rise housing has an influence on recycling performance. Yields for high-rise 
housing are only 42% of those achieved for low-rise housing in Lambeth, and in Bristol yields 
from mini-recycling centres for blocks of flats are about 38% of those achieved for all households 
throughout the City (see notes to Table 1). However, Lambeth includes a high proportion of high-
rise housing (at least 19%15) and its recycling performance is in line with the material trendlines 
shown in Figures 3-8. This may be due to areas with high-rise housing being included in the 
analysis undertaken for this study as well as, in many cases, the proportion of high-rise housing in 
an area being at least partially associated with variations in deprivation scores. 
 
It appears that variations in recycling performance in areas with high-rise housing or in rural areas 
are reflected in the relationships shown for material recycling yields and deprivation scores shown 
in Figures 3-8. Therefore, as they also importantly reflect socio-economic status, these 
relationships should provide a realistic indication of the recycling performance that would be 
achieved if current best performance recycling services were provided throughout England. They 

                                                      
13 The average ward deprivation score for England is 25.42, which is calculated by taking the average 
(mean) score for all Districts weighted by the number of households in each District. 
14 Daventry District covers 257 square miles and is made up of 74 parishes plus the expanding town of 
Daventry, where 21,000 of the District’s 70,000 population live. Three larger villages each have a 
population of more than 3000, but more than half of the District's 78 villages have populations of less than 
300. Source: www.daventrydc.gov.uk 
15 18% of UK households live in flats, but many of these will not be high-rise. Source: Social Trends 2001. 

www.daventrydc.gov.uk
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also provide a benchmark of the recycling performance expected in a local authority area with 
current good practice recycling services. 
 
The material recycling yields from Figures 3-8 together with average bin waste arisings for 
English households16 and consequent capture rates are shown in Table 2. Also shown, for 
comparison, are yields and capture rates calculated from waste and recyclables composition 
analysis undertaken for Eastleigh9, and a high performance kerbside trial (Millennium Recycling 
Scheme) set-up by the University of Leeds in the Cottingley suburb of Bradford17. 
 
Eastleigh and the area for the Bradford millennium trial both have low deprivation levels and, as 
would be expected, achieve capture rates considerable above those calculated for the average 
English household. A weekly set out rate of up to 95% has been measured in Eastleigh9 
(participation over a standard 4-week period could be higher) and participation rates (measured 
over standard 4-week periods) of about 90% were consistently measured over 6 months for the 
143 households covered by the Bradford trial17. 
 
Table 3 shows material yields per household across a range of deprivation scores using the 
formula from the trendlines shown in Figures 3-8 (except the yield for ‘other’ materials, which is 
adjusted pro rata in relation to paper yields). These reflect the recycling performance expected for 
the average English household, by deprivation scores, where current good practice recycling 
services are provided and at points 10 per cent from the top and bottom of the range of deprivation 
scores for English local authorities. 
 

Table 3: Bin Waste Recycling Yield Across Deprivation Range 

Deprivation Score 25.42 9.70 39.00 

Kg/Hh/Year 
England Average 

Mid-Deprivation Point 
England Low 

Deprivation 10% Point 
England High 

Deprivation 90% Point 

Paper 73.9 107.1 45.2 

Cardboard 17.9 26.3 10.7 

Glass 38.5 54.4 24.7 

Plastic Bottles 5.3 9.0 2.1 

Cans 4.9 9.5 1.0 

Textiles 2.3 3.3 1.4 

Other (foil, etc) 0.8 1.2 0.5 

TOTAL 143.7 210.9 85.6 

 
It is important to note that these recycling levels are not fixed and that they do not represent 
maximum levels achievable. As noted above, recycling performance varies with other household 
factors, such as age and presence of young children. Also, material consumption patterns vary, 
which can then influence recycling yields achieved, as appears to be demonstrated for paper 
arisings and recycling in Eastleigh. Over time, it is also to be hoped that deprivation will be 
reduced and so different socioeconomic measures may then be required to test associations with 
variations in recycling performance. In particular, it is to be hoped that the position will be 
reached when the development of local recycling services is part of an effective regeneration 
package that reduces deprivation within an area. Lastly, both improvements in service and 
                                                      
16 See Appendix 1. 
17 John Barton, Darren Perrin & Jennifer Barton (2001) The Millennium Recycling Scheme, School of Civil 
Engineering, University of Leeds 
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changes in the enabling framework are likely to have an impact upon recycling rates, which may 
also reduce the influence of socioeconomic variables, such as deprivation scores, upon these rates 
(this issue is discussed further later in the report). 
 
The formulas shown by the trendlines in Figures 3-8 for recycling yields and residual refuse 
arisings can be used to calculate total bin waste arisings (by combining results from both sets of 
formulas). These combined bin waste totals are mostly higher than shown by the national arisings 
estimates shown in Appendix 1 (13% higher for plastic bottles, 27% higher for glass and 43% 
higher for paper). One likely reason for this is that the recycling services in the areas used for 
refuse composition in Figures 3-8 are not as good as in the areas used for their recycling data, 
which were selected on the basis that they have current good practice services. 
 
To overcome the problem of recyclables appearing to be double-counted in the recycling and 
refuse data, Figures 9-1218 show adjusted data for residual refuse arisings. This adjustment has 
been made by uniformly deducting, across the range of deprivation scores, the additional arisings 
over the national composition estimates (in Appendix 1) that are obtained when the recycling 
yields and unadjusted bin waste residual arisings are combined. Total bin waste arisings, which 
match the national estimates, can then be calculated for each material by combining the recycling 
and revised refuse data set. 
 
This adjustment may not entirely reflect the true situation for bin waste residual arisings, but it 
does enable a more realistic understanding to be gained of bin waste arisings and recycling than is 
possible from the recycling and unadjusted refuse data sets. 
 
Figures 9-12 suggest that the quantity of recyclables put out with refuse increases with deprivation 
- the opposite trend to recycling yields. Total residual arisings for paper, glass and plastic bottles 
fall as deprivation increases, but total arisings of cans increases with the level of deprivation.  
 
Figure 9 indicates that with current good practice recycling schemes, households recycle more 
paper than they throw away until deprivation scores reach about 34, when more paper is thrown 
away than recycled. Figure 10 indicates more glass is separated for recycling until a deprivation 
score of about 31 is reached. With cans and plastic bottles, more are thrown away than recycled 
across all, or most of, the deprivation scale, with the quantity thrown away increasing with higher 
deprivation scores. 
 
These Figures are helpful for understanding current recycling activity in England and explaining 
why different levels of recycling performance are achieved in different local authority areas when 
apparently similar services are provided. The relationships established by this analysis also offer a 
fairer method of establishing a starting point for the setting of statutory recycling targets for local 
authorities than the current more arbitrary method adopted, which is based on past performance (it 
can be justifiably argued that this rewards previous poor performance and penalises previous good 
performance, although at least the latter group is more likely to aspire to higher targets)19. The 
rationale for local authority-specific targets remains open to question in the more general (and 
dynamic) sense. 
 

                                                      
18 Please note that regrettably there are errors in Figures 3 and 4 of the summary printed version of this 
research. Correct versions are shown in this full report, in which these charts are numbered as Figures 9 and 
10. 
19A graphical comparison of trends for local authority deprivation scores and statutory recycling targets 
shows that the targets applied do tend to increase as deprivation falls, but that there are many authorities 
with targets that do not much their deprivation ranking. When local authorities are ranked according to their 
recycling targets, the trendline for recycling targets plotted against this scale has a R2 value of 0.24. Some 
analysis of this relationship is presented in Appendix 2. 
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Figure 9: Paper Put Out for Recycling and in Refuse (adjusted): Annual Household Bin Waste Arisings v Deprivation Score 
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Figure 10: Glass Put Out for Recycling and in Refuse (adjusted): Annual Household Bin Waste Arisings v Deprivation Score 
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Figure 11: Cans Put Out for Recycling and in Refuse (adjusted): Annual Household Bin Waste Arisings v Deprivation Score 
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Figure 12:  Plastic Bottles Put Out for Recycling and in Refuse (adjusted): Annual Household Bin Waste Arisings v Deprivation Score 
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22..11..33..  CCoommppoossttiinngg  ccoolllleeccttiioonnss  
Figure 13 shows yields from composting collections in a number of areas, where there is a wide 
range of current performance20. Food waste is accepted by some of these schemes, but none, 
except the Isle of Wight (which only collects food waste), have measured the separate 
contributions of food and garden waste to their collections. Where food waste is accepted, meat 
and cooked food are currently excluded by most schemes, and it is clear that garden waste is the 
largest contributor to current composting collections in England21. Some collections accept 
cardboard for composting but these are currently in a minority (three of the 21 schemes shown in 
Figure 13). 
 

Figure 13:  Kerbside Composting collections – Kg per Household in 2000/01 

 
As few of these schemes have close to District-wide coverage and the service arrangements vary 
widely, it is difficult to assess whether there is a similar relationship between performance and 
deprivation as found for bin waste recycling. 
 
Figure 14 shows composting yields against deprivation scores for a selected group of larger 
schemes and those thought to be serving a large number of typical households for their area. This 
indicates that there could be a similar relationship, but this may not apply more widely and could 
just reflect the circumstances of this group of areas. One reason is that garden size will have a big 
influence on composting performance and this will vary, to some extent regardless of deprivation, 

                                                      
20 David Mansell (2001) Study of Kerbside Collections Options for Organic Waste, First Phase Report; 
Avon Friends of the Earth. The highest yield in Castle Morpeth is achieved by a small scheme operating in 
an affluent area where gardens are very large. 
21 Note that although we refer to ‘composting collections’, the potential for digestion technologies to treat 
source separated municipal wastes should not be ignored. Although this is currently defined as ‘recovery’ in 
England and not recycling/composting. 
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between rural, suburban, urban and inner city areas. Therefore, the association shown in Figure 8 
could be between larger gardens likely to be found in Daventry, Forest Heath and St 
Edmundsbury (the top three performers shown) and smaller gardens in Ipswich and Medway 
(where deprivation scores are also higher). Since an association between garden size and 
deprivation would be expected, the relationship between composting yields and deprivation is 
taken to be of relevance and the formula shown in Figure 14 used in subsequent calculations in 
this study. 
 

Figure 14: Composting Collections – Annual Household Yield v Deprivation Score 

 
Accepting the relationship shown in Figure 14 as the best guide available, the composting yield 
this suggests for the average English household (following the same method as for bin waste 
recycling) is 194 kilogrammes per household per annum. 
 
It is very difficult to calculate a capture rate for these composting collections of mainly garden 
waste due to the variation in local policies on the acceptance of garden waste. 
 
The estimates in Appendix 1 suggest that garden waste (including soil) contributes an average of 
144 kilogrammes per household per annum to bin waste arisings. However, many local authorities 
do not accept garden waste through their bin collections and so quantities in these areas tend to be 
limited to how much householders are able to disguise amongst their other refuse. A study of 
waste arisings in Hampshire22 suggests that garden waste arisings in areas with wheeled bins 
accepting this material are more than four times higher than in areas where garden waste is not 
accepted with refuse23. 

                                                      
22 MEL Research Ltd (2000) Project Integra: Kerbside and Household Waste Recycling Centre Waste 
Analysis and Questionnaire Survey Results 
23 Hampshire Districts providing free garden waste collections (Basingstoke, East Hampshire, Fareham, 
Hart, Portsmouth, Rushmoor, Southampton, Test Valley and Winchester) collect an average of 3.4 
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In 2000/01, 51 per cent of all English households had wheeled bin refuse services24 and so the 
proportion receiving free garden waste collections is likely to be similar to this (especially as there 
is a large overlap with areas currently offering composting collection services). 
 
Therefore, using the Hampshire variation as a guide, garden waste arisings in bin waste in areas 
with wheeled bins are likely to be about 234 kilogrammes per household per annum25 (the average 
produced by 50 per cent of all households in England). In areas where garden waste is not 
accepted with refuse, arisings in bin waste are likely to be about 54 kilogrammes per household 
per annum25. 
 
This suggests that when a free garden waste collection service is provided, bin waste arisings are 
likely to increase (on average) by about 180 kilogrammes per household per annum26. There will 
be large local variations around this average and some of the increase will be garden waste 
previously deposited at Civic Amenity Sites, which is an issue considered further in the next 
section. 
 
These values give an approximate indication of garden waste arisings and are used further in this 
study. However, we acknowledge that these estimates do not distinguish the variation in arisings 
between houses with gardens and flats and other housing without gardens. 
 
The increase in waste arisings from collecting garden waste raises questions about the wisdom of 
providing free household collections for garden waste, whether collected separately or in refuse. 
 

22..22..  RReeccyycclliinngg  aatt  CCiivviicc  AAmmeenniittyy  SSiitteess  
Table 4 shows data for recycling and composting performance at Civic Amenity Sites for a 
number of high performing Counties. 
 
The data set is too small to plot Civic Amenity Site recycling against deprivation scores. Also it is 
known that there are a number of other factors not associated with deprivation that will have a 
strong influence on recycling performance, such as accessibility of sites, cross-boundary and trade 
use and convenience of other collection services (especially for bulky and garden waste). With 
good facilities, it is even easier for householders to participate in recycling at Civic Amenity Sites 
than with kerbside recycling collections. Therefore, it would be hoped that the recycling 
performance achieved at the best sites could be more closely replicated throughout the country 
regardless of deprivation scores. 
 
Composting makes a large contribution to the recycling performance achieved at Civic Amenity 
Sites. In Table 4, on average, composting contributes a recycling rate of 31 per cent, recycling 
contributes 17 per cent and reuse contributes three per cent27. These rates will be influenced by a 
number of factors and, in particular, local policies regarding the acceptance of garden waste 
through composting or refuse collections. 

                                                                                                                                                                
kg/household/week which is 4.3 times more than the average of 0.8 kg/household/week collected by those 
not providing a free garden waste collection service (Eastleigh, Gosport, Havant and New Forest). 
24 DEFRA (2002) Results of the Municipal Waste Management Survey 2000/01 
25 This reflects the Hampshire differential of 4.3 times more garden waste arising in bin waste where a free 
collection service is provided around the average arisings for England of 144 kg/household/annum (see 
Appendix 1) – 234 is 4.3 times higher than 54 with 144 being the mid-point between these two values. 
26 234 minus 54 is equal to 180. 
27 These recycling rate contributions are calculated by summing the average of each category recycled (163 
kg/hh/yr) rather than using the average for the total recycled (154 kg/hh/yr), because not all categories are 
recycled in each County and so the average of the total quantities recycled in each County does not reflect 
the overall good practice performance achieved in each category. 
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Table 4: Recycling and Composting at Civic Amenity Sites 

 Cambs Devon Dorset Essex Hampshire N. Lincs AVERAGE 
 Year 2001/02 2001/02 2000/01 2000/01 2001/02 2001/02  

Households 238,000 296,000 169,000 543,000 682,000 63,000 331,833 

Average Deprivation Score 13.1 21.0 15.5 18.1 11.9 25.0 17.4 

Total Arisings (Tonnes) 71,008 118,469 69,445 154,670 227,388 27,044 111,337 

YIELDS - TONNES          
Dry recyclables  12,912   2,531   4,319   9,428   10,119   1,046   6,726  

Green waste & soil  19,842   36,751   22,820   36,328   56,701   5,234   29,613  
Scrap metal   7,435   7,062   10,574   19,886   1,449   9,281  
Wood   109    1,933   933   1,622   1,149  
Other recycled   586   337   789   1,324   217   651  
Reuse (Bric-a-Brac, etc)   4,408   1,545    3,995      2,487  

TOTAL RECYCLED  32,754   51,819   36,083   59,053   92,958   9,569   47,039  
Rubble  9,882   31   10,452   22,297   25,529   9,549   12,957  

TOTAL DISPOSAL  28,372   66,619   22,910   73,321   108,901   7,927   51,341  

YIELDS - KG/HH          
Dry recyclables        8.6  25.6  17.4      14.8       16.6  17  

Green waste & soil    124.2  135.0  66.9       83.1       83.1  98  

Scrap metal      25.1  41.8  19.5      29.2       23.0  28  

Wood        0.4    3.6        1.4       25.7   8  

Other recycled        2.0  2.0  1.5       1.9         3.4  2  

Reuse (Bric-a-Brac, etc)               14.9  9.1    5.9      10  

TOTAL RECYCLED    137.6      175  214  109     136        152      154  
Rubble      41.5       0.1  61.8  41.1  37.4  151.6       56  

TOTAL DISPOSAL    119.2   225.1  135.6  135.0   159.7   125.8  150  
Recycling Rate (ex. rubble) 54% 44% 61% 45% 46% 55% 51% 

Recycling Rate inc. Rubble 60% 44% 67% 53% 52% 71% 58% 
 
In Daventry, where there are high performing District-wide composting collections, the green 
waste yield at the two Civic Amenity Sites in the District is still 67 kilogrammes per household 
per year28, which is about two thirds of that achieved by the high performing Counties shown in 
Table 4. 
 
A rough estimate of the reduction in garden waste arisings at Civic Amenity Sites when kerbside 
collections for garden waste are introduced can be made from the Daventry and high performing 
Counties yields. Assuming that half of the Districts in the Table 4 Counties provide free garden 
waste collections (mirroring the average coverage in England29) and so match Daventry’s Civic 
Amenity Site green waste yield (67 kg/hh/yr), then green waste arisings at Civic Amenity Sites 

                                                      
28 There are two Civic Amenity Sites in Daventry with different operators. The recycling rates (excluding 
rubble) achieved at each are 24% and 35%, suggesting there is still considerable room for performance 
improvement. 
29 See section 2.1.3 on composting collections. 
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from households without free garden waste collections should be an average of 129 kilogrammes 
per household per year (so that the average for all remains at 98 kg/hh/yr as shown in Table 4).  
 
Table 5 shows the recycling and composting yields that would be achieved if the performance 
achieved (in recycling and composting percentage rates) by the top performing Counties in Table 
4 were matched throughout England. The yields are lower because the overall arisings for England 
(see Appendix 1) are lower than for the Table 4 Counties. Table 5 also shows the variation in 
yields, arisings and recycling rates attributable to whether or not a free garden waste collection 
service is provided, reflecting the proportionate changes as calculated above for Daventry and the 
Table 4 Counties. 
 

Table 5: Recycling and Composting Yields (Kg/Household/Year), Rates and Arisings at 
Civic Amenity Sites (CAS) According to Provision of Free Garden Waste Collections 

Garden Waste Collection 
Service from Householders 

Recycling 
& Reuse 

Recycling 
Rate Composting Composting 

Rate 

Total CAS 
Garden 
Waste 

Total CAS 
Arisings 

Free Kerbside Collections 52 24% 55 25% 88 221 

Average England (50% Free) 52 20% 81 31% 128 261 

Not Collected 52 17% 107 35% 168 301 
 
The analysis summarised in Table 5 suggests that on average total garden waste arisings at Civic 
Amenity Sites decrease by 80 kg per household per year (168 minus 88) when a free garden waste 
collection service (refuse or composting) is provided (if garden waste was not previously accepted 
through refuse or composting collections). 
 
Both garden waste composting yields and total arisings at Civic Amenity Sites change if kerbside 
composting collections are provided, so that the current good practice composting rate, as shown 
in Table 4, reduces from 31 per cent to 25 per cent. This reduction would occur in areas where 
most households have gardens. At the same time, reflecting the reduced arisings, the contribution 
from recycling and reuse increases to 24 per cent for the same yield. 
 

In areas where garden waste is not accepted through household collections, composting yields and 
total arisings at Civic Amenity Sites are likely to be higher (in areas where most households have 
gardens) so that the composting contribution to recycling rates is 35 per cent. Due to the increase 
in overall arisings, the contribution from recycling and reuse would decrease to 17 per cent for the 
same yield. 
 

These recycling rate contributions are used in this study to represent the best performance 
currently achieved at Civic Amenity Sites in England. Higher rates are already achieved at 
individual sites, as shown in Table 6. Compared to the County rates shown in Table 4, the higher 
recycling rates in Table 6 are largely achieved through an additional contribution from 
composting, although there is also a significant additional contribution from recycling. 
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Table 6: Recycling and Composting at Selected Civic Amenity Sites 

TONNES (EXC. RUBBLE) RECYCLING RATE (EXC. RUBBLE) 
 

Recycled Composted Reused Disposal Recycling Composting Reuse TOTAL 

Punchbowl Devon 01/02 314 950 109 581 16% 49% 6% 70% 

Sherborne Dorset 00/01 992 1734 79 1314 24% 42% 2% 68% 

Barnetby N Lincs 01/02 249 364 1 317 27% 39% 0% 66% 

Buckden Cambs 01/02 1741 3304 0 2602 23% 43% 0% 66% 

Winterton N Lincs 01/02 418 693 2 584 25% 41% 0% 66% 

Stourpaine Dorset 00/01 843 1680 114 1438 21% 41% 3% 65% 

Winchester Hants 00/01 1088 1624 225 1872 23% 34% 5% 61% 

Eastleigh Hants 00/01 964 1835 115 2146 19% 36% 2% 58% 

AVERAGE         21% 40% 2%  

22..33..  RReeccyycclliinngg  ooff  OOtthheerr  HHoouusseehhoolldd  WWaasstteess  
 
Several local authorities recycle or compost elements from other household waste streams. Cans 
are the most common material currently separated from litter for recycling. Autumn leaves are 
often separated for leaf mould or composting. Furniture and appliances can be separated from 
bulky waste collections for reuse or recycling. 
 

22..44..  PPeerrffoorrmmaannccee  AAcchhiieevvaabbllee  tthhrroouugghh  EExxtteennssiioonn  ooff  CCuurrrreenntt  
GGoooodd  PPrraaccttiiccee  

Table 7 summarises the recycling yields identified for the average English household from the 
preceding sections and uses these to calculate the overall recycling rate that would be achieved if 
this current good practice were extended across England30. A range of arisings and composting 
yields are shown to reflect those occurring in areas with and without free garden waste collections, 
as discussed above. Waste arisings are taken from the composition estimates presented in 
Appendix 1, but with the garden waste elements adjusted to reflect the range of arisings depending 
on whether garden waste is collected from households. 
 
 
Table 7 presents the range of recycling rates and yields achieved by current good practice services 
for England, with the range of values reflecting whether garden waste is collected at no charge 
through kerbside collections. This is shown graphically in Figure 15. 

                                                      
30 Material capture rates for bin waste recycling by the average English household, by deprivation score, are 
shown in Table 2. The capture rate for garden waste arisings by the average English household at Civic 
Amenity Sites, as calculated from Table 5, is 63 per cent. With kerbside composting collections, the capture 
rate of garden waste from bin waste arisings by the average English household is 83 per cent (194 x 
100/234) and the overall capture (from bin and Civic Amenity Site arisings) of garden waste is 77 per cent. 
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Table 7: Performance for Average English Household 

 
 

Best Current Yields (KG/HH/YR) for 
Average English Household 

 
 

ADJUSTED TOTAL 
HOUSEHOLD 

WASTE ARISINGS 
(KG/HH/YR) 

RECYCLE 
& REUSE COMPOST TOTAL 

Recycling 
Rate 

(Best Value 
Definition) 

Bin Waste 782-962 144 0-194 144-338 18-35% 
CAS Waste 221-301 53 55-107 108-164 49-53% 
Other Sources 56 0 0 0 0% 
TOTAL 1,139-1,239 196 107-249 303-445 27-36% 

 

Figure 15: Current Good Practice Recycling Performance for the Average English 
Household 

 
This gives a recycling rate of 27-36 per cent that should be achieved in England as a whole 
through extending current good practice services throughout the country, taking account of current 
levels of performance variation in relation to the Index of Deprivation. 
 
To achieve this performance, which covers the national targets established in Waste Strategy 2000 
for the years 2010 and 2015, would require: 
Provision of weekly or alternating multi-material kerbside recycling collections 

throughout the country;  
Provision of facilities for recycling and composting at all Civic Amenity Sites equivalent 

to those provided by current good practice Counties; 
Separation of garden waste, where collected, for composting rather than acceptance with 

refuse for disposal. 
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22..44..11..  RRaannggee  ooff  CCuurrrreenntt  GGoooodd  PPrraaccttiiccee  PPeerrffoorrmmaannccee  wwiitthh  DDeepprriivvaattiioonn  
SSccoorreess  

As detailed earlier, deprivation scores provide an indication of the recycling rates for bin waste 
achieved in an area taking account of its socioeconomic characteristics. Therefore, local 
authorities with current good practice recycling services and low deprivation should be able to 
achieve recycling rates well above 27-36 per cent, but providing the same services in areas with 
high deprivation is currently likely to result in lower recycling rates. 
 
Tables 8 and 9 provide estimates of the recycling rates achievable in areas with low and high 
deprivation (at the top 10 per cent point with a score of 9.7 and the bottom 90 per cent point with a 
score of 39). The recycling and composting yields for bin waste are derived from the relationships 
with deprivation as shown in Table 3 and Figure 14. Overall bin waste arisings are adjusted to 
reflect the changes in composting collection yields for garden waste calculated from the 
relationship with deprivation scores. Overall Civic Amenity Site arisings have also been adjusted 
to reflect deprivation, as we believe this is likely. However, we do not have any data to help 
justify this adjustment and so have simply assumed that overall arisings are increased by 15 per 
cent for the low deprivation point and decreased by 15 per cent for the high deprivation point. A 
range of values is again shown to reflect whether garden waste is collected at no charge through 
kerbside collections. 
 

Table 8: Performance with Low Deprivation 

 Best Current Yields (KG/HH/YR) for 
 Deprivation Score of 9.7 (Top 10% Point) 

  
  

ADJUSTED 
TOTAL 

HOUSEHOLD 
WASTE 

KG/HH/YR 
RECYCLE COMPOST TOTAL 

Recycling 
Rate 

(Best Value 
Definition) 

Bin Waste 782-1,090 211 0-322 211-533 27-49% 
CAS Waste 254-346 60 64-122  124-182 49-53% 
Other Sources 56  0 0 0.0 0% 
TOTAL 1,185-1,401 271 122-386 393-657 33-47% 
 

Table 9: Performance with High Deprivation 

 Best Current Yields (KG/HH/YR) for 
 Deprivation Score of 39 (Bottom 90% Point) 

  
  

ADJUSTED 
TOTAL 

HOUSEHOLD 
WASTE 

KG/HH/YR 
RECYCLE COMPOST TOTAL 

Recycling 
Rate 

(Best Value 
Definition) 

Bin Waste 782-851 86 0-83 86-168 11-20% 
CAS Waste 188-256  45  47-90  92-135 49-53% 
Other Sources 56  0 0 0.0 0% 
TOTAL 1,094-1,095  130 90-130 220-260 20-24% 
 
This analysis shows the recycling rates expected for different local authorities across the middle 
80 per cent band of deprivation scores, with the ranges shown reflecting whether garden waste is 
collected at no charge through kerbside collections. At the low deprivation point (9.7) recycling 
rates of 33-47 per cent should be achievable whereas at the high deprivation point (39) recycling 
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rates of only 20-24 per cent might be achieved. This assumes that services implemented are 
similar to current good practice schemes and that no actions are taken to improve these or to 
develop policies and programmes that reduce the relationship between deprivation and materials 
capture. 
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33..00  IIMMPPRROOVVIINNGG  OONN  CCUURRRREENNTT  GGOOOODD  PPRRAACCTTIICCEE  
In this section, we consider how waste reduction, reuse and recycling rates can be increased 
beyond good practice levels currently achieved in England. It is inevitable that improvements 
would be implemented against a background of change in waste arisings and composition. 
 

33..11..  WWaassttee  AArriissiinnggss  aanndd  CCoommppoossiittiioonn  
In recent years, waste arisings have steadily increased, although it is not clear how much of this 
represents real increase, related to growth in consumption and number of households, and how 
much is due to other factors, such as more trade waste leaking into household collection systems31. 
Predicting future changes in waste arisings and composition is difficult, as many factors can alter 
both arisings and composition. These include socio-demographic changes, legislative drivers, 
technological developments and changes in consumption patterns. Simply projecting previous 
waste arisings trends into the future is unlikely to provide an accurate guide to future changes. 
 
We consider it over-pessimistic to believe that waste arisings will continue to grow and believe 
that this trend can be slowed and ultimately reversed. 
 
Government policy is seeking to promote resource productivity32 and it has been shown that 
economic growth in the UK is becoming de-coupled from the total use of materials33. Already 
there are legislative drivers being implemented that should encourage waste reduction and 
recycling, such as producer responsibility obligations for packaging and waste electrical and 
electronic equipment. However, the incentive they currently provide to design for waste avoidance 
and durability is still relatively weak. 
 
In this study, we calculate improvements in performance on the basis that waste arisings and 
composition remain constant. The degree to which this assumption deviates from reality is likely 
to depend on the time horizon over which one considers the change. Clearly, the most favourable 
situation is one in which implementation of quality services is swift, and is accompanied by 
initiatives to reduce waste arisings. 

33..22..  IImmpprroovviinngg  sseerrvviicceess  aanndd  iinnccrreeaassiinngg  aawwaarreenneessss  
A number of improvements could be implemented to boost the performance of even the best 
current recycling schemes, and so move average recycling rates for England beyond 27-36 per 
cent. Some of these follow. 

33..22..11..  IInnccrreeaassiinngg  PPaarrttiicciippaattiioonn  aanndd  RReeccooggnniittiioonn  RRaatteess  
Even with current good practice recycling services, there is scope to increase the number of 
households taking part and to increase capture rates from already participating households. This 
can be achieved by further increasing the convenience of kerbside recycling services (relative to 
refuse collection), by promoting full use of recycling services and by awareness campaigns that 
increase the motivation of householders to participate. We are still an early stage in the UK in 

                                                      
31 One recent study concludes that the large increase in Civic Amenity Site waste since 1996 is mainly due 
to increased consumer spending, increased trade waste input following the introduction of the Landfill Tax 
and increased site use due to a rapid improvement in recycling facilities (see Charlotte Cameron-Beaumont 
and Eric Bridgewater (2002) Trade Waste Input to Civic Amenity Sites, Bristol: Western Partnership for 
Sustainable Development and Network Recycling). 
32 Cabinet Office Performance and Innovation Unit (2001) Resource Productivity: Making More with Less. 
33 Wuppertal Institute (2002) Resource Use and Efficiency of the UK Economy, A Report by the Wuppertal 
Institute for the Department of Environment, Food and Rural Affairs 
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understanding how to promote the greater use of recycling services and most increases in 
recycling are currently achieved by service improvements rather than promotion improvements. 
However, there are examples where promotional campaigns have had an effect, such as the 
Rubbish Revolution campaign managed by The Recycling Consortium in Bristol, which has 
contributed to recycling participation rates increasing from 52 per cent to 57 per cent over a two-
year period. The new national Rethink Rubbish campaign, together with more local and regional 
initiatives, should increase recycling more widely throughout the UK. Some of this promotional 
work should focus on households not currently recycling or recycling only to a limited degree. 
The effect of this should be to reduce the deprivation-related variation in recycling identified 
earlier in this study. This is only likely to be achieved by improving our understanding of why 
some households do not recycle, even with good service provision, and what can be done to 
encourage or motivate them to get involved. 
 
Residual waste collections play an important role. The less frequent or comprehensive the residual 
waste collection, and the more convenient and frequent the collections of separated materials, the 
more materials will be segregated. This can be supported by control measures at the point of 
collection (e.g. not accepting side waste with wheeled bin collections, using stickers where 
materials are incorrectly sorted, or using clear sacks for refuse to enable control over garden waste 
deliveries). 

33..22..22..  CCoolllleecctt  NNeeww  MMaatteerriiaallss  
The collection of food waste for composting has the biggest potential to contribute to overall 
recycling rates in England. This ought to become widespread once uncertainty surrounding the 
Animal By-Products Order, introduced following the 2001 Foot and Mouth outbreak, has been 
resolved and a new regulatory system established for food waste composting. This should be in 
place by early 2003. Additional contributions could be made by recycling more waste materials, 
such as those currently categorised as non-recyclable paper (most of which could be recycled or 
composted), other glass, other dense plastics, plastic film, batteries, other metals and soil and other 
organic material. In future, legislation may lead to separate collection of all waste electrical and 
electronic equipment, batteries, biowastes and other streams such as household hazardous wastes. 
 

33..22..33..  WWaassttee  AAvvooiiddaannccee,,  RReedduuccttiioonn  aanndd  RReeuussee  
There is considerable scope to reduce current waste arisings through waste reduction, reuse and 
avoidance measures. One obvious target is the use of disposable nappies, where the reusable 
alternative offers many advantages, including cost savings. The Irish carrier bag levy has 
demonstrated the potential for reducing the use of plastic film and there may be similar 
opportunities to reduce the use of dense plastics, especially where these cannot be easily recycled. 
There are possibilities for increasing waste avoidance and reduction, many of which can arise 
from purchasing choices, such as choosing to use reusable packaging when available and buying 
long-life products, such as rechargeable batteries and reusable cameras, rather than disposables. 
Financial incentives and regulations to encourage waste reduction, reuse and product durability 
would make these choices much easier to make in everyday life. 
 

33..22..44..  HHoommee  CCoommppoossttiinngg  
When carried out well, home composting is the best environmental option for managing most 
food and garden waste, as it avoids the need for transport both to a processor and end-user, and 
provides a readily available soil improver. However, for the purposes of this study, we have not 
made any forecasts for increases in home and community composting. Currently, these cannot be 
included in official UK government definitions of recycling rates and so, to reflect this situation 
and to simplify the calculations presented, we have not assumed any decreases in household waste 
as a result of increased home composting. In practice, we believe home and community 
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composting should be encouraged. As in Austria (see next section) these can make a major 
contribution. Composting collections should be viewed only as the next best option. 
 

33..22..55..  TThhee  GGaarrddeenn  WWaassttee  DDiilleemmmmaa  
Garden waste collection poses a number of dilemmas to waste managers. If this is accepted in 
refuse collections or a free composting collection service is provided, then this will increase waste 
arisings and add to waste collection and management costs. Free garden waste collections also 
present an easy alternative to home composting and so may reduce the use of this more preferable 
option. On the other hand, garden waste composting collections can make a big contribution to 
local recycling rates (especially for separate Waste Collection Authorities), which waste managers 
will want to consider for the achievement of their recycling targets. Another consideration is that 
overseas experience, especially in Italy, suggests the capture rate for food waste is higher using 
collection systems that focus on food waste only rather than systems that collect both food and 
garden waste together. This means that the proportion of biowaste in residual waste is lower and, 
because of the constraint on arisings implied by the approach, this is a more effective management 
system, with garden waste being home composted, taken to CA sites or collected through periodic 
collections during key periods. The rough estimates detailed above (in sections 2.1.3 and 2.2) 
suggest an average increase in garden waste arisings (i.e. entering the municipal waste stream) of 
around 100kg per household34 where garden waste is collected, even after allowing for reductions 
in Civic Amenity Site deliveries.  
 

33..22..66..  IInnccrreeaasseedd  RReeccyycclliinngg  aatt  CCiivviicc  AAmmeenniittyy  SSiitteess  
There is considerable potential to further increase recycling of waste from Civic Amenity Sites, 
bulky household waste collections and from street sweepings and litter. For example, research35 
commissioned by the SOFA Project, found that, in 1997/98, 3,780 tonnes of furniture was 
deposited at Civic Amenity Sites and another 200 tonnes was collected through special bulky 
waste collections in the former County of Avon (an area already well-served by several charitable 
furniture collection projects). An assessment by SOFA indicated that 68-82 per cent of these items 
could be repaired, reused or recycled. The keys to increased separation for recycling and reuse at 
Civic Amenity Sites are improved site layouts and signage to encourage recycling, sufficient 
provision and servicing of recycling facilities and site staff and promotion that encourage 
recycling. It may be worthwhile to pass some Civic Amenity Site waste arisings over a conveyor 
to remove contaminants from recyclables or to separate specific items for recycling. 

33..22..77..  IInnccrreeaasseedd  RReeccyycclliinngg  ooff  OOtthheerr  HHoouusseehhoolldd  WWaassttee  
Other household waste mainly consists of separate collections of bulky and garden wastes, street 
sweepings and litter collections. A study of these streams in Milton Keynes36 found that bulky 
waste collections included large proportions of furniture and household appliances, and that litter 
and street sweepings included large quantities of leaves, paper and card, much of which may be 
suitable for composting and low-grade use. A litter sample in April contained about three per cent 
plastic bottles and four per cent drinks cans, which, if separated, could be recycled. In total, it may 
be possible to recycle and compost at least a third of these other household waste streams, 
although current rates are much lower than this and little has been done to investigate these 
possibilities. 
                                                      
34 Analysis in section 2.1.3 indicates an increase in garden waste of about 180 kg/household/annum when 
free refuse or composting collections are provided, which is offset by a reduction in garden waste deliveries 
to Civic Amenity Sites of about 80 kg/household/annum, as estimated by analysis presented in section 2.2. 
35 Craig Anderson (1999) Recycle, Reuse, Bury or Burn?: Towards a New Agenda for Bulky Household 
Waste Management, A SOFA Project Report 
36 Network Recycling (2001) Household Waste Composition Study in April and November 2000 for Milton 
Keynes Council 
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The contributions to reducing, recycling and composting household waste that could be made by 
the average English household through implementing the service improvements outlined above 
are shown in Tables 10, 11, 12 and 13. As considered in the next section, the capture rates shown 
are already being matched and exceeded in other countries. 
 
Table 14 shows the increase in yields for the average English household that could be achieved by 
all the initiatives suggested above, with the overall recycling rate shown equivalent to what could 
be achieved for England. Ranges are shown again for some values reflecting whether free garden 
waste collections are provided. This is shown graphically in Figure 16. 
 

Table 10: Increased Bin Waste Recycling 

ENGLISH BIN WASTE37 
 

TONNES KG/HH 
CAPTURE 

RATE 
RECYCLING 

KG/HH/YR 

Paper (all categories) 3,212,072 152 80% 122  
Cardboard 979,964 46 70% 32  
Glass (all categories) 1,557,911 74 80% 59  
Plastic Bottles 387,574 18 60% 11  
Other dense plastic 508,987 24 2% 0.5  
Plastic Film 732,585 35 15% 5  
Cans 596,676 28 65% 18  
Other Metals (exc. Cans & foil) 543,958 26 50% 13  
Textiles 588,806 28 50% 14  
Other Recyclables (inc. foil)      4  
TOTAL    279  

Table 11: Bin Waste Reduction 

ENGLISH BIN WASTE37 
 

TONNES KG/HH 
REDUCTION 

RATE 
REDUCTION 

KG/HH/YR 

Other dense plastic 508,987 24 25% (6) 
Plastic Film 732,585 35 25% (9) 
Nappies 443,532 21 25% (5) 
REDUCED TOTAL ARISINGS     (20) 

 

                                                      
37 National estimates of waste composition from current data are inevitably susceptible to sampling errors, 
especially for secondary level categories (see Appendix 1). 
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Table 12: Increased Bin Waste Composting 

ENGLISH BIN WASTE37 
 

TONNES KG/HH 
CAPTURE 

RATE 
COMPOSTING 

KG/HH/YR 

Garden Waste and Soil  54-234 50-90% 27-21138 
Food Waste 4,099,728 194 50-75%39   97-146 
TOTAL    173-308 

 

Table 13: Increased Recycling at Civic Amenity Sites 

ENGLISH CAS WASTE37 
 

TONNES KG/HH 
CAPTURE 

RATE 
RECYCLING 

KG/HH/YR 

Dry Recyclables 496,047 23 80% 19 
Garden Waste & Soil  89-16940 80% 71-135 
Scrap Metal 539,778 26 80% 20 
Wood 488,479 23 75% 17 
Furniture 255,344 12 60% 7 
Hazardous (Batteries & Oil) 18,412 1 100% 1 
Miscellaneous 1,003,666 47 40% 19 
TOTAL ARISINGS  221-301 71% 186.5 

 

Table 14: Improved Future Performance for England 

 IMPROVED YIELDS (KG/HH/YR) FOR 
 AVERAGE ENGLISH HOUSEHOLD 

  
  

ADJUSTED 
TOTAL 

HOUSEHOLD 
WASTE 

KG/HH/YR 
RECYCLE COMPOST TOTAL 

Recycling 
Rate 

(Best Value 
Definition) 

Bin Waste 762-942 279 173-308 452-587 59-62% 
CAS Waste 221-301  84 71-135 155-219 70-73% 
Other Sources 56  9 9 18 33% 
TOTAL 1,120-1,220  372 317-388 689-760 62% 
 

                                                      
38 The low end of this range applies where garden waste is not collected directly from householders, so this 
capture rate (or reduction in garden waste in refuse) is achieved by delivery for composting to a Civic 
Amenity Site; but it could also be achieved by encouraging home composting, although this does not 
currently contribute to official recycling rates. The high end of this range applies where free kerbside 
composting collections are provided, which results in a large increase in bin waste arisings from garden 
waste. 
39 We believe the lower rate shown for food waste composting may occur where food and garden waste are 
collected together for composting and the higher rate may be achievable by composting collection systems 
that focus more on food waste collection. 
40 The range in arisings reflects whether or not a kerbside composting collection service is provided. 
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Figure 16: Improved Future Recycling Performance for the Average English Household 

 

33..33..  AAcchhiieevviinngg  HHiigghheerr  RReeccyycclliinngg  RRaatteess  
The analysis above suggests that a recycling rate of 62 per cent for household waste should be 
achievable in England. However, securing sufficient public participation to achieve this level of 
recycling will be a difficult challenge. Nearly everyone is sympathetic towards recycling and, 
intuitively, thinks that it is a good idea, but a step-change in attitudes will still be required to give 
waste issues a higher priority in everyday life. It would help if local and national government gave 
a greater sense of direction and leadership, so that regulatory and economic frameworks were 
more supportive of waste reduction, reuse and recycling. 
 
Our view is that service and promotion improvements alone are unlikely to achieve the high levels 
of recycling performance identified above, except perhaps in the case of a few committed local 
authorities. It is likely that policy changes, as in other countries, will be needed. The next section 
considers recycling in other countries where higher rates are already being achieved and considers 
the policy differences that have contributed to this. 
 
Even with full implementation of the service and promotion initiatives identified, it is likely that 
the recycling rates achieved will still be influenced by the socioeconomic status of householders. 
However, material capture rates should vary much less in relation to deprivation, partly because of 
these initiatives and partly due to deprivation levels themselves being reduced over time. The 
result should be a decline in the extent of variation between areas. One policy that may 
particularly serve to reduce the variation in recycling performance in relation to deprivation levels 
is variable charging for refuse collection, as the financial penalty that results from not recycling 
may particularly serve to motivate those on low incomes. For these people, the value of income 
saved through participating in separate collection would be higher. 
 
It is also important to re-emphasise that 62 per cent has not been identified in this report as a 
maximum recycling rate that can be practically achieved for household waste. Services, their 
promotion and the policy framework should continue to be improved and other developments will 
allow continued improvements to be made. These include product design and technological 
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developments that remove waste from our consumption system by avoiding unnecessary resource 
use and by designing products for reuse, long life and end-of-life recycling or composting41. 
 

                                                      
41 Recently reported examples of such possibilities include the use of compostable plastic packaging, which 
is being currently being tested by Tesco for selected organic produce; and a prototype mobile phone, 
developed by Brunel University, made from special metals and plastics with a 'memory' of it’s original 
shape, so that, when heated, the phone pops apart ready for recycling. Also see ENDS Report 315, pp. 29-32 
(April 2001) - Easy claims, difficult choices on biodegradable polymers. 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 38

 

44..00  EEUURROOPPEEAANN  GGOOOODD  PPRRAACCTTIICCEE  
A number of reports have questioned the degree to which local authorities actually can achieve 
high rates of recycling. Typically, the argument is made that the data is not strictly comparable. 
For example, it is often stated that recycling statistics include construction and demolition wastes, 
which English Best Value statistics exclude. This is true in some cases, but the idea that 
eliminating this fraction would, for example, reduce rates of recycling down from rates above 
50% to something closer to 20% is simply nonsense since it would imply that even if all 
construction and demolition waste were recycled in this figure, C&D waste would have to account 
for 60% of municipal waste.  
 
Partly to try to overcome this type of criticism, we have looked at capture rates of specific 
materials claimed by Member States. Key findings follow. The best performing municipalities in 
Europe are now reaching recycling and composting rates in excess of 70%. These tend to be 
smaller municipalities, but whole regions such as Flanders in Belgium and Lower Austria in 
Austria are achieving rates of the order 60%, whilst whole nations (such as Germany, Austria, 
Netherlands and Switzerland) are all achieving rates close to 50%. Lecco Province in Italy has 
seen a rapid development, with latest figures at 53%. 

44..11..  BBiioowwaassttee  ((kkiittcchheenn  aanndd  ggaarrddeenn  wwaassttee))  
Table 16 below shows countries with highest performance in respect of biowaste collection. 
Typically, since most countries combine garden and kitchen waste in collections, captures of the 
latter are much lower. The approach now adopted in parts of Italy and Catalunya in Spain target 
kitchen waste fractions in an attempt to optimise the collection system in terms of cost. Although 
these systems do not achieve the same level of biowaste capture (in quantitative terms), they 
prevent the ‘over-delivery’ of garden waste into the waste stream when such material can be 
readily composted at home. Furthermore, they capture kitchen waste more accurately so the 
proportion of biowaste in the residual waste fraction tends to be lower.  
 
It should be noted that the Austrian system is based on a highly decentralised model of 
composting. In addition, it is estimated that 56% of the 1.36 million tonnes per annum of biowaste 
produced by Austrian households is composted at home. This performance takes time to achieve. 
 

44..22..  GGaarrddeenn  WWaassttee  iinn  DDeennmmaarrkk  
The Danish EPA (Danish EPA (1999) Environmental Review from the Danish EPA, No.1 1999, 
Copenhagen: Danish EPA) reports that: ‘97 per cent of garden waste was recycled in 1997... 
almost all garden waste is recycled today’. Note that the Danes also set a target for a maximum of 
15% of garden waste to be incinerated in their 1993-7 Plan (which was clearly exceeded).  
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Table 15: Amount of separately collected and composted bio- and green waste in the EU 

Country Total MSW Organic MSW 
Separately 
collected 

Separately 
collected 
as% total 

Separately 
collected 
and home 
composted 
as% total 
(inc home 
comp) 

  
excl home 
composting 

incl home 
composting1 TOTAL   

Austria 2,800,000 800,000 1,570,000 600,000 75.00% 87.26% 
Flanders 3,126,044 1,158,795 1,264,795 723,795 62.46% 65.61% 
Denmark 2,780,000 973,000  652,000 67.01%  
Germany 49,100,000 9,000,000  7,000,000 77.78%  
Netherlands 8,220,000 3,452,400  1,790,000 51.85%  
Sweden 3,810,000 1,500,000  400,000 26.67%  
UK 34,000,000 10,880,000  618,517 5.68%  

Sources: Amlinger, F. (2000) ‘Composting in Europe: where do we go?’ Paper for the International Forum on 
Recycling, Madrid, 14 November 2000; Barth, J. (2000) ‘Composting, quality assurance and compost utilisation - 
sustainable solutions in the European countries’, unpublished mimeograph; Hogg, D. et al. (2002) Economic Analysis 
of Options for Dealing with Biodegradable Municipal Waste, Final Report to the European Commission. 
1 In most of the European countries no statistical data about home-composting is available, so an estimation about full 
extent of the potential of organic waste is very difficult. 

44..33..  PPaappeerr    
Paper is of course the other major biodegradable waste fraction in the waste stream. TN Sofres 
claim that Austria recycles 92% of all paper packaging. The Dutch figures take the whole of the 
Netherlands close to the target set by the Netherlands Waste Management Council (AOO) of 70% 
for all paper (personal communication with Stichting PRN, i.e. the organization with take-back 
responsibility in the NL under the paper and fibre covenant). A similar rate of capture was found 
in Flanders in 1998 (65%, based on a calculation from date provided by OVAM on separate 
collection and on residual waste composition).  
 
Switzerland was reporting, in 1998, a total waste arisings per capita of 611kg in 1998. The 1996 
statistics reported collection rates for paper of 140kg per inhabitant. Taking the two statistics 
together implies that the capture of paper and card alone generated a 23% recycling rate. 42 A 
report by Hellweg suggests that the total paper and card in the municipal stream in Switzerland is 
of the order 214kg.43 This implies a capture rate of 65% (similar to the rates estimated above). 
 

44..44..  BBiiooddeeggrraaddaabbllee  MMuunniicciippaall  WWaassttee  
In 1999 in Flanders, OVAM data suggests that 72% of all biodegradable municipal waste was 
being recycled, re-used or composted. It is almost certain that the Austrian figures would be even 
higher. The Flemish figures have continued to increase in recent years. For Switzerland, using the 
same source cited for paper, we calculate that the capture of paper and card and biowaste 
combined is 57%. The lower Swiss figure reflects relatively low captures for biowaste elements. 

                                                      
42 SAEFL (1999) Abfallstatistik 1998, Umwelt-Materialien, 119, Swiss Agency for the Environment, 
Forests and Landscape, Bern, 1999; SAEFL (1996) Abfallstatistik 1996, Umwelt-Materialien, 90, Swiss 
Agency for the Environment, Forests and Landscape, Bern, 1998. 
43 S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment 
Processes, Dissertation submitted to the Swiss Federal Institute of Technology. 
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44..55..  PPaacckkaaggiinngg  FFrraaccttiioonnss  
A recent report from the German packaging recovery organisation, DSD, reported: 
Austria, Belgium, the Netherlands, Germany and Sweden have exceeded the maximum 

recycling target of 45 percent by weight. The results in Denmark and Finland are not far 
from the maximum target, while Italy, Luxembourg and the United Kingdom have reached 
a recycling rate which is just slightly higher than the minimum target of the Directive. 

With the exception of plastic, the minimum recycling target of 15 percent per packaging 
material has clearly been exceeded by the majority of the Member States. The recycling 
rate for steel and aluminium is in excess of 50 percent in northern countries. 

Glass and paper are the materials where the figures show the lowest geographical 
differences. The recycling rates for glass are between 70 and 90 percent in Austria, 
Germany, Belgium, the Netherlands and Sweden. In France, Italy, Finland, Portugal, the 
United Kingdom, Spain and Greece the rates are all higher than 25 percent and, in some 
cases, are almost 50 percent. 

Plastic is the only packaging material for which the recycling rate is still below the 
targets set by the Directive in some cases. The target of 15 percent has only been 
exceeded in Germany (45 percent, including feedstock recycling), Finland and Austria (20 
percent each). 

 
Packaging recycling rates reported by different Member States are compared with UK rates in the 
Table below.  

Table 16: Material Specific Recycling  

Paper and Cardboard Steel Aluminium Glass Plastics 
Germany 

90 
Germany 

83 
Germany 

86 
Germany 

60 
Austria 

84 
Netherlands  

79 
Netherlands 

85 
Austria 

27 
Belgium 

83 
Belgium 

66 
Sweden 

84 
Belgium 

26 
Netherlands 

70 
France 

45 
Lux 
80 

Sweden 
20 

Sweden 
68 

Denmark 
40 

Austria 
80 

Netherlands 
14 

UK 
47 

UK 
23 

UK 
23 

UK 
8 

 

44..66..  BBaatttteerriieess  
In year 2000, in Belgium, 83% of batteries available for collection were collected. Of these, 67% 
were recycled, a net recycling rate of 56%.44 

44..77..  RRee--uussee  ooff  PPaacckkaaggiinngg  
It should be recognized that much of the packaging for beverages is collected for re-use, not 
recycling.  
The highest re-use rates are achieved in Denmark, Finland, Germany and Sweden; in 

some cases more than 90 percent of the volume bottled (glass and PET) is re-used in these 
countries. In contrast, the re-use rates in other Member States are very low.  

                                                      
44 See the case study on the Bebat Scheme in Belgium in Eunomia et al (2002) Financing and Incentive 
Schemes for Municipal Waste, Final Report to DG Environment of the European Commission. 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 41

With reference to glass packaging for wine, very high re-use rates are achieved by Austria 
(83 percent) and Finland (71 percent). Sweden re-uses 55 percent, Portugal around 50 
percent, Spain 32 percent and Germany 29 percent. 

In the soft drinks sector, Austria, Germany, Sweden, Finland and Portugal re-use between 
one third and two thirds of the glass packaging. Denmark achieves 80 percent, followed 
by Germany with 61 percent. 

As regards beer, Denmark re-uses 92 percent of the glass packaging, Greece 73 percent, 
Finland 71 percent, the Netherlands 69 percent, Germany 60 percent and Austria 58 
percent.  

In the mineral water sector, Denmark re-uses 96 percent of the glass and PET packaging, 
Finland 94 percent, Austria 89 percent, Germany 88 percent and Sweden 86 percent. 
France comes in last with two percent.45 

 

44..88..  TToottaall  MMuunniicciippaall  WWaassttee  
By material, in 1998, Flanders was capturing 66% of kitchen and yard waste, 65% of paper and 
card, 23% of textiles, 90% of glass, 52% of metals and 13% of plastics through source separation 
of municipal waste. Figures for Lower Austria are shown graphically below. 
 

 

44..99..  SSuuppppoorrttiivvee  PPoolliicciieess  
Policies which make these captures possible include the following: 
 

1. Mandates upon local authorities to implement services in respect of source separation 
which exceed minimum requirements (Flanders, Germany, Italy, Netherlands); 

2. Mandates upon households to engage in source separation or home composting (Austria);  

                                                      
45 Information from DS-Documents, Edition 4: The Closed Cycle Economy Today, published by Der Grune 
Punkt – Duales System Deutschland Aktiengesselschaft, January 2001. 

Key: (from bottom up) Residual waste; Biowaste; Paper-waste; Glass; Metals; Wood; 
Textiles; Light-fraction (plastics & composites); Hazardous  
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3. Producer responsibility mechanisms which channel financial support to local authorities 
where they collect materials covered by legislation (e.g. packaging, batteries, 
pharmaceuticals, waste electronic equipment, oils, etc.). For packaging, the only countries 
in the EU where no direct compensation for local authorities is made for packaging 
collection are the UK, Denmark (where a packaging tax is designed to encourage the use 
of multi-trip packaging) and the Netherlands; 

4. Packaging taxes (Denmark), disposable plastic bag levy (Ireland) and deposit-refund 
schemes (Germany, Denmark, etc.) 

5. Differential charging schemes / subscription based waste management services designed 
to incentivise householders to make use of facilities for source separation. Some schemes 
also give explicit incentives to encourage householders to engage in home composting. 
Italy is set to make such charging mandatory through phased introduction. Elsewhere, 
charging varies in its prevalence across Austria, Belgium, Denmark, France, Germany, 
Ireland (recently), Italy, Luxembourg, Netherlands, and Sweden; 

6. Residual waste levy, in which local authorities are given ‘per inhabitant quotas’ of 
residual waste. Exceeding this quota triggers a unit levy on the additional residual waste. 
This occurs in Flanders and has led to introduction of charging schemes; 

7. Eco-teams exist only in Flanders and The Netherlands. Setting up Eco-teams encourages 
people to arrange their lives in a more environmentally-friendly way. Continually 
recurring themes include prevention of household refuse and improving separate 
collection. By the end of 1998, 1,187 Eco-teams were or had been active in The 
Netherlands, reaching about 8,350 households. In Flanders, more than 165 Eco-teams 
were or had been active, which corresponds to about 1,155 households. Eco-team 
coverage in The Netherlands is three times higher than that in Flanders; 

8. Since 1992, municipal waste covenants have existed in Flanders. The covenants are made 
between a municipality and the Flemish Community, and stimulate among other things 
the setting up of separate collection, treatment possibilities, marketing of municipal waste 
products, and public awareness campaigns in exchange for financial remuneration;  

9. Bans on landfilling of specific waste streams, including specific separately collected 
fractions; 

10. Systems of master composters, including home composting demonstrations at CA sites 
and other events (Italy, Flanders); and 

11. Waste taxes extended to cover incineration (including Flanders in Belgium, Denmark and, 
likely to be introduced soon, Sweden). 
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55..00  RREESSIIDDUUAALL  WWAASSTTEE  TTRREEAATTMMEENNTT  
The situation in respect of residual waste treatment in Europe is undergoing significant changes. 
In this context, one can highlight the following key issues: 
 

a) Landfill of untreated waste is being ‘squeezed’ more and more tightly in the wake of the 
Landfill Directive, and as a result of bans on landfill now in place in many countries; 

b) Incineration is being scrutinized more and more closely, and is becoming the subject of 
considerable public opposition, not only in the UK, but also across the EU; and 

c) Various Directives are shifting more and more waste away from the residual waste route 
and into materials recovery routes, and that which is residual is required to be at the very 
least pre-treated before final disposal to landfill.  

 
At the same time, one sees the emergence of new techniques for dealing with residual municipal 
waste. These include: 
 

 Bioreactor landfills; 
 Mechanical biological treatment, with the biological treatment being carried out through 

aerobic or anaerobic means; 
 Pyrolysis; and 
 Gasification. 

 
The complexity of this picture is increased if one considers that the deployment of MBT can be 
considered in a context in which the outputs from MBT can be delivered to: 
 

a) landfill (the aim being to stabilise the material prior to landfilling) 
b) (usually fluidized bed) incinerators; 
c) pyrolysis plants; 
d) gasification plants; 
e) cement kilns; and 
f) heat and / or power plants. 

 
The rather obvious point to make at this juncture is that approaches which analyse residual waste 
treatment in terms of a choice between landfill and incineration are too limited to deal with the 
complexity of the decision making process. Previous work in the UK, including that carried out by 
one of the authors has suffered from exactly this shortcoming, although in the study by the author, 
the work carried out was seeking to address the merits of source separation routes as opposed to 
refuse collection and residual waste treatment. Here, we are specifically interested in residual 
waste options. 
 
Perhaps more importantly, tools are being used in the local authority context to model the life-
cycle impacts of landfill and incineration, but the other processes are ignored in the models. It 
might be argued that this dissuades local authorities from using them since choosing them is not 
an option in the modelling of options. These omissions are partially excusable on grounds that 
that: 
 

1. As techniques for dealing with waste become more sophisticated (than landfilling and 
incineration), the specific choice of a (now, usually patented) treatment will tend to have 
an impact upon the emissions and their related impacts. To include all treatments and 
examples thereof would require an enormous database of patented treatments with the 
potential for combination in a modular manner; 
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2. As well as the specific treatment, the configuration of the treatment system (how the 
different elements fit together) will affect the overall emissions and impacts of the 
treatment system; and 

3. Because some (though by no means all) of these technologies are relatively new in terms 
of their application to municipal waste, frequently, the data one has to rely on are 
manufacturers’ data. There are obvious problems in relying on manufacturers’ claims 
where technologies are relative new. One is implicitly suggesting that it makes sense to 
extrapolate data obtained at pilot scale plants to full scale facilities (which is the hope, 
though not always the outcome). 

 
All of this raises serious problems for anyone seeking to undertake a study of this nature. 
Furthermore, if the intention is to provide local authorities with a tool to enable them to make 
choices regarding specific treatment combinations, the potentially enormous number of possible 
permutations makes a trial and error procedure enormously time-consuming and indeed wasteful 
if undertaken by each and every local authority. In this context, there is a pressing need to address, 
if not necessarily to answer conclusively, the deceptively simple question, ‘what is the best 
treatment for residual waste?’ in a way which extends beyond the outdated ‘incineration versus 
landfill’ debate.  
 
In addition to these problems, there exist more ‘general intangibles’ such as the composition of the 
waste stream and its evolution over time, both within a given year and over more extended periods 
of time, and the way in which the magnitude of the waste stream is set to develop over time. It 
should be stressed that it is not only the composition that varies within a given year, but also the 
mass of material (not just in tourist areas). 
 
This part of the work addresses the issue of how to treat residual waste. By residual waste, we do 
not mean ‘whatever is left in the refuse bin after some recycling has occurred’, but the ‘truly 
residual waste’, which remains after the best practice schemes which we have discussed have been 
implemented. 

55..11..  TTeecchhnniiccaall  AApppprrooaacchheess  ttoo  EEvvaalluuaattiinngg  RReessiidduuaall  WWaassttee  
TTrreeaattmmeennttss  

To the extent that one is evaluating options for dealing with residual waste (i.e. the more one seeks 
to maximize materials recovery and minimization possibilities), the more the focus moves from 
consideration of whether landfill or incineration are superior options to the recycling / composting 
options. The comparison becomes ‘internal’ to residual waste management processes.  
 
It is important, however, to recognize that most local authorities in the UK are very far from a 
position in which they can claim that their residual waste is what we have termed earlier in this 
report ‘truly residual waste’. Hence, the comparison has to account for the possibilities for the 
development of source separation within the scheme. This is especially important if the intention 
is to allow the full development of source separation routes.  
 

A variety of methodologies have been established as support tools in the decision-making process 
in environmental issues. The nature of the subject, the issues at hand and the objectives are 
prevailing factors in the choice of the appropriate methodology. At least five different methodical 
approaches seem to be applied, each exhibiting overlapping features:  

a) environmental impact assessment (EIA); 

b) risk analysis; 

c) life cycle assessment (LCA);  
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d) material flow analysis (MFA); and 

e) economic valuation approaches (as part of a cost-benefit analysis). 

Since the implementation of EU Directive (85/337/EEC), an environmental impact assessment 
(EIA) has been an obligatory element of licensing procedures for certain public or commercial 
projects. The EIA is required to identify and describe relevant impacts of the project regarding 
environmental media and compartments.  There are no further EU regulations providing technical 
guidance on how the EIA is to be carried out. The criteria adopted in the decision about 
environmental compatibility or incompatibility are usually identical with legal environmental 
quality standards (EQS). Therefore the EIA normally uses exposure models to infer the impact 
associated with emissions.  The EIA method is suitable when site-specific issues of concrete 
projects are analysed. It is less useful for assessing techniques or operating procedures (e.g. like 
waste management options) in general (it is appropriate in specific contexts). 

The risk analysis methodology resembles the one above in several aspects. Often an EIA includes 
elements of a risk analysis when the direct impact of a technique on the surrounding 
environmental media is estimated. In appropriate cases, specific toxicological aspects are analysed 
in detail.  On the other hand, the instrument of risk analysis is not standardised, the user is as free 
in the choice of scope and processing methods. Risk analysis might be a useful approach with 
regard to the RDF issue but the method itself does not provide concrete operating instructions. A 
problem with risk analysis is that frequently, the temptation is to quantify what is not necessarily 
quantifiable. Risk then substitutes for genuine uncertainty. ‘Expert’ risk assessment has been 
criticised for precisely this reason. A polemical critique of the assessment of risk is Beck’s famous 
book, ‘Risk Society.’ 

The most standardised environmental assessment methodology is life cycle assessment (LCA). 
The ISO standards 14040 to 14043 define the basic steps of this instrument. Several subsequent 
standards illuminate or instruct further technical aspects. During the last ten years the LCA 
method has established itself as one of the most commonly applied instruments to value systems 
of production (ecological product balance from cradle to grave) or waste management systems. 
The methodological approach (defining general system boundaries and balancing the material and 
energetic inputs and outputs) allows the comparison of different systems of any complexity.  In 
those terms of system analysis this approach can be regarded as unrivalled by any other available 
method.  

Despite these apparent advantages, several weaknesses should be mentioned:  

1. The locally unbound LCA-method is not the best approach to evaluate toxic effects. The 
exposure of targets (humans, plants, animals) is generally not considered. Attempts to solve 
this problem (for example the so-called CML-method) are not generally accepted; 

2. An LCA describes the transition of materials and energy and it is not capable of describing a 
state or situation. For example, the concentration of toxic substances in products, an important 
aspect in considering impacts, evades evaluation by LCA. Similarly, although some attempt to 
quantify the effects through land use are made in some impact assessment methodologies, 
these are generally unacceptable and all but meaningless (being token attempts to ‘complete’ 
the analysis);  

3. LCAs have difficulty coping with the issue of time. Typically, where issues such as landfilling 
are concerned, they resort to arbitrarily chosen cut-offs in time, and typically, the default 
option is one in which it is implicitly assumed that all emissions are treated in a completely 
atemporal manner;  
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4. Qualitative impacts are almost impossible to capture through LCA, so the impact of, for 
example, landscape change simply escapes the analysis. Noise, odour and other disamenity 
effects are also ignored;  

5. Far from being ‘objective’ pieces of analysis, LCA is heavily conditioned by boundary 
assumptions, and by key assumptions around the issue of what is known as ‘system 
expansion’. Although good practice is to state the boundary assumptions, and the assumptions 
used in system expansion, this does not prevent abuse of such practice; and 

6. For complex systems, like waste management operations, the life-cycle inventories are 
incredibly data intensive. This can lead to situations where ‘some data’ is seen as better than 
‘no data’, even though the datasets for different aspects of the analysis span a period of a 
decade or so. Implicitly, this may mean that one is conducting comparisons which are made 
irrelevant by the differing ‘vintages’ of elements of the data. Similarly, where different 
datasets are used, the degree to which datasets can be said to be comprehensive is likely to 
vary. If more comprehensive datasets are more likely to include (even small quantities of) 
more harmful chemicals in their inventory, this can affect the analysis significantly. 

The material flow analysis (MFA) method overlaps with LCA, or rather the principle of the 
MFA (the investigation of the substantial whereabouts of material input into a process or a chain 
of processes) is also followed during an LCA-like analysis.  The two methods differ in the focus.  
Whereas an LCA typically comprises a more or less comprehensive system and calculates all 
input and output flows and aims to express all balance data by elementary flows, MFA focuses on 
a selected number of materials (it might be just one) and follows the distribution of these materials 
(mostly elements or compounds) into several sinks. An example is the flow of the element 
nitrogen within the system of agricultural production, food consumption and disposal towards 
sinks like the air, water and soil. Clearly, the drawback of such an approach is that it is not 
comprehensive and gives a partial picture unless all elements are included. 

Economic valuation approaches usually lean on some of the other approaches, but add to them 
valuation of effects which are less easily quantified through other approaches (for example, the 
impact of loss of amenity, as elicited through questionnaire surveys). One apparent benefit of 
valuation is that all impacts are reduced to a common metric – that of money. But the flip-side is 
that not all impacts can be readily quantified (and even where they can be, it may be costly to do 
so), partly because of underlying scientific uncertainty. Lastly, rather like the attempts to 
‘aggregate’ contributions to a specific impact index under LCA, the attempts to do this through 
economic valuation are far from universally accepted. Some studies have begun to use LCA 
impact indices as a basis for what economists call ‘benefits transfer’. This is a questionable 
exercise. 

In order to evaluate environmental effects of waste management options, one should not strictly 
adhere to just one particular methodology from the ones described above. All of them contain 
specific advantages but none of them is able to address all questions of interest. The above 
considerations also make it clear that no method is objective in the strict sense given the 
underlying assumptions and the degree to which these influence the results. All of the 
methodologies struggle to come to terms with their own limitations, and the temptation exists to 
portray the illusion of ‘full coverage’ of the problem in hand through what are often highly 
questionable methodological extensions of ‘good practice’. The bottom line is that all approaches 
have their drawbacks. 

In this study, we concentrate for the most part upon life-cycle analysis. The reason for this is quite 
simple. This has become, quite quickly, a means to supposedly justify the choice of one or other 
waste management strategy in different local authorities. It has also assumed some significance in 
planning inquiries. We would argue that the significance given to the approach in such discussions 
is not justified by the limitations of the approach. This applies with special force since the tools 
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currently being used in the UK context, notably the life-cycle tool WISARD, suffer from some 
shortcomings which deserve to be quite clearly highlighted – to planning inspectors, waste 
management professionals, local authority officers and citizens alike – in order that the limitations 
can be understood.  

55..22..  SSiiggnniiffiiccaannccee  ooff  CChhaannggeess  iinn  IInnppuutt  MMaatteerriiaallss  
Most residual waste treatments deal with a mass of material. However, this mass is constituted of 
component parts which have varying chemical and physical characteristics. Hence, upstream 
recycling and composting through source separation will tend to affect the nature of the residual 
waste being dealt with. Some work of this nature was carried out in the UK for ETSU by Atkinson 
et al in 1996.46 The focus was on the effects of what were relatively low capture recycling systems 
(the highest estimated was 27%) on the potential for downstream energy recovery in incinerators. 
The principal conclusions were that:  
 

1. none of the source separation systems modelled had a major impact on ‘waste fuel’ so that 
an existing incinerator would be able to accommodate any such changes to the waste 
collection; 

2. loss of energy input could be compensated for by increased boiler efficiency; 
3. removing dry recyclables would reduce ash production by up to 17%; 
4. the composition of the off-gas is unlikely to be affected by extracting dry recyclables but 

the removal of organic waste may be of mixed benefit, resulting in an increase in HCl and 
mercury emissions and a decrease in particulate concentrations; and 

5. the removal of dry recyclables might affect the combustion characteristics, with any 
increase in compactability and cohesiveness possibly leading to air distribution problems 
but the removal of metals might extend grate life and glass removal should reduce slag 
formation. 

 
These conclusions have to be seen in the following context:  
 

a) the study looked at systems which did not achieve high rates of materials recovery; 
b) the effects on the residual waste of materials recovery will tend to be most significant 

where different materials with different characteristics are captured at different rates. The 
greater the difference in relative capture rates, and the greater the difference in the 
composition of the components captured at the different rates, the greater will be the 
impact on the residual component. 

 
Given these two basic facts, one could argue that the study was never likely to conclude that the 
composition of the residual would be significantly altered given its basic propositions. At higher 
overall capture rates, and where the component materials are captured (some may not be targeted 
at all) at rather different rates, one might expect to see greater deviation from the baseline ‘no 
materials recovery’ situation. This is important when one looks at the different components of 
waste and their chemical and physical composition.  
 
In countries achieving high captures of materials through recycling and composting, the 
composition of materials changes quite radically. Particularly important in this context are those 
systems which target the biowaste fractions effectively through home composting and collection 
of kitchen (and garden) wastes. In such systems, the composition of biowastes in residual waste 
can drop to as low as 10-15% of the residual waste fraction from an initial figure of 35-40%. This 
means that the construction of mass-burn, grate incinerators becomes a risky enterprise as the 
calorific value of the residual waste material can rise to levels at which such facilities run into 

                                                      
46 W. Atkinson, R. New, R. Papworth, J. Pearson, J. Poll and D. Scott (1996) The Impact of Recycling 
Household Waste on Downstream Energy Recovery Systems, ETSU B/RI/00286/REP. 
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problems.47 If energy recovery is sought, more appropriate solutions in such circumstances may be 
fluidized bed facilities, or gasification or pyrolysis facilities, following pre-treatment of the 
material.  
 
In the Netherlands, work has been undertaken to elicit the composition of residual waste.48 This 
showed that in residual waste, specific fractions of the input waste were responsible for significant 
proportions of specific elements. For specific elements, certain components are key contributors. 
This raises questions as to whether, in cases where specific elements prove problematic for a 
specific treatment, it might not be possible to seek removal / substitution of those elements in the 
waste stream. Somewhat disturbingly, perhaps, the most significant contribution to mercury 
contamination comes from food. This should be contextualized by the fact that biowaste 
constituted 35% or so of residual waste in the Netherlands (in this study). 

55..33..  MMooddeelllliinngg  ‘‘TTrruullyy  RReessiidduuaall  WWaassttee’’  
The underlying chemical composition of waste used in this study was derived from a combination 
of Papworth’s work undertaken in the context of the National Household Waste Analysis 
Programme, the study from the Netherlands used to characterize the chemical and physical 
composition of residual waste,49 and recent work undertaken in Sweden.50   
 
It is quite clear that, as residual waste treatments change, the nature and composition of the 
material being treated needs to be considered more closely. It is no longer adequate to look at 
residues as though mass burn incineration was the only option. Increasingly, residual waste 
treatment will seek to partition fractions to the most suitable treatments. Furthermore, even 
‘landfilling’ can no longer be treated as though it always leads to mass emissions of gases as was 
supposed in the past. Pre-treatment of residual waste to be landfilled changes the character of 
waste considerably. Hence, the whole issue of residual waste treatment is becoming one of 
increasingly complex choices.  
 
True integration of waste management systems is an increasingly complex problem. Relative to 
current UK practice, the emphasis has to shift away from ‘residual waste-led’ solutions to 
solutions where equal weight is given to collection (first), and the question of how to deal with a 
changing residual fraction. 
 
We have modelled the composition of ‘truly residual waste’ by subtracting from the current UK 
composition a high rate of materials capture from the waste stream. The capture rates used leave 
residual waste looking as presented in Table 17. 

                                                      
47 Personal communications, Wolfgang Stark, GUA Group, Austria and Enzo Favoino, Scuola Agraria del 
Parco di Monza, Italy. 
48 D. Beker and A. A. J. Cornelissen (1999) Chemische Analyse van Huishoudelijk Restafval, Resultaten 
1994 en 1995, November 1999, Bilthoven: RIVM. 
49 D. Beker and A. A. J. Cornelissen (1999) Chemische Analyse van Huishoudelijk Restafval, Resultaten 
1994 en 1995, November 1999, Bilthoven: RIVM. 
50 G. Finvenden, J. Johansson, P. Lind and A. Moberg (2000) Life Cycle Assessments of Energy from Solid 
Waste, FMS: Stockholm. 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 50

 

Table 17: Composition of Residual Waste Used in the Study 

Garden 5.33% 
Kitchen 13.53% 
Paper 6.66% 
Card 3.02% 
Dense Plastic 7.76% 
Plastic Film 6.97% 
Fer 5.12% 
Alu 0.26% 
Glass 1.79% 
Textiles 3.84% 
Fines 6.35% 
Misc Com 21.01% 
Misc Non 18.34% 
Misc 0 
Total 100.00% 

 
The resultant waste stream has the characteristics as shown in Table 18. 
 

Table 18: Chemical and Physical Characteristics of Residual Waste as Modelled 

Moisture % 35.51 Co mg/kg fm 2.78 
C % fm 20.23 Cr mg/kg fm 156.22 
Ash % fm 20.34 Cu mg/kg fm 322.95 

Energy  
LHV, wet, 
MJ/kg 7.81 Fe mg/kg fm 50153.22 

N % fm 0.65 Hg mg/kg fm 0.05 
P-total % fm 0.30 Mn mg/kg fm 473.55 
Extractable Organic Chlorides % fm 3.62 Mo mg/kg fm 4.29 
H % dm 2.82 Ni mg/kg fm 31.01 
O2 % dm 26.78 Pb mg/kg fm 201.75 
F mg/kg fm 182.70 S mg/kg fm 1297.90 
Ag mg/kg fm 0.05 Sb mg/kg fm 4.81 
Al mg/kg fm 5016.84 Sn mg/kg fm 2.39 
As mg/kg fm 4.79 Ti mg/kg fm 285.16 
Be mg/kg fm 0.19 V mg/kg fm 0.52 
Br mg/kg fm 180.01 Zn mg/kg fm 508.87 
Cd mg/kg fm 2.57    
Cl mg/kg fm 5869.71    

 
This information is used to model the emissions of waste treatments in the study. In other words, 
we have not simply taken out-turn data from existing plants since we fully expect the emissions to 
change with the nature of the input waste stream. Modelling treatments in this way is desirable 
(though it presents some difficulties) since if carried out correctly, mass balances can be achieved 
for the different processes. Furthermore, the impact of changing specific parameters becomes 
easier to explore. The less flexible approaches, in which one ‘sets in stone’ data from specific 
treatment facilities, makes a nonsense of any updating of e.g. flue gas treatments, or of what are 
inevitable changes in waste composition over the lifetime of a given fixed facility.  
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This is not a new approach. Hellweg reports that in Germany, the ifeu Institute in Heidelberg 
developed a model for incineration, sanitary landfills, and waste water treatment back in 1994.51 
The model was first used and described in a life cycle assessment study of packaging materials. 
That incineration model considered the incineration process including a wet/semi-dry flue gas 
purification system, the landfilling of slag, and the gathering as well as the transportation of waste. 
It also calculated the required quantities of some ancillary inputs (i.e., Ca(OH)2 and water) but did 
not assess the emissions and resource use resulting from their production. When calculating the 
waste input related emissions of the incineration, the ifeu-model distinguished between waste 
types with different contents of inert substances. 

In 1996, the ETH Zurich in Switzerland also developed a model for incineration, sanitary landfills, 
and waste water treatment. This model was, for instance, used for the calculation of packaging 
inventory data, which are now part of the new Simapro Software. The incineration process (wet 
flue gas purification), landfilling of incineration residues, production of process materials, 
infrastructure, the gathering as well as the transportation of waste are part of the system 
boundaries. Recently the incineration model was renewed, now differentiating between transfer 
coefficients for inert and burnable waste materials. It still seems rather strange that such a model 
was not used as the start point for the development of the UK’s model, WISARD, which is yet to 
achieve this level of sophistication (achieved in other models almost a decade ago). 

55..44..  GGeenneerraall  CCoommmmeennttss  oonn  MMeetthhooddoollooggyy  

55..44..11..  BBoouunnddaarriieess  
Capital equipment is in general not included in the study. Finnvenden et al comment that as a rule 
of thumb, capital equipment for heat and electricity generation, is responsible for a tenth of the 
environmental impacts compared to the overall life-cycle (and they cite, as an example, the study 
by Otoma et al. 1997 concerning municipal solid waste incinerators).52 Comforting though this 
statement may seem, one should not make such sweeping generalizations based upon such scanty 
evidence. Although not included, we do not view them as significant. On the contrary, we suspect 
that in scenarios where one was to apply discounting, these may become rather more important 
than life cycle studies have tended to suggest. 

55..44..22..  TThhee  ‘‘DDaattaa  DDuummpp’’  IIssssuuee  
One frequently finds that life-cycle modelling makes use of data from an array of different sources 
of differing vintage. As one seeks greater ‘completeness’ in the data gathering exercise, the 
temptation inevitably arises to include whatever data is available for even the most obscure 
auxiliary input. Partly for this reason, one frequently finds that life-cycle studies are carried out 
using inventory data spanning periods of a decade or so.  
 
It barely needs pointing out that this leads to serious questions concerning the validity of the data, 
and one has to state quite bluntly that the whole enterprise will always suffer from this type of 
problem since one is necessarily ‘running to stand still’ to keep ahead of the ‘data gathering’ 
game. Indeed, the environmental optimist almost has to hope that the data is out-of-date since this 
would imply the implementation of (hopefully positive) changes in production processes in 
intervening years.  
 

                                                      
51 S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment 
Processes, Dissertation submitted to the Swiss Federal Institute of Technology. 
52 G. Finvenden, J. Johansson, P. Lind and A. Moberg (2000) Life Cycle Assessments of Energy from Solid 
Waste, FMS: Stockholm. Otoma, S., Y. Mori, A. Terazono, T. Aso, and R. Sameshima (1997). Estimation 
of energy recovery and reduction of CO2 emissions in municipal solid waste power generation. Resources, 
Conservation and Recycling 20:95-117. 
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Although it is sometimes claimed that this should not be a major problem, inspection of the 
weightings applied in specific impact categories used in LCA suggest otherwise. Indeed, in the 
process of carrying out this work, it has become quite clear that the choice of inventory data, and 
the allocation of specific emissions to specific chemical classifications used in the weighting 
process, can have an enormous influence on the results. This is obviously the case where specific 
inventory items are weighted heavily in the impact assessment categories.   

55..44..33..  DDeeggrraaddaattiioonn  ooff  CCaarrbboonn    
The way in which climate change is treated in studies of this nature is deserving of some 
discussion. This is usually treated in such a way as total emissions over time are compared 
across the waste management options. Furthermore, the effect of carbon dioxide emissions 
from biogenic sources is usually treated as a ‘neutral process’ since the ‘baseline assumption’ 
is a situation in which the material would have degraded anyway at ambient temperatures.  
 
This is a flawed approach for a number of reasons: 
 
it ignores the time dimension in understanding the flux of greenhouse gases into the 

atmosphere (and this is a criticism one can apply more generally to life cycle studies, 
with a few exceptions);   

the impacts of different greenhouse gases change in their relative economic 
significance as the discount rate applied is changed. This is because the gases have 
different residence times in the atmosphere.  

 
For this reason, a more sophisticated treatment ought to look at the time profile of these (and 
all other emissions). This applies equally to the biogenic greenhouse gas emissions as well as 
the non-biogenic ones (and as far as possible, it ought to apply to all impacts).  
 
In life-cycle modelling, such a sophisticated treatment is not usually sought. However, the 
issue of biogenic carbon can be dealt with through two different ways: 
 

1. One either treats the ‘baseline’ as the scenario in which it is considered that all 
biogenic carbon would be emitted as carbon dioxide anyway, in which  case, where 
carbon is sequestered, one has to subtract the ‘un-emitted’ carbon dioxide; or  

2. one simply treats all carbon related fluxes from a zero baseline.  
 
For comparative purposes, we prefer the latter (since it is intuitively more straightforward). 
There is no ‘subtraction’ of the ‘carbon dioxide emissions which would have occurred 
anyway’ if the material degraded aerobically over time. Other studies use the distinction 
between ‘short-‘ and ‘long-term’ carbon, drawing an arbitrary line in the sand to determine 
the relevance (or not) of emissions from a given process. Of principal concern in this analysis 
is the comparative analysis of the options, not the measurement of an inventory of emissions 
against pre-established criteria. Hence, it is easier to record emissions as they occur.  
 
Once one appreciates the time dimension (and this may be significant in the context of 
decisions regarding climate change emissions, and in terms of their valuation at different rates 
of discount), one begins to appreciate the limitations of setting to one side emissions from 
biogenic sources. In different options, the emissions occur either instantaneously 
(incineration) or over extended periods of time (landfill, compost, anaerobic digestion). 
Standard life cycle analyses are ill-equipped to deal with this issue.53 

                                                      
53 See E. Favoino and D. Hogg (2002) Composting and Greenhouse Gases: A Preliminary Assessment, 
Paper prepared for the technical seminar on Biological Treatment of Biowaste, Brussels, 2002. 
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It is interesting to note that in a review of WISARD, comments included: 
 
‘Carbon sequestration is not discussed, although the subject of greenhouse gas emissions may 
be of importance to users (sic.)’ and 
‘Results for carbon dioxide separate biomass and non-biomass CO2. If the model takes a 
zero-burden approach to waste, all CO2 should be considered equally, as all will contribute 
to any greenhouse effect.’ 
 
It is not clear that these points were acted upon despite their having been made three years 
ago. This is a major flaw in the model.54 

55..55..  TThhee  IIssssuuee  ooff  EEnneerrggyy  DDiissppllaacceemmeenntt  
The recovery of energy from waste is preferable to one where energy is generated without any 
recovery of the resulting energy. How should that benefit be accounted for in environmental 
terms, if at all (should the benefits be viewed solely in terms of an additional private benefit 
from the recovery process)?  
 
The approach usually adopted in studies of this nature is to assume that energy from waste 
‘displaces’ emissions which would be derived from another energy source if it were used to 
supply the equivalent energy. The process is then credited with these ‘avoided emissions’.  
But which energy source is being ‘displaced’ by these processes? The question is more than 
merely academic since in those studies which do not address long-term consequences of the 
fate of landfilled residues, the effect of this assumption is absolutely critical in the analysis of 
life-cycle impacts / external costs of different waste treatments, especially those which 
recover energy.55  
 
Sometimes, a marginalist approach is adopted. Hence, for example, in recent work undertaken 
for the Commission,  
 
electricity and heat recovery will displace the least profitable form of electricity generation in 
the electricity system, which means that the recovery of energy will displace pollution from 
those sources. This gives rise to external benefits for society. 
[…]the external benefit of displaced emissions depends on the energy source that the energy 
replaces. […]  
When valuing the benefit of displaced emissions, emphasis should be placed on 
determining/assuming the marginal source of both the heat and the power replaced. In 
CSERGE et al (1993), EC (1996d) and Brisson (1997) the marginal source of power is 
assumed being coal-fired power stations. This is still a common source to production of 
primary energy in several European countries. Coal-fired power stations are very polluting 
and therefore this assumption results in significant external benefits from displaced 
emissions. However, EC (1996d) and Brisson (1997) also present an alternative scenario 
assuming an average European fuel mix. To choose the right energy source replaced in actual 
calculations, the current and the likely future marginal source of power should be reviewed 
for the specific country. 
                                                      
54 Review of the Environment Agency’s LCA Software Tool ‘WISARD’. Project Record P1/392/1, Swindon: 
Environment Agency. 
55 Those studies for which this is not a key issue are those which look in more depth at the emissions from 
landfilled materials over extended time periods. Where this does not occur, it tends to be air emissions – and 
avoided air emissions – which drive the analysis. Hence, the completeness of the analysis and the time 
horizon adopted in the study clearly impact upon a) the impacts associated with different treatments and b) 
the significance of the energy displacement assumption in the overall analysis. 
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Sometimes it is argued that it is not always correct to assume that the marginal source of power is 
coal-fired power stations. It is argued that the alternative to using energy from incineration of 
waste could very well be energy from new, efficient power plants. However, the marginal 
alternative should always be assessed in the short term from the existing power plants, in which 
case coal-fired power stations are the right marginal source in most EC countries.56 
 
It is extremely debatable whether this analysis is strictly correct. First of all, even if the 
marginalist approach were the correct one, the fact that different energy sources are used at on- 
and off-peak times in many countries would require one to allocate, somewhat absurdly, different 
external benefits depending upon the time at which a particular tonne of waste had energy derived 
from it. In this case, the average source might be a more appropriate choice upon which to base 
the assessment of benefits of energy recovery. 
 
However, the marginalist analysis warrants closer scrutiny still. Most thermal treatment plants are 
constructed on the basis that, as far as possible, they will run at full capacity. It is only to a limited 
degree, therefore, that any switches at the margin occur in which waste which was not destined 
for the plant becomes so, or vice versa. There are few ‘marginal tonnes’ of waste in this context. 
Furthermore, for a facility which will be in place over twenty years, one might reasonably ask 
whether justification of its existence based only upon the ‘short-term’ marginal source is really a 
credible approach. 
 
More importantly, one can ask the question whether the plant really ‘displaces’ any existing 
energy source at all. Might it not be the case that it is simply helping to meet an increasing 
demand for electricity / energy? This is an empirical question, but some possible light is shed on 
this in the ensuing discussion.  
 
Projections for the EU and the UK suggest that demand for electricity is increasing. Within the 
EU, electricity demand is projected to grow at 1.8% per annum between 1997 and 2010 (from 
2,422 TWh to 3,058 TWh).57  Consequently, the increase in electricity supplied from renewable 
energy (250TWh between 1997 to 2010) will not be sufficient to reduce the total supplied from 
non-renewable sources, which will continue to grow (by an estimated 636 TWh from 1997 to 
2010). There is, therefore, no ‘displacement’ of non-renewable sources as such. Renewables and 
non-renewables alike would simply contribute to meeting projected increases in demand.  
 
In the UK, the DTI projects that demand will grow between the present day and 2010 in a manner 
depicted in Figure 1. Demand increases by 10% over the next decade. Policy effectively demands 
that 10% of this will be met by renewable sources (of which energy from waste options are 
examples). Hence, policy suggests that the non-renewable element will remain constant over the 
next decade. Even a 10% growth in renewables does not ‘displace’ the collective generation from 
non-renewable sources. If anything, one might even argue that renewables displace ‘other 
renewables’ to the extent that policy dictates a 10% target for electricity generation from 
renewable sources. 

                                                      
56 COWI (2000) A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and 
Incineration of Waste. Final Report to DG Environment, the European Commission, August 2000. 
57 Figures taken from Energy Outlook (1997 figure) and projection from the Proposal for the Directive on 
Electricity from Renewable Sources (2010 figure). 
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 Figure 17: Anticipated Evolution of  Renewable and Non-renewable Electricity Supply in 
UK58 

 
Where energy from waste is used for district heating, it could be argued that even those 
supporting the marginalist assumption should look more closely at the source of heat energy 
(as opposed to electricity). Equally, some might claim that the CHP plant, to the extent that it 
displaces any source of energy, is displacing ‘other CHP plant’. Hence, if a district heating 
system is in place, the displaced source might be taken to be an alternative CHP supply to the 
district heating system (because the infrastructure itself is likely to be used by a similar plant 
if the energy from waste plant did not exist). 
 
The significance of this discussion is that, depending upon the viewpoint adopted (and it 
seems unlikely that there will be agreement as to which assumption should be carried forward 
because of the different interests involved), the ‘avoided emissions’ credited on the basis of 
energy produced from waste can change radically. For this reason, rather than spending 
resources on seeking to ‘bottom out’ (to the nth degree) the emissions of a vast range of 
treatments, it is extremely important to know what the emissions are from the avoided energy 
sources. This is THE most important assumption in the analysis of waste treatment options. In 
the default model of the life-cycle tool supported by the Environment Agency and SEPA, 
WISARD, the default assumption is that energy generated from waste displaces coal, the 
dirtiest source of energy. This is the assumption most likely to favour energy from waste 
solutions, but it is an increasingly difficult assumption to sustain. 
 
Because of:  
 
the centrality of this assumption under the life-cycle assessments being carried 

out in the UK at present; and  
owing to the ease with which different points of view can be argued; and 
since the assumption affects the analysis, interest groups will oppose the use of 

assumptions which run counter to their interested,  
                                                      
58 Figures from DTI (2000) 
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it needs to be clearly stated that any analysis which avoids addressing sensitivities to this 
assumption is not adequate (and liable to be used by interest groups to support a 
particular perspective). 

55..55..11..  EEmmiissssiioonnss  ffrroomm  EEnneerrggyy  SSuuppppllyy  aanndd  GGeenneerraattiioonn  
In the UK, in a previous analysis by one of the authors, 59 the assumptions used regarding 
avoided emissions were to use: 
 

a) a no energy displacement scenario; 
b) a scenario assuming displacement of the average fuel mix; and 
c) a scenario assuming displacement of coal-fired generation. 

 
Because this assumption is so crucial to the study, these figures were re-assessed.  
 
Method 1 
One approach to generating data was to combine inventory data one fuel extraction and 
processing with that from emissions from power plants in the generation stage.  
 
For the former, work by Boustead for the APME was assessed. Although this work is dated 
1999, the data sources are of a much earlier vintage. Hence, some caution is required in using 
this data. It was noted also that when the figures from the APME were converted from g per 
kg natural gas to kg/kWh energy supplied (accounting for the average conversion efficiencies 
of major UK gas fuelled electricity production) the quantity of natural gas / condensate was 
about three quarters of what national data suggests is required to generate a kWh of 
electricity.  
 
The emissions from fuel combustion in power stations were taken from the National 
Atmospheric Emissions Inventory (NAEI). These relate to the emissions per unit of fuel 
combusted at plants closely corresponding to the ‘Major Power Producers’ (MPPs) used in the 
DTI’s Digest of UK Energy Statistics (DUKES). These were then combined with data from 
DUKES on fuel used to generate electricity (by source) to derive figures for the efficiency 
with which fuel is converted to electricity supplied by the MPPs. Data for 2001 were used. 
The emissions per unit of fuel were then adjusted to account for these efficiencies. This was 
done for coal and for gas.  
 
As a cross check, the derived figures for CO2 emissions were checked against those provided 
by DTI and NETCEN (who are also responsible for the NAEI). These figures were provided 
as emissions per unit of electricity generated. These were 825g/kWh for coal and 414 g/kWh 
for gas in 2000. Adapting these to account for the lower amount of energy supplied (than 
generated) increases these figures to 863g/kWh for coal and 422g/kWh for gas. Our derived 
figures are almost exactly the same for natural gas, but higher for coal than the NAEI data 
suggest. This may be because the factors for carbon emissions in the NAEI date from 1989 for 
coal. It seems entirely possible that the carbon content (per tonne) of coal might have changes 
over this period, the difference in the estimates being 3%.  
 
The derived figures for the generation stage are shown below. To show how significant the 
change would be if one were to assume the displacement effect was from coal rather than gas, 
we have shown (in the bottom row) the impact of changing the assumption from one source 
                                                      
59 Hogg et al (2000) Beyond the Bin: The Economics of Recycling, www.wastewatch.org. Another recent review is 
COWI (2000) A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and 
Incineration of Waste. Final Report to DG Environment, the European Commission, August 2000. 

www.wastewatch.org
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(gas) to the other (coal). The effect would be that the effects of energy use / generation in the 
analysis are magnified enormously when one assumes that coal is being displaced. This is the 
default option in the Environment Agency’s Life-cycle tool, WISARD, and serves to explain, 
in large part, why energy from waste options are made to appear so ‘environmentally friendly’ 
in life-cycle analyses conducted using this tool. One might say this has at least as much to do 
with the assumption regarding avoided burdens as it has with the technology per se. 

Table 19: Air Emissions from Different Electricity Sources (per unit electricity supplied) 

 Unit CO2 CH4 N2O NOx NMVOC 
Coal kg/kWh 8.90E-01 8.14E-06 2.97E-05 2.73E-03 1.30E-05 
Natural gas kg/kWh 4.20E-01  4.40E-05 2.67E-05 2.25E-04 4.42E-05 
Coal as % Natural Gas  210% 18% 111% 1212% 29% 
  CO SO2 PM10 BS  
Coal kg/kWh 4.19E-04 7.69E-03 2.04E-04 1.02E-04  
Natural gas kg/kWh 6.90E-05 1.09E-05    
Coal as % Natural Gas  608% 70749%    

 
Method 2 
In this approach, we have looked at the (now somewhat dated) paper used as background to the 
Royal Commission Environmental Pollution study on Energy and the Environment produced by 
Michaelis.60 That paper provided life cycle inventories for energy generation based upon an earlier 
study (the ETH study).61 The study was intended for use as an information source for the analysis 
of the environmental impacts of energy systems in these countries. The study was completed in 
1996 so would again appear to be rather dated. 
 
The Michaelis report summarised some of those energy systems covered in the earlier study which 
were deemed relevant to the UK. These were:  

 The supply and use of domestic heating fuels: heating oil and natural gas;  
 The supply and use of transport fuels: unleaded petrol and diesel;  
 The supply of electricity to domestic consumers, derived from: coal, gas, oil, nuclear fuels 

and solar radiation;  
 The supply of heat and electricity to domestic consumers using natural gas through three 

different systems. 

Because the ETH study did not specifically examine UK energy systems, then as Michaelis noted, 
the results will not be precisely representative. Particular omissions in the ETH study were the 
absence of combined cycle gas turbine (CCGT) power stations in Europe and the absence of 
brown coal power stations in the UK. For this reason the ETH study has not covered CCGT 
stations - a major omission when considering UK electricity provision.  
 
In this approach, the emissions of some of the key gases are much higher than in the preceding 
analysis. Although one would expect the inventory to include emissions from processes other than 
combustion, even the combustion related CO2 emissions are greater than those outlined in Method 
1. The figure for CO2 emissions from combustion associated with electricity production from 
natural gas is especially high. The data concerning CHP from natural gas are possibly more 
representative (see below).  
 

                                                      
60 P. Michaelis (1998) Life Cycle Assessment of Energy Systems, paper prepared as background to the Royal 
Commission Environmental Pollution study on Energy and the Environment, March 1998. 
61 R. Frischknecht and P. Suter (1996) Environmental Life Cycle Inventories of Energy Systems, ETH, 
Zurich, and Paul Scherrer Institute, Villigen, July 1996 [in German]. 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 58

We are not aware of more up to date studies of the energy life-cycle as it affects the analysis under 
consideration. A study by Entec and Ecobalance UK on the life cycle of PVC and alternatives 
mentions an internal (Ecobalance) source of data for ‘Electricity (United Kingdom) 1998’. 
Without access to this data, it is impossible to know what it contains and what the data represents. 
The fundamental point appears to be, however, that there is little available up-to-date published 
data on life-cycle impacts of the supply, and generation of energy in the UK. 
 
Method 3  
The Michaelis figures are not entirely consistent with those from the full ETH report. These 
were also assessed though they apply to a European average figure for electricity generation 
from natural gas (and data on electricity generation from other fuel sources are available too). 
We have looked at the ETH data. Amongst other things, these show high emissions of CO2 
from gas-fired power stations.  
 
Method 4 
None of the above figures apply explicitly to CCGT generation. Two studies which have 
looked explicitly at CCGT generation are the one looking at UK plant by AEA for the 
European Commission (under the ExternE programme), and the one for the National 
Renewable Energy Laboratory (NREL) in the US.62 Both studies sought to take a full life-
cycle approach to the analysis, and whilst the latter remains truer to this goal in assessing 
specific stages of the cycle more completely, the coverage (in terms of emissions) is more 
scant than in the former case.  
 
Of course, there are also some differences in the technologies assumed – the efficiencies with 
respect to higher heating values were 46% and 48.8% in the UK and US respectively. In the 
US, NOx abatement through selective catalytic reduction was assumed, in the UK no such 
abatement was assumed. In the UK case, it was assumed that NOx emissions other than those 
from the generation stage would be minor, in the US study, the production of natural gas is 
the major source, and the difference is greater than can be explained through reference to the 
reduced NOx emissions from the plant itself.  
 
Notwithstanding these differences, it is quite clear that the studies are describing similar 
generation technologies. Potentially, what is at issue is the level of abatement of specific 
pollutants and the emissions from other stages of the life cycle.  

55..55..22..  SSuummmmaarryy  
In this study, we have sought to retain maximum flexibility with respect to the assumption 
concerning the displaced source of energy. Hence, we examined the following datasets: 
 

1. UK electricity generation from natural gas using the APME data for extraction / 
production of gas and UK atmospheric emissions based upon the NAEI; 

2. European electricity generation from gas from BUWAL / ETH; 
3. UK electricity generation from coal based upon BUWAL / ETH data for pre-

combustion emissions and UK atmospheric emissions based upon the NAEI; 
4. European electricity generation from coal based upon work carried out for the Danish 

Environmental Protection Agency; 
5. European electricity generation from coal from BUWAL / ETH; 
6. European electricity generation from oil from BUWAL / ETH; 

                                                      
62 AEA Technology (1998) Power Generation and the Environment – a UK Perspective, Vol.1, Report for 
DG XII, the European Commission, June 1998; P. L. Spath and M. K. Mann (2000) Life Cycle Assessment 
of a Natural Gas Combined-Cycle Power Generation System, Colorado: National Renewable Energy 
Laboratory.  
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7. European electricity generation from nuclear from BUWAL / ETH; 
8. European electricity generation from hydro power from BUWAL / ETH. 

 
We have carried out an assessment of these energy sources through looking at their 
performance in specific impact categories. What clearly emerges is that the completeness of 
the datasets and / or the presence of specific emissions in the inventory data which happen to 
be heavily weighted in the impact categories massively influences the results in a given 
impact category.  
 
This is very important indeed for a number of reasons: 
 

1. Firstly, different generating facilities will have different emissions to the environment. 
However similar plants may appear, over the life-cycle, their emissions will be 
different (and they will vary in time as well). As such, any dataset necessarily makes 
some assumptions either about the individual plant performance or (if it is intending 
to be ‘representative’) about the ‘average’ emissions; and 

2. Secondly, different datasets have clearly sought to measure different things. In one of 
our datasets, the emissions to the atmosphere of cadmium associated with energy 
production are absent. When they are included, the results in the human toxicity 
assessment change radically. The same applies for datasets which do or do not include 
PAH emissions in their inventory (changes in the impact assessment of the order 
20,000% were observed); 

3. Thirdly, it follows that comparisons across processes which make use of more- and 
less-comprehensive assessments will inevitably (though possibly inadvertently) skew 
the results. Yet the ‘search’ for comprehensive data, and the inevitability of omissions 
in the context of this search, only serve to highlight the fact that impact assessments 
will always be skewed. There must be something to be said, therefore, for 
concentrating upon the key emissions and resources associated with different 
processes (without necessarily denying the utility of the quest for more detailed 
inventory analysis, not least since this may a) improve the accuracy of the assessment 
of the assessment with respect to these key emissions and resources and b) highlight 
the significance of trace quantities of far more toxic compounds); 

4. Lastly, and related to the previous points, the assignation of specific emissions from 
inventory data to specific emissions in a list of those which have been ‘weighted’ in 
the impact assessment stage is sometimes not possible. This is not surprising given the 
lack of rigorous testing of many chemicals which are routinely emitted to the 
environment. But there are other issues which have to raise eyebrows, such as the lack 
of any consideration of the impact of the use of water resources in LCA (which 
locally, may be a major problem), and the enormous problems facing the approach in 
respect of emissions to water and land (which seem even greater than those associated 
with emissions to air, the impact of which will be – as with those to land and water – 
highly location specific). 

 
A clear tension therefore arises in on the one hand arguing for a focus on the emissions which 
are well documented, and on the other, seeking information regarding emissions which, 
however small in quantitative terms, may have a massive influence on specific impact 
categories (raising, in turn, all sorts of questions about the basis, and the accuracy of, the 
weightings in these categories). It is, surprisingly, not uncommon to read in studies that one or 
other sub-process is not considered important since the associated emissions are expected to 
be small. This is almost tantamount to a denial of the utility of the impact assessment stage.  
 
In this work, three assumptions regarding energy recovery are used: 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 60

 The baseline assumption is that energy from waste acts to displace sources of energy 
which would otherwise have to be built (because demand for energy is, disconcertingly, 
one might say, increasing). Therefore, the source of energy being displaced is assumed to 
be one representative of new build energy. Probably, this should be considered to be a mix 
of combined cycle gas turbines (CCGT) and a mix of ‘other renewable energy sources’. 
However, in this study, we assume the displaced source is gas-fired electricity generation 
in the base case;  

 The second – intended to reveal the impact of what has been the default option in 
WISARD – is intended to highlight the significance of switching the assumed 
displacement effect to coal as opposed to gas; and 

 The third, in which no displacement is assumed, is intended to identify (as far as possible) 
the direct emissions from the plant. In this, there is no ‘subtraction of avoided burdens’. It 
might be argued tat this approximates to a situation in which relatively benign (at least as 
regards emissions) forms of renewable energy (such as solar or wind) are assumed to be 
displaced. 

 
In all cases, energy used in the process is accounted for. Similar issues arise as to how to treat 
energy which is actually used. To the extent that the plant implies an increase in use, it would be 
consistent with the above to assume that marginal use is of electricity from CCGT. We have 
assumed that energy used is the same as the energy displaced, and that in the ‘no displacement’ 
system, the source of energy is gas. 
 
Where energy recovery is from combined heat and power plant, it would not be strictly 
correct to allocate the same ‘avoided burdens’ from the heat recovery as from the electricity 
recovery. For the gas fuels cycle in the Danish case under the ExternE programme, the 
external costs from heat generation via CHP were allocated on the basis of exergy. This led to 
externalities per kilowatt hour from heat energy generation being approximately a quarter 
those from the generation of electricity. In the German case study, the same approach led to 
the heat energy externalities being two-thirds of those from electricity generation. In this 
study, an assumption is made that for CHP plant, where burdens are assumed to be avoided, 
the avoided burdens per unit of thermal energy generation are one half those from electricity 
generation.  
 
The assumptions that CCGT, or even a combination of CCGT and ‘other renewables’ 
(representing ‘most likely new build’), are the sources ‘displaced’ should, in our view, 
become the standard for assessing ‘avoided burdens’, with sensitivity analysis conducted 
around these (and there may be rationale for regional variation in the choice). To assume, as 
in WISARD, that the displaced burden is that associated with coal, and to conduct no 
sensitivity around this, seems, in the face of growing electricity demand, incorrect. The 
current policy framework and projections do not support this assumption. Furthermore, to 
effectively close off this assumption from any discussion by embedding it within a black box 
model also seems less than transparent. In recent debates concerning incineration in Wien, 
Austria, this one assumption occupied those involved in the modelling for six months.  
 
One probably ought to view this argument through a ‘resource productivity lens’ rather than 
one which focuses only on ‘waste’. The question then is ‘what would one like the future to 
look like?’ If one maintains that coal is ‘being displaced’ by energy from waste in the context 
of growing electricity demand, one seems to be saying that electricity would,  otherwise, be 
the source of that energy. We either have a world with more coal fired generation, or more 
energy from waste. An entirely different perspective suggests that current energy sources 
should shift towards renewables. One takes the view that new sources of energy should be 
clean, and that waste should be treated in an environmentally sound manner, recognizing 
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(through the avoided burden approach) that some environmental impact from energy 
generation is inevitable.  
 
The difference between the two perspectives is important. In the former, treatments which 
lead to significant emissions from the plant itself are made to appear ‘less bad’ because of the 
pollution displacement – as long as they produce energy. The question of which technique is 
better is reduced to one of which produces more energy. In the latter, the ‘credit’ associated 
with energy is less. The spotlight turns upon the direct emissions from the waste treatment 
plant. The former view is a reflection of a system of dirty energy production (the past), the 
latter reflects a forward looking perspective in which energy generation is a less 
environmentally offensive process.  
 
A review of the WISARD model suggested: 
 
‘The tool must include more options for avoided electricity production: average electricity 
generation, coal generation and gas fired CCGT generation, use of renewable energy sources 
(for the Scotland and England / Wales grids separately if possible)’… 
‘The avoided electricity production might also be from other types of solid waste which are 
currently landfilled, and a short discussion of this, and how it may be modelled within 
WISARD, should be included in the documentation’63 
 
It is not clear to what extent the significance of the choice of ‘avoided’ energy source is really 
made clear to users of the model (or indeed, whether it is clear to the developers). This leaves 
the model open to serious criticism that it has been inclined to portray energy from waste 
technologies in a more favourable light than would be the case under any alternative 
assumption. The lack of sensitivity analysis with respect to any change in this assumption is 
quite astonishing given its potential importance in the model as it is currently constituted. 
 
 
 

                                                      
63 Review of the Environment Agency’s LCA Software Tool ‘WISARD’. Project Record P1/392/1, Swindon: 
Environment Agency. 
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66..00  LLAANNDDFFIILLLL  
Our model for landfill builds on earlier work undertaken by one of the authors in work for Waste 
Watch and Friends of the Earth, subsequently developed in unpublished study for the European 
Commission. In our earlier work, which focused on valuation of externalities, the key variables 
driving the external cost analysis were: 

Methane generated by the waste landfilled (and the model was set up to handle different 
waste compositions); 

Oxidation rate of methane through the cap; 

Landfill gas collection efficiency; 

Where energy is recovered from the landfill gas;  

o the efficiency of the energy recovery process; and 

o the assumption made concerning any displacement of burdens associated with 
fuels assumed to be ‘displaced’ by the energy from the waste. 64 

In another study by COWI, the key externalities were: 

Disamenity; 

Global warming emissions especially methane; and 

Where energy is recovered, avoided pollution.65 

The largest externality in the study is that from disamenity which, as the report notes, is based 
upon a meta-analysis of US studies relating to disamenity. This is highly sensitive to the 
assumptions used concerning the average household density in the vicinity of the landfill and 
average (without-landfill) real estate prices. As regards the treatment of other externalities such as 
leachate, the COWI report made use of two reports to attribute leachate externalities which were 
assumed to be between zero and €1.01 for a well-operating landfill, and between €1.01 and €2.03 
per tonne of MSW for older sites without liners.  
 
The earlier study involving the author did not look at leachate but recognised that this may be a 
significant problem, if not today, then in the future.66 Liabilities for clean-up could be significant 
in the event of hazardous materials leaching from landfills. Other omissions identified in the 
Waste Watch study were: 

All the relatively fixed externalities, such as the impacts associated with landfill 
construction and engineering, any changes in non-use values of specific sites, and 
possibly, any non-market benefits from recreational uses post-closure (though these might 
have to be considered against counterfactual land-uses); 

                                                      
64 See Hogg et al (2000) Beyond the Bin: The Economics of Recycling, www.wastewatch.org. 
65 COWI (2000) A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and 
Incineration of Waste. Final Report to DG Environment, the European Commission, August 2000. 
66 One study lists 23 different emissions to water as well as emissions to air of VOCs, hydrogen sulphide, 
sulphur dioxide, dust, carbon monoxide and NOx. These were from landfilling contaminated bottle fractions 
only (Bez, J.; Heyde, M. and Goldhan, G. (1998): Waste Treatment in Product Specific Life Cycle 
Inventories, An Approach of Material-Related Modelling, Part II: Sanitary Landfill. Int. J. LCA 3, 100-105). 

www.wastewatch.org
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All impacts associated with the use of on-site vehicles; 

Emissions of gases other than CO2 and CH4 (ozone depleting chemicals, such as CFCs, 
are believed to arise from landfills); and 

A number of other impacts whose status is ‘unproven’ as yet, for example, the possible 
problems in respect of birth defects that have been mentioned in the context of landfilling. 
Although ‘unproven’ as such, there are several studies which have drawn statistical 
associations between birth defects and landfills. 

Also noted was the fact that the possibility remains for heavy metals (from, for example, 
fluorescent tubes) to enter water courses through breaching landfill liners in the future. This is 
possibly one example of the ‘low probability, high consequence risks’ which social theorists have 
recently sought to come to terms with. Another example would be explosions from gas pockets in 
landfill sites. All of the above (apart from the possible benefits from non-market recreation and 
amenity post-closure – likely to be heavily discounted) are negative externalities. As such, the net 
externalities quoted by both the Waste Watch study and the COWI study probably both paint a 
more positive picture of the true situation regarding landfill than is warranted. Several aspects and 
pollutants are not subject to valuation and these tend to be factors which are overwhelmingly 
negative in their general implications. In addition, the COWI report is at least suggestive of the 
fact that disamenity may be a significant component of the external costs associated with landfill. 
This is of some significance since life-cycle studies, which are frequently used to assess the 
environmental impacts of waste treatment options, have almost nothing to say about disamenity 
effects.67  
 
Another possible flaw in earlier models has been the treatment of landfilled materials. One study 
assumed that an almost inert residue remains after 100 years although no arguments supporting 
this assumption were presented.68 Another study acknowledged that emissions continued for 
hundreds of years but limit their modelling to a hundred year period because the fate of the 
disposed compounds is more or less unpredictable hereafter.69 Such assumptions are clearly 
questionable and generally reflect an attempt to simplify what is a complex area for analysis. 
 
The issue has been explored by Finnvenden in particular as well as Hellweg.70 Furthermore, other 
studies have been carried out in both Austria and the United States on the longer term impacts of 
landfilling.71 The key message of these studies may well be that the long-term impacts of 

                                                      
67 Some impact assessments seek to account for land use, but this is extremely crude, and indeed, it leads to 
different aggregation methods giving radically different results where landfill is concerned (see, for 
example, S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment 
Processes, Dissertation submitted to the Swiss Federal Institute Of Technology). 
68 Bez, J.; Heyde, M. and Goldhan, G. (1998): Waste Treatment in Product Specific Life Cycle Inventories, 
An Approach of Material-Related Modelling, Part II: Sanitary Landfill. Int. J. LCA 3, 100-105 
69 Nielsen, P. H., and M. Hauschild (1998). Product Specific Emissions from Municipal Solid Waste 
Landfills. Int. J LCA 4:158-168. 
70 See Finnveden, G. (1992): Landfilling - a Forgotten Part of Life Cycle Assessments. In: Product Life 
Cycle Assessments - Principles and Methodology, 263-280, Nord 1992:9, Nordic Council of Ministers, 
Copenhagen, Denmark; Finnveden, G. (1996): Solid Waste Treatment within the Framework of Life-cycle 
Assessment-- Metals in Municipal Solid Waste Landfills. Int. J. LCA 1, 74-78; J.-O. Sundqvist (1998) 
Landfilling and Incineration in LCA and System Analyses, Paper presented at Systems Engineering Models 
for Waste Management, International workshop in Göteborg, Sweden, 25 -26 February 1998; S. Hellweg 
(2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment Processes, 
Dissertation submitted to the Swiss Federal Institute Of Technology. 
71 AWS, IFIP & GUA (2000) Bewertung abfallwirtschaftlicher Maßnahmen mit dem Ziel der 
nachsorgefreien Deponie – BEWEND. Unpublished case study Institute for Water Quality and Waste 
Management TU Vienna, Institute for Public Finance and Infrastructure Policy TU Vienna & Gesellschaft 
für umfassende Analysen GmbH, Vienna, Austria. 
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landfilling are one of the dominant issues in determining the environmental performance of 
different waste management systems.  
 
Finnvenden et al suggest: 

It is important at this moment to stress that the environmental impacts from landfills can be 
seriously underestimated if the period after 100 years is neglected, and that we are facing a new 
"forgotten point" in LCA if we don’t treat this period with the greatest care.  

1. Because emissions from landfilled materials do continue after 100 years. For example, 
only a small fraction of the landfilled metals are expected to be emitted during the first 
century, typically between 0,001 and 0,1% of the landfilled amount (Finnveden, 1996). If 
only emissions during the first century are considered, the total emissions may therefore 
be underestimated by a factor of more than thousand. 

2. Because the residues in the landfill (e.g. glass, plastic, metal pieces, concrete, heavy 
metals and organic chemicals) may be unpleasant or toxic and hence limit the utility of 
the land above the landfill as well as the underground (the abandoned landfill it self) far 
beyond the 100 year period. 

To summarise in short: it is obvious that there will be environmental impacts from landfilled 
materials after 100 years 1) because of emissions and 2) because of recalcitrant residues 
remaining in the underground. Therefore, the period after 100 years should in one way or another 
be included in LCAs unless impacts on future generations are to be neglected. […] 

There are essentially two different approaches to handle the long term emissions from landfills. 
One is to try to model the emissions also for longer time periods while acknowledging the 
difficulties […]. The other approach is to say that it is impossible to model the long term 
emissions from landfills in a meaningful manner and future studies should address how residues 
remaining in landfills after 100 years shall be treated in the LCA impact assessment step. Only 
future research can reveal which approach is most useful. For the moment however, our message 
is clear: Long-term emissions from landfills should not be disregarded.72 
 
Similarly, Hellweg, in comparing incineration and thermal treatment technologies, states: 
 
if the plant is equipped with a modern gas purification system the incineration process itself is not 
a key environmental problem of the system considered. Using the energy gained from waste 
incineration as the functional unit, the environmental impacts of incineration plants are 
comparable to that of a conventional power plant. If long-term time horizons are considered, the 
critical aspect is the release of heavy metals from the landfilled incineration residues. Due to the 
better quality of the solid outputs new technologies have a lower potential for environmental 
impact than the conventional grate technology. This, however, depends on the time horizon 
considered. With a temporal system boundary of 100 years, the grate technology appears better, 
because new technologies generally use more energy and short-term emissions are of minor 
importance no matter what technology is used.73  
 
The discussion is an important one since, for example, the implied logic of dry scrubbing of flue 
gas emissions is that the resulting emissions from concentrating harmful elements in a residue. 
Hence, Hellweg states: 
 

                                                      
72 G. Finvenden, J. Johansson, P. Lind and A. Moberg (2000) Life Cycle Assessments of Energy from Solid 
Waste, FMS: Stockholm. 
73 S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment 
Processes, Dissertation submitted to the Swiss Federal Institute Of Technology. 
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‘The airborne emissions [from incinerators] have been reduced considerably, but many 
problematic substances such as heavy metals have only been transferred to the solid incineration 
outputs, bearing the risk of future emissions to the groundwater if the residues are landfilled. 
Consequently, research activities in Switzerland have been focused on the long-term heavy metal 
emissions from landfills for incineration residues.’ 
 
It is typically suggested that residues can be deposited / stored in such a way that such deposits / 
storage facilities (in many cases, landfills) are safe. Yet recent research suggests they are not. 
Unless adjustments are made elsewhere in the analysis, then since ‘life-cycles’ are being 
considered, these emissions should be estimated.  

66..11..  TThhiiss  AAnnaallyyssiiss  
Figure 18 below shows the approach undertaken in the modelling. Note the way in which gaseous 
emissions are treated. The unit damage costs for greenhouse gases are also adjusted to reflect the 
choice of discount rate. Quantitative data for emissions are given in the following sub-sections. 

66..11..11..  AAiirr  EEmmiissssiioonnss  
Emissions to air from landfill are assumed to come from landfill gas (LFG). Fugitive emissions of 
airborne dust from landfill activities during the operational stage of the landfill are not considered 
here. Some studies have addressed the issue of emissions from the landfill construction and 
engineering phases and these tend to be small relative to the total emissions for modern large-scale 
landfills.74 On the other hand, they do occur, by definition, at an earlier time, so if one was 
discounting emissions heavily, they may in fact be assume greater importance from an economic 
perspective. 
 
From the landfilling of a tonne of residual municipal waste, emissions will occur over time as the 
material degrades. Different fractions of waste will degrade at different rates. Typically, this has 
been modelled using first order decay functions with different materials being characterised by 
different time constants for their rates of decay. The equations used in this analysis are, therefore: 
 

Emissions = ∑DOC*FCD*e-kt 
 
Where DOC is the degradable organic carbon fraction, FCD is the fraction of organic carbon 
dissimilable, and k is the material specific time constant driving the decay kinetics.  
In this work, we have looked at the decay of materials and used the following parameters to 
characterise the decay functions (see Table 20). 
 
These are based on work undertaken by the IPCC and by AEA Technology for the European 
Commission.75 They have been validated to some extent through assessing the implied methane 
emissions from the materials and cross-checking against work undertaken in the United States and 
by the UK Environment Agency.76  
 
                                                      
74 Gregory, R. G. and A. J. Revans (2000) Part One, in Environment Agency (2000) Life Cycle Inventory 
Development for Waste Management Operations: Landfill, Project Record P1/392/3, Bristol: Environment 
Agency. 
75 IPPC (u.d.) Good Practice Guidance and Uncertainty Management in National Greenhouse Gas 
Inventories (available at IPPC website); Smith, A., K. Brown, S. Ogilvie, K. Rushton and J. Bates (2001) 
Waste Management Options and Climate Change, Final Report to the European Commission, DG 
Environment, July 2001. 
76 Barlaz, M. (1997) Biodegradative Analysis of Municipal Solid Waste in Laboratory-scale Landfills, EPA 
600/R-97-071, Washington, DC: USEPA. Gregory, R. G. and A. J. Revans (2000) Part One, in Environment 
Agency (2000) Life Cycle Inventory Development for Waste Management Operations: Landfill, Project 
Record P1/392/3, Bristol: Environment Agency. 
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On the basis of the decay functions, emissions of methane are allocated to specific years. This is 
not strictly accurate since, as is well-known, the production of different gases in landfills varies 
over time and methanogenic phases do not commence immediately. However, the attempt here is 
to ensure that the significance of the time dimension is captured in the analysis, so as a first order 
approximation, the model should perform acceptably within the bounds of existing knowledge. 
 

Table 20 Parameters In The First-Order Decay Functions Used In Modelling Landfill 
Gas Emissions 

Model Factors k Degradable 
Organic Carbon 

Fraction of Organic 
Carbon Dissimilated 

Paper 0.03 40% 35% 
Textiles 0.03 20% 30% 
Miscellaneous combustibles 0.03 28% 35% 
Kitchen waste 0.20 15% 75% 
Garden waste 0.10 22% 50% 
Average putrescibles  19% 64% 
Fines 0.06 9% 60% 
Wood 0.03 28% 35% 
Source: Figures were based upon a review of IPPC (u.d.) Good Practice Guidance and Uncertainty 
Management in National Greenhouse Gas Inventories (available at IPPC website); Smith, A., K. Brown, S. 
Ogilvie, K. Rushton and J. Bates (2001) Waste Management Options and Climate Change, Final Report to 
the European Commission, DG Environment, July 2001. For the most part, AEA figures were used except 
for the degradable organic carbon fraction of paper (IPPC value used). For kitchen waste and garden 
waste, the degradable organic carbon fractions were adjusted downwards to reflect the estimated carbon 
content of these wastes. For garden waste, this may vary with the seasons. 
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Figure 18 Modelling of Landfill Gas Emissions in the Study  
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In the study, we have assumed that landfill gas is always (for each component and in each year) 
50% of the total. ‘Raw’ methane and carbon dioxide emissions are then converted to emissions to 
the atmosphere using the following (variable) parameters:77 
 

1. The overall efficiency of gas collection; 
2. The percentage of uncaptured methane which is oxidised (to carbon dioxide) in leachate 

and at the cap; 
3. The proportion of captured methane used to generate energy (with the remainder used for 

flaring). 
 
This approach clearly incurs errors relative to the actual situation. However, in assessing the 
impact of specific waste fractions and in attempting to incorporate some of the dynamics of 
landfill gas generation, it is argued that this is an improvement upon earlier attempts to model the 
external costs of landfill emissions. The principal advantages of this approach are: 
 

 That the effect of different discount rates (implying different unit damage costs 
for greenhouse gases, both in absolute and relative terms) upon the externality 
calculus can be assessed; and 

 That the effect of changing the composition of materials landfilled can also be 
assessed. 

 
Methane emissions to the atmosphere and methane emissions captured are both used to estimate, 
on a proportional basis, emissions of different trace gases in a given year using the relative 
composition of gas outlined in below. The way this is done is to normalise the concentrations (by 
weight) so that: 
 

 With the emissions of CO2 re-based to (88/16) (the relative weight of carbon 
dioxide emitted to methane captured, under the assumption that half the gas by 
volume is carbon dioxide), the weights of trace gases associated with flaring / 
energy recovery are derived by multiplying by the quantity of methane captured 
for flaring / energy generation; and 

 With the CH4 emissions set to 1, in the uncollected landfill gas case, the relative 
emissions of other gases in uncollected landfill gas are calculated by multiplying 
the relative proportions of the gases in uncollected landfill gas by the quantity of 
uncollected methane. 

 
There are some inconsistencies in this approach, the principal one being that the White et al data 
make little allowance for changes in the level of oxidation of methane through the cap of the 
landfill site. Our model incorporates this as a variable. It is important to appreciate here that 
oxidation may appear not only at the cap (and typical estimates in the literature are 10%), but also 
in the leachate, so that total oxidation of methane to carbon dioxide may be greater than is 
sometimes suggested. This makes the data in Table 21 somewhat strange since it suggests that 
more than 50% (actually, 55%) of the uncollected landfill gas is methane.  
 
Landfill Fires 
In addition to these ‘biodegradation emissions’, we have followed the approach of Finnvenden et 
al and modelled the occurrence of landfill fires.78 Landfill fires frequently take place, 0.5 
                                                      
77 Note again that these parameters are kept constant across time. A more detailed treatment would assess 
the potential for capture etc. across time in the landfill. This might show, for example, relatively small 
amounts captured in the earlier and later years. 
78 G. Finvenden, J. Johansson, P. Lind and A. Moberg (2000) Life Cycle Assessments of Energy from Solid 
Waste, FMS: Stockholm. 
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to 1 times per year and landfill. Emission factors for domestic waste landfill fires from 
Fliedner79 and Sundqvist80 are used. These are allocated to the combustible part, which is 
also suitable in this study. Only the emissions of chlorobenzene, dioxins, PAH, PCB and 
Hg are documented. Fliedner and Sundqvist assume that only 25% of the emissions from 
landfill fires will actually become air emissions, since the rest will fall back down on to 
the landfill and this figure is also used here.  
Table 21 Air Emissions From Landfilling, Including Landfill Gas And Flare/Engine 
Exhaust (All Amounts Are Given In Mg/Nm3 Of LFG). 
mg/Nm3 Flare/engine exhaust  Landfill gas 
CH4 - 392,860 
CO2 1,964,290 883,930 
CO 800 13 
H2S 0.033 200 
HCl 12 65 
HF 0.021 13 
HC 60 2000 
Chlorinated HC 10 35 
Dioxins 0.0000008 - 
PM10 4.3 - 
NOx 100 - 
SOx 25 - 
Cd 0.0000094 0.0056 
Cr 0.0000011 0.00066 
Pb 0.0000085 0.0051 
Hg 0.000000069 0.000041 
Zn 0.00013 0.072 

Source: From White et al (1995). 

66..11..22..  EEmmiissssiioonnss  ooff  LLeeaacchhaattee  ttoo  SSooiill  aanndd  WWaatteerr  
In the externality assessment, we will use the assumptions made in the COWI report, though in 
practice, these have (as that study notes) significant limitations. COWI indicate the considerable 
variation in the composition of leachate. Emission factors in grams of pollutant per tonne of MSW 
landfilled were estimated by COWI. The average leachate concentrations used to determine best 
estimates for emission factors represent averages over 20-30 years, the period of time for which 
data is available from landfill sites, and give an indication of the order of magnitude of the 
emissions. These are shown in Table 22 and Table 23. These data have been used to characterise 
raw leachate emissions. 
 
Bez et al assumed that of leachate, 90% would be captured, and 10% would become diffused 
pollutants. Nielsen and Hauschild made an assumption that 80% of the leachate from the landfill 
would be collected with the remaining 20% leaking to aquatic recipients.81  
 

                                                      
79 A. Fliedner (1999). Organic Waste Treatment in Biocells. A Computer-based Modeling Approach in the 
Context of Environmental Systems Analysis. Master of Science Degree Thesis. Royal Institute of 
Technology, Stockholm. 
80 J.-O. Sundqvist (1999). Life Cycle Assessments and solid waste - Guidelines for solid waste treatment and 
disposal in LCA. IVL, Swedish Environmental Research Institute, 
Stockholm.) 
81 J. Bez; Heyde, M. and Goldhan, G. (1998): Waste Treatment in Product Specific Life Cycle Inventories, 
An Approach of Material-Related Modelling, Part II: Sanitary Landfill. Int. J. LCA 3, 100-105; P. Nielsen 
and M. Hauschild (1998). Product Specific Emissions from Municipal Solid Waste Landfills. Int. J LCA 
4:158-168. 
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A submodule of municipal sewage treatment is used to characterise the environmental impact of 
the effluent treatment plant. Bez et al used estimated purification efficiencies at the plant to 
characterise the material. They also used figures to estimate the degree of retention of key 
pollutants on sewage sludge. They assumed that reduction in BOD yields biological raw sludge 
which generates digester gas under anaerobic pre-treatment. For each kg BOD, 0.3m3 digester gas 
was assumed to be produced, and is used to generate electricity.  
 

Table 22 Emission Factors For Leachate From MSW Landfills (all factors in g/tonne 
MSW landfilled). 

Best estimate* Low estimate High estimate g/tonne 

L1 L2 L2 L2 
Organic substances:     
TOC - 2,177 5 4,350 
BOD - 4,277 3 8,550 
COD - 11,411 21 22,800 
Organic N - 189 2 375 
Inorganic macrocomponents:     
Total P - 2 0.02 3 
Chloride - 349 23 675 
Sulphate - 582 1 1,163 
Hydrogen carbonate - 595 92 1,098 
Sodium - 583 11 1,155 
Potassium - 281 8 555 
NH4-N - 169 8 330 
Calcium - 541 2 1,080 
Magnesium - 1,127 5 2,250 
Iron - 413 0.5 825 
Manganese - 105 0.005 210 
Silicate - 6 1 11 
Heavy metals:  
As - 0.1 0.002 0.2 
Cd - 0.03 0.00002 0.1 
Cr - 0.1 0.003 0.2 
Co - 0.1 0.001 0.2 
Cu - 1 0.001 2 
Pb - 0.4 0.0002 1 
Hg - 0.01 0.00001 0.02 
Ni - 1 0.002 2 
Zn - 75 0.005 150 
Note: Best estimates are calculated as the arithmetic mean of the high and low estimates. 
Source: COWI (2000)  
 
Finnvenden et al assumed the collected leachate was transported to a municipal waste water 
treatment plant. The leachate treatment plant removal factors were taken from Fliedner.82 
Reduction of nitrogen is achieved through conversion to nitrogen gas released to the atmosphere. 
50% of the nitrate is converted, the remaining 50% of the nitrate is assumed to be emissions to 
water. Purifying the leachate demands 0.001 MJ/ kg water and 2 litres of leachate is assumed to 
arise from 1 kg of waste. This figure is used for all fractions of waste. The energy used for 
purification is assumed to be electricity and the source of this electricity is coal. 
 

                                                      
82 A. Fliedner (1999) Organic Waste Treatment in Biocells. A Computer-based Modelling Approach in the 
Context of Environmental Systems Analysis. Master of Science Degree Thesis. Royal Institute of 
Technology, Stockholm. 
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The sludge from the leachate treatment is landfilled. When landfilling the sludge, the leachate 
purification step is excluded. To get the carbon content of the sludge the COD value is divided by 
three as a rule of thumb (Björklund 1998) and the carbon is assumed to be easily degradable. The 
amount of carbon in the sludge is very small compared to the carbon content of the waste handled 
and therefore this approximation will not be of importance. 

Table 23 Emission Factors For Specific Organic Compounds In Leachate From MSW 
Landfills (all factors in g/tonne MSW landfilled). 

Best estimate* Low estimate High estimate g/tonne 

L1 L2 L2 L2 
Aromatic Hydrocarbons:     
Benzene - 122 0.2 245 
Toluene - 923 0.2 1,845 
Xylene - 263 1 525 
Ethylbenzene - 96 0.2 192 
Trimethylbenzene - 19 1 38 
Naphthalene - 20 0.02 39 
Diethylphthalate  50 2 99 
Di-n-butylphthalate - 2 1 2 
Butyl-benzyl-phthalate - 1 1 1 
Chloromatic Hydrocarbons:     
Chlorobenzene - 8 0.02 17 
1,2-Dichlorobenzene - 2 0.02 5 
1,4-Dichlorobenzene - 1 0.02 2 
1,1-Dichloroethane - 3 0.1 7 
1,2-Dichloroethane - 1 0.9 1 
1,1,1-Trichloroethane - 286 0.02 572 
trans-1,2-Dichloroethylene - 7 0.2 13 
cis-1,2-Dichloroethylene - 35 0.2 71 
Trichloroethylene - 56 0.1 113 
Tetrachloroethylene - 19 0.02 38 
Methyl chloride - 5 0.2 10 
Chloroform - 5 0.2 11 
Carbon tetrachloride - 1 1 1 
Phenols:     
Phenol - 90 0.2 180 
Ethyl phenols - 45 45 45 
Creosols - 158 0.2 315 
Pesticides:     
MCCP - 7 0.3 14 
2,4-D - 0.5 0.2 1 
Other:     
Acetone - 330 1 660 
Tetrahydrofuran - 33 1 65 
Methylethylketone - 503 17 990 
Tri-n-butylphosphate - 27 0.2 54 
Triethylphosphate - 2 2 2 
Camphor - Identified 
Fenchone - 4 3 5 
Notes: Best estimates are calculated as the arithmetic mean of the high and low estimates 
Source: COWI (2000)  
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66..11..33..  BBiioorreeaaccttoorr  LLaannddffiillllss    
Containment of waste combined with the operation of the landfill as a large 'bioreactor' has been 
proposed. This involves operating the landfill to accelerate the decomposition processes, such that 
the production of leachate and landfill gas occurs as early as possible and when the collection and 
treatment systems are in working order.83  
 
These types of landfill are not considered further here. However, it should be noted that where gas 
capture and leachate capture / treatment are improved, so does the performance of the landfill. 
This is improved performance is related in part to the time profile of emissions, and the degree to 
which these are subject to control over time. 

66..11..44..  AAvvooiiddeedd  BBuurrddeennss  dduuee  ttoo  EEnneerrggyy  PPrroodduuccttiioonn  
The approach to calculating externalities associated with avoided energy use is, as discussed 
above, undertaken using country-specific avoided external costs where it being assumed that there 
is a net displacement effect. The electricity generated is calculated from the partitioning of total 
gas into that which is uncollected, flared and used for energy recovery. Of the recovered fraction, 
it is assumed that each tonne of methane gives up 50.4 GJ of energy (or 14,000 kWh per tonne, or 
36 MJ/m3 methane). Of this collected fraction, the fraction generated as electricity depends upon 
the efficiency of transformation of this energy, which is a parameter which can be entered into this 
model. Typical efficiencies appear to be of the order 30%. This is the default figure used. 

66..11..55..  HHeeaalltthh  EEffffeeccttss    
In addition, there has been some discussion about the health effects of landfill. There are still 
uncertainties in the available knowledge as to how landfills affect human health. Recent work in 
the UK mentions the possibility (though no firm cause-effect relationship is suggested) of landfills 
being responsible for birth defects in the surrounding area.84 Further work is being undertaken in 
this context. 
 
 

                                                      
83 T. Bramryd (1998) Biological Waste Treatment Techniques from an Ecological Viewpoint, ISWA 
Yearbook 1997/98, pp.68-75. 
84 Paul Elliott, Sara Morris, David Briggs, Cornelis de Hoogh, Christopher Hurt, Tina Kold Jensen, Ian 
Maitland, Alex Lewin, Sylvia Richardson, Jon Wakefield and Lars Jarup (2001) Birth Outcomes And 
Selected Cancers In Populations Living Near Landfill Sites, Report to the Department of Health, August 
2001, The Small Area Health Statistics Unit (SAHSU), Department of Epidemiology and Public Health, 
Imperial College. 
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77..00  IINNCCIINNEERRAATTIIOONN  
 
The impacts of incineration vary across materials and across types of facility. This has been made 
clear in work on plastics carried out in Germany where the debate concerning feedstock recycling 
and incineration continues to generate considerable debate.85  
 
Increasingly, efforts have been made to develop life cycle inventories which are specific to input 
materials. One problem with this is that the specific inventories are affected by the nature of the 
flue-gas cleaning systems in place. This affects not only the material inputs to the process (which 
will vary in their intensity with the specific input materials), but also the emissions and the 
manner in which specific pollutants are ‘partitioned’ in emissions to air, land and water. Properly 
understood, this is a complex problem in which, ideally, one specifies: 
 
 Input materials and variability of composition; 
 The nature of the flue gas cleaning system in place; and 
 The nature of the treatment of bottom ash residues; and  
 The nature and treatment of the air pollution control residues and their fate. 
 
Each of these is susceptible to change over time, either due to evolution in the waste management 
system (changing the composition of input materials), or due to changes in legislation (requiring 
changes in flue gas treatment systems and (related) changes in the treatment of air pollution 
control residues). 
 
The variability in incinerator emissions and performance is likely to make itself manifest between 
and within years, since quantities and composition vary over time. It also varies across 
incinerators of apparently similar characteristics.  
 
Enviros Aspinwalls, for the NSCA86, have collated data for incinerator emissions from the 
Environment Agency Inventory of Substances Released database (ISR). Emissions measurements, 
recorded by the operator and in one case by the EA, were also supplied for four plants for the year 
2001. This data has been used in conjunction with the ISR data in calculations which follow. Data 
from the Bolton incinerator have not been included in this study as it was undergoing (a 
protracted) commissioning during the relevant period. 

It was assumed that these emissions were representative and consistent over the year; the median 
values were taken for emissions data sets, after scanning and removal of data considered likely to 
be unreliable by the consultants. All data used was accepted de facto. Data references are listed in 
the footer.87 

                                                      
85 See, for example, M. Kremer (1999) Verwertung von Kunstoffabfallen aus Sammlungen des Dualen 
Systems im Verhafen des Sekundarrohstoff-Verwertungszentrums Shwarze Pumpe; Fraunhofer Institut, 
Freising 1999, unveroffentlichte Vorabfassung; M. Kremer, G. Goldhan and M. Heyde (1998) Waste 
Treatment in Poduct Specific Life Cycle Inventories: An Approach to Material-related Modelling: Part 1, 
Incineration, Int. J. LCA 3 (1) 47-55; Dehoust et al (1999) Plastic Packaging Waste – Comparison of 
Feedstock Recycling and Energy Recovery in Germany, Commissioned by Arbeitsgemeinschaft 
Verpackung und Umwelt (AGVU), Darmstadt / Essen 1999. 
86  Enviros Aspinwalls (2002) Comparison of Emissions from Waste Management Options, Enviros 
Aspinwalls for NSCA June 2002. 
87  1 Teesside Incinerator, Cleveland - Inventory of Substances Released (ISR) 2000. (235,000 T in  
2000). 
2 Coventry Incinerator - ISR 2000. There is no data on the exact quantity of waste processed in 2000. 
The incinerator has been assumed to operate at design capacity. (215,000 T per year). 
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Table 24: Incinerator Emissions Using Operational Data 
Substance Emissions (g/tonne 

except where 
otherwise stated) 

Best Estimate Uncertainty Data Refs Comments 

Nitrogen Oxides  1292.3, 1798.8, 
1797.0, 1721.7, 
1565.3, 1263.8, 
1201.9, 1593.8, 
1283.8, 1781.0, 
1735.3, 932.5, 
1239.6, 1992.6, 
510.4, 1037.4, 
1200.0 

1600  ± 600  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 
13, 14, 15,16,17 

 

Total Particulates  54.8, 23.3, 42.6, 
33.3, 12.0, 50.1, 
30.8, 43.0, 50.3, 
101.8, 39.2, 100.6, 
38.4, 0.7, 62.1, 23.3 

38  ± 30  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11,12, 13, 
14, 15, 16, 17 

 

Sulphur Oxides  288.4, 79.5, 34.5, 
33.3, 33.3, 12.0, 
120.2, 58.5, 189.1, 
50.3, 101.8, 69.0, 
10.1, 32.8, 12.6, 
120.5, 27.5 

42  ± 80  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 
13, 14, 15, 16, 17 

 

Hydrogen Chloride  215.0, 42.7, 61.2, 
55.5, 94.7, 54.6, 
55.1, 73.8, 49.0, 
63.4, 117.5, 23.2, 
12.4, 53.1, 30.1, 
66.7 

58  ± 50  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 
13, 14, 15, 17 

 

Hydrogen Fluoride  1.7, 1.1, 0.3, 0.5, 
0.1, 1.3, 1.1, 1.1, 
5.4, 0.8, 3.4, 0.3 

1  ± 2  1, 2, 3, 6, 7, 8, 9, 
10, 11, 12, 13, 17 

 

Volatile Organic 
Compounds 

2.0, 42.4, 40.6, 3.3, 
15.2, 2.5, 1.5, 4.3, 
5.0, 10.2, 2.8, 80.6, 
45.4, 29.2, 20.0 

8  ± 20  1, 2, 3, 4, 6, 7, 8, 
9, 10, 11, 12, 13, 
14, 16, 17 

 

                                                                                                                                                                
3 Edmonton Incinerator - ISR 2000. (542,000 T in 2000). The data for carbon dioxide was  excluded 
from Table 2.1 and subsequent evaluation because it was considered suspect. 
4 Eastcroft Incinerator, Nottingham - ISR 2000. (150,000 T in 2000). 
5 Eastcroft Incinerator, Nottingham - ISR 2001. The incinerator has been assumed to operate at 
design capacity. (150,000 T per year). 
6 SELCHP Incinerator, Lewisham - ISR 2000. (416,000 T in 2000). 
7 Stoke Incinerator, Stoke-on-Trent - ISR 2000. (200,000 T in 2000). 
8 Tyseley Incinerator, Birmingham - ISR 2000. (325,000 T in 2000). 
9 Wolverhampton Incinerator - ISR 2000. (116,000 T in 2000). 
10 Dudley Incinerator, Birmingham - ISR 2000. (99,000 T in 2000). 
11 Sheffield Incinerator - ISR 2000. (98,000 T in 2000). 
12 Monitoring data from an (unnamed) operational incinerator in the UK recorded in 2001. 
13 Environment Agency spot sampling data from an operational incinerator in the UK recorded in 
2001. 
14 Continuous annual monitoring data carried out for the operator for the same plant as Reference 13 
recorded in 2001. 
15 Continuous annual monitoring data carried out for the operator at an operational incinerator in the 
UK. 
16 Review paper on the emissions from waste management options in the US. There is no comment 
on the derivation methodologies for data. Data from this source has not been used when calculating the 
preferred emission values, because of uncertainty over its accuracy, and because it refers to US plant. 
(Anon, 1996) 
17 Review paper on incineration in the UK. Data on carbon dioxide emissions is calculated on the 
basis that the carbon content of MSW is 24% w/w. The carbon dioxide data from this report has not been 
used in the calculation of the preferred emission value. 
18 Monitoring data from a small-scale incinerator in the Isle of Wight operated by Contract Heat and 
Power, with Island Waste Services (part of the Biffa Group). The process includes extensive pre-sorting and 
removal of polyvinyl chloride, organics, glass and metals. 
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Substance Emissions (g/tonne 
except where 
otherwise stated) 

Best Estimate Uncertainty Data Refs Comments 

6 of 11 ISR data 
points are BRT 

1,1–Dichloroethane  No data    

Chloroethane  No data     
Chlorothene  0.1202  0.1  ± 0.2  6  Data below LOD 
Chlorobenzene  No data     
Tetrachloroethene  0.1202  0.1  ± 0.2  6  Data below LOD 
Methane  8.3, 12.0, 25.0, 43.0  19  ± 20  3, 6, 7, 9  Figure based on 

ISR data which is 
all BRT 

Cadmium  0.0332, 0.0031, 
0.0158, 0.0410, 
0.0044, 0.0032, 
0.0051, 0.0009, 
0.0017, 0.0005, 
0.0126, 0.0227, 

0.0156, 0.0187 0.005  ± 0.01  1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12,14, 17 

 Nickel  0.1150, 0.0727, 
0.2008, 0.0333, 
0.0120, 0.0250, 
0.05 0.0154, 
0.0430, 0.0503, 
0.0509, 0.0223, 
0.1842 

± 0.07  1, 2, 3, 5, 6, 7, 8, 
9, 10, 11, 12, 14 

7 of 10 ISR data 
points are below 
LOD 

Arsenic  0.0040, 0.0047, 
0.1900, 0.0953, 
0.0373, 0.0012, 
0.0025, 0.0015, 
0.0043, 0.0050, 
0.0051, 0.0276, 
0.1197 

0.005  ± 0.06  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11,12, 14 

7 of 10 ISR data 
points are BRT 

Mercury  0.0588, 0.0554, 
0.1540, 0.0064, 
0.0155, 0.0262, 
0.0511, 0.0023, 
0.0180, 0.0714, 
0.0022, 0.0363, 
0.0740, 0.1782, 
0.6249 

0.05  ± 0.02  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 
13, 14, 17 

 

Dioxins and Furans 
(ng as TEQ) 

150, 650, 123, 173, 
33, 91, 476, 492, 
1934, 150, 3319, 
201, 58.9, 422, 
49103 

400  ± 1000  1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 
13, 16, 17 

 

Polychlorinated 
Biphenyls (mg as 
TEQ) 

0.1202  0.1  ± 0.2  6  Data below LOD 

Carbon Dioxide 
(kg/T) 

1039, 694, 558, 
730, 1187, 738, 
1263, 1260, 1123, 
877  

1000  ± 600  1, 2, 5, 6, 7, 8, 9, 
10, 11, 17 

 

Source: Enviros Aspinwalls (2002) Comparison of Emissions from Waste Management Options, 
Enviros Aspinwalls for NSCA June 2002. 
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These data were then converted into emissions per tonne of waste incinerated88: 

 Table 25: Emission Rates per Tonne of MSW 
Substance Emission rates using 

operational data 
Emission Rates Assuming 
Plant Operates at WID 
Limits 

Emissions for 
small-scale 
incinerator with 
pre-sorting 

 Best 
estimate 

Uncertainty 
range 

Best 
estimate 

Uncertainty 
range 

Best estimate 

Nitrogen Oxides  1600  ± 600  1100  ± 500  1106 
Total Particulates  38  ± 30  56  ± 20  8 
Sulphur Dioxide  42  ± 80  280  ± 100  20 
Hydrogen 
Chloride  

58  ± 50  56  ± 20  31 

Hydrogen 
Fluoride  

1  ± 2  6  ± 2  1 

Volatile Organic 
Compounds 

8  ± 20  56  ± 20  33 

1,1-
Dichloroethane  

No data   No Limit   

Chloroethane  No data   No Limit   
Chlorothene  0.1  ± 0.2  No Limit   
Chlorobenzene  No data   No Limit   
Tetrachloroethene  0.1  ± 0.2  No Limit   
Methane  19  ± 20  No Limit   
Cadmium  0.005  ± 0.01  0.3  ± 0.1  0.0045 
Nickel  0.05  ± 0.07  0.6  ± 0.3  
Arsenic  0.005  ± 0.06  0.6  ± 0.3  
Mercury  0.05  ± 0.2  0.6  ± 0.2  0.002 
Dioxins and 
Furans  

400 ng 
TEQ/T  

± 1000 ng 
TEQ/T  

600 ng 
TEQ/T  

± 200 ng 
TEQ/T  

0.1 ng TEQ/T 

Polychlorinated 
Biphenyls  

0.1 mg 
TEQ/T  

±0.2 mg 
TEQ/T  

No Limit   

Carbon Dioxide  1000 kg/T  ± 600 kg/T  No Limit   1000 kg/T 
Source: Enviros Aspinwalls (2002) Comparison of Emissions from Waste Management Options, 
Enviros Aspinwalls for NSCA June 2002. 
 
Quite wide uncertainty ranges attach to the data as most sampling is not particularly accurate.   

In Table 26, the range of emissions as reviewed for the Environment Agency in relation to the 
development of the WISARD software89 are shown alongside emissions from other incinerators 
operating in Europe. It seems quite clear that UK incinerators do not conform to best practice in 
respect of emissions control.  

 

                                                      
88  Flue gas volume is generally in the range of 5,000 – 6,000 m3 per tonne of waste incinerated.   
89 Environment Agency (2000) Life Cycle Inventory Development for Waste Management Operations: 
Incineration, R&D Project Record P1/392/6 part 4 page 8 
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Table 26: Data from WISARD Pilot CD-Rom Compared with Chosen European Facilities 
Determinand WISARD (UK) data Spitellau, Vienna 2 Spitellau, Vienna 3 Ingolstadt, Germany4 Bielefeld, Germany5 
 Plant type Avg Max Avg Min Avg Average      
VOC New  3.4 1.2 2.4 2.3    
 Retrofit 4.5 1.1 2.7     
CO New 12.1 9 10.5 35 34 No data 2.4 
 Retrofit 41.6 22.8 31.7     
SO2 New 21.1 14.7 17.7 14.5 3.7 <1 0.68 
 Retrofit 36.7 3.8 16.9     
NOx New 279.2 244.6 261.9 86.3 16 40 41.1 
 Retrofit 381.1 277.1 337.1     
HCl New 40.1 18.6 29.3 9.0 0.40 <1 0.01 
 Retrofit 15.7 2.5 8.0     
HF New 1.33 0.14 0.74 <0.02 0.07 <0.02 0.01 
 Retrofit 0.42 0.12 0.23     
TSPs New 14.2 6.8 10.5 1.4 0.30 <1 0.23 
 Retrofit 9.5 1.7 6.0     
PCDDs New 1.06 E-07 5.75E-08 7.99E-08  3.30E-08 2.10E-08 1.00E-08 
 Retrofit 2.19E-07 2.61E-08 9.13E-08     
Heavy Metals New 0.12 0.09 0.10  <0.013 b <0.10  
 Retrofit 0.20 0.07 0.12     
Cd New 0.008 0.004 0.004 0.0015 <0.002a <0.002 a 0.0001 a 
 Retrofit 0.05 0.004 0.004     
Hg New 0.04 0.02 0.03 <0.020 0.006 <0.020 0.010 
 Retrofit 0.05 0.002 0.021     
NH3 New 5.95 2.77 4.28     
 Retrofit MD  ND     
N20 New 10.5 6 8     
 Retrofit ND ND ND     
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1 Life Cycle Inventory Development for Waste Management Operations: Incineration, R&D Project Record P1/392/6 part 4 page 8 
2 Spittelau, Vienna 240,000 tpa incinerator emissions data taken from “Waste to Energy and Waste Management: Austrian and EU policy lines, R L 
Lindbauer in Health impacts of Waste Management Policies, P. Nicolopoulo-Stamati et al (eds) Kluwer academic publishers 2000 pp89-105  
3 ARGE BZL Gmbh, Oyten (D) / Zl Dipl. Eng. K. Scheidl. Eisenstadt (A): Durchfuhrung einer Evaluierung fur die Errichtung einern Abfallbehandlungslange 
fur die im Raum Linz anfallenden Abfalle – Verfahrensauswahl, im Auftrag vom Amt fur Natur und Umweltschultz, Magistrat der Landesschaptstadt Linz, 
1988/99. 
4 Uwe Lahl (2001) Ecodumping by Energy Recovery: A Report on Distortions of Environmental Standards between Disposal and Rcovery and Approaches to 
Overcome Them. 
5 Bericht des Immissionsschutzbeauftragten der MVA Bielefeld-Herford, January 1996. 
a Measurements are for Cd + Tl.  
b Measurements are for sum of As, Pb, Cr, Co and Ni 
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For comparison, the Table above shows emissions from some German and Austrian facilities. 
Emissions data for the Spittelau plant in Vienna from the early 1990s show how emissions levels 
achieved in the early 1990’s were in some cases, better than those now being achieved by new plant in 
the UK. Since then, further improvements have been made so that UK plants appear to be still lagging 
in terms of the use of the use of up-to-date emissions abatement technology. The Spitellau plant also 
operates in a full combined heat and power mode with an overall efficiency of about 75% compared 
with the typical UK efficiency of around 20% generating electricity alone90. 

It is important to understand the implications of the operational data provided for the understanding of 
health effects from incineration. The somewhat sanguine review of health effects from incinerators 
carried out by Farmer and Hjerp for the National Society for Clean Air and Environmental Protection, 
which suggested that any health effects from incinerator air emissions were unlikely to have important 
impacts, appears to have overlooked the clear potential for improvements in this regard using existing 
abatement techniques.91 The report, like that of Enviros Aspinwalls, carried out for the NSCA, 
concluded that: ‘Those involved in the MSW incineration debate should be careful to provide accurate 
information’ Yet the information on emissions from incinerators used in the report was that from the 
National Atmospheric Emissions Inventory. This simply grosses up emissions on the basis of a fixed 
factor, which is clearly not a way of providing ‘accurate information’ given the uncertainties involved 
and the inherent variability. Furthermore, the data is given for total emissions from incinerators in years 
to 1998, during which plants were being closed. If one uses current capacity data and the best estimates 
from the Enviros Aspinwalls report, the Farrmer and Hjerp study probably underestimated the 
contribution made by incinerators to total emissions of cadmium by a factor of 2, mercury by a factor of 
5, arsenic by a factor of 2, nickel by a factor of 5, sulphur oxides by a factor of 5, and particulates by a 
factor of 2.5. Only the NOx emissions appear to have been over-estimated, and ironically, this is an 
emission where there remains considerable scope for further improvement through adoption of selective 
catalytic reduction as the Best Available Technique (BAT) under Integrated Pollution Prevention and 
Control (IPPC) permitting. 

77..11..  TTrreeaattmmeenntt  ooff  IInncciinneerraattoorr  EEmmiissssiioonnss  
The processes used in incinerator flue gas cleaning are described below:92  

77..11..11..  PPaarrttiiccuullaattee  RReemmoovvaall  
Polluted dust entrained with the exhaust gases is primarily trapped in electrostatic or (as is increasingly 
common) fabric filters. The latter appear more effective and may reduce N2O emissions from the 
process. In the UK, electrostatic filters have been phased out in favour of bag (fabric) filters. 

77..11..22..  FFlluuee  GGaass  SSccrruubbbbiinngg  
Flue gas scrubbing is carried out using dry, semi-dry or wet processes. These are briefly outlined 
below. 

                                                      
90  Sheffield, Coventry and Nottingham also produce heat for district heating schemes  but no reliable data have 
been found for their average annual efficiencies. 
91 A. Farmer and P. Hjerp (2001) Municipal Solid Waste Incineration: Health Effects, Regulation and Public 
Communication, a report to the National Society for Clean Air and Environmental Protection.  
92 Much of the description follows from the ‘DS-document’ Edition 3: Waste Incineration Processes in Germany 
(8/2000, updated version) published by Der Grune Punkt – Duales System Deutschland Aktiengesellschaft. 
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Dry process 
In this process, a dry neutraliser, generally lime or limestone, is blown into the reactor as a counter-flow 
to the exhaust gas stream. Gaseous pollutants attached to the surface of the solid particles are converted 
into various calcium salts and neutralised in this way. Dust extraction is carried out after this 
neutralisation phase to ensure that the dust forming during combustion, the fly ash, the reaction 
products and any lime that could not be used in the course of the reaction are filtered out. One 
disadvantage of this process is that a large quantity of reactant is required for the reaction. Typically, 
more than half of it reappears unused as reaction residue. 
 
In the UK, of 11 municipal waste incinerators reviewed by the Environment Agency in a recent report, 
5 were using dry scrubbing processes using the injection of lime. 
 
Quasi-dry process 
One variant of the dry process uses lime in the form of lime-milk to neutralise acidic pollutants. To start 
with, lime-milk is diffused in the reactor. This has a cooling effect, leading to the condensation of 
gaseous heavy metals. Further evaporation of the residual water results in the formation of a dry 
substrate loaded with pollutants. This process also produces large quantities of toxic filter residue 
which are disposed of as hazardous waste. 
 
Of 11 UK municipal waste incinerators reviewed by the Environment Agency in a recent report, 6 were 
using dry scrubbing processes using the injection of lime. 
 
Wet process 
The wet process is characterised by intensive flue gas scrubbing. First of all, an electrostatic filter 
extracts the dust from the exhaust gases as they leave the combustion chamber. Then, in the so-called 
"quench", the flue gases are saturated by injecting water. In a multi-step scrubbing tower, the gaseous 
pollutants are subsequently removed from the flue gases; heavy metals in aerosol form condense and 
are distributed in the scrubbing water. Lime-milk neutralises the acids in a waste water treatment plant; 
the products are gypsum, sodium chloride and calcium chloride. Heavy metals flocculate and can be 
trapped in filter presses as water-insoluble sludge.  
 
On account of its high efficiency and relatively low pollutant emission, on a European level, the wet 
process is considered to be the most progressive flue gas purification method. The investment costs are 
relatively high, however.  
 
No plant in the UK uses wet scrubbing and this partly explains the poorer performance with respect t 
emissions relative to some European plants. 

77..11..33..  NNiittrrooggeenn  OOxxiiddee  aanndd  DDiiooxxiinn  RReedduuccttiioonn  
Waste incineration plants must also be equipped with systems to reduce nitrogen oxide, dioxin and 
furan emissions. 
 
SNCR Process 
In the SNCR process (Selective Non-Catalytic Reduction), nitrogen oxides (NO x ) are thermally 
reduced by injecting ammonia (NH 3 ) or urea. This leads to the formation of elementary nitrogen and 
steam. In order to achieve high NO x separation, more ammonia has to be injected than is actually used. 
This necessitates expensive ammonia recovery and, under certain circumstances, may lead to 
unpleasant odours in the vicinity of the plant or the ash. 
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SCR Process 
In the SCR process (Selective Catalytic Reduction), ammonia supports chemical reduction in a catalytic 
converter rather than being the only source of reduction (as in SNCR). This honeycombed ceramic 
body made of titanium oxide serves to convert nitrogen oxides and ammonia into steam and nitrogen. 
 
Such a DeNOx catalytic converter is also capable of chemically "cracking" dioxins and furans. Since 
these pollutants are not adsorbed by the catalytic converter material, but rather react chemically, the 
catalytic converter does not have to be renewed continuously. In contrast, if activated charcoal or open-
hearth coke are used to adsorb the dioxins, the polluted charcoal or coke has to be replaced regularly. 
 
In the UK, there is no plant operating using SCR. Interestingly, apart from the attempt to remove acid 
gases through dry / semi-dry scrubbing, the Environment Agency review of 11 incinerators in the UK 
suggests that 4 of the 11 plants have no dedicated process for NOx removal in place. This is a fairly 
poor situation since it is increasingly well-appreciated that NOx emissions do cause damage to human 
health, both through direct and indirect effects. Again, this explains the poor performance of UK 
incinerators in respect of NOx emissions as compared with better-equipped central European facilities 
(see Table 26 above). 

77..22..  IInncciinneerraattoorr  RReessiidduueess  
The combustion of household waste produces slag and ash which typically make up about 25 to 35 
percent of the weight of waste input into the process. In some cases, this residue is used as construction 
material after processing. Critical experts fear that pollutants may be washed into the soil if slag is 
recycled in this way. 
 
The disposal of residue from the flue gas purification process poses a greater problem. Typically, there 
are about 20 to 40 kilogrammes of filter dust residues per tonne of waste. In addition, reaction products 
from pollutant gas separation account for a further 15 to 45 kilogrammes per tonne of waste depending 
upon the purification process. Filter dusts from waste incineration plants contain approximately two 
percent zinc and one percent lead with peak values of more than five percent. The contents of tin, 
copper and cadmium in freely soluble metal chloride and sulphate compounds are in the same order of 
magnitude. Dioxins and furans are also enriched here. Lastly, the use of alkaline chemicals to clean flue 
gas emissions raises the pH of the residues increasing the potential for leaching of elements into the 
environment. The disposal of extremely toxic filter dusts is therefore considered to be problematic.  
 
The costs of treating ash residues depends both upon the quantity and the nature of the residues 
requiring treatment, which as the above discussion suggests, are affected by the nature of the input 
material and the nature of the flue gas cleaning system. A range of estimates for these residues is given 
in Table 27.   
 

According to a recent report by the Environment Agency, the different incinerators have adopted 
broadly similar flue gas cleaning technologies (see Table 29).93 This leads, apparently, to significant 
variations in the quantity of ash residues, and the quantity of air pollution control residues (even where 
one compares incinerators with the same acid gas scrubbing systems).  

                                                      
93 Environment Agency (2002) Solid Residues from Municipal Waste Incinerators: A Report on an Investigation 
by the Environment Agency, Bristol: Environment Agency, May 2002. 
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Table 27: Types and amounts of solid waste residues typically produced at incineration plants 
(all amounts are given in kg/tonne MSW incinerated). 

kg/tonne Best Low High Notes 
Bottom ash (slag) 300 250* 400* Assumed to include any boiler ash (2-12 

kg/tonne) and economiser ash, gypsum etc. 
produced (small quantities) 

Air pollution control 
residues 

30 15 40  

    - wet process  11* 33* Of which 1-3 kg is the dry weight of sludge 
and 10-30 kg is flyash 

    - dry process  20* 50*  
    - semidry process  15* 40*  
*High and low estimates are from sources in Hjelmar (1998) 
Source: COWI (2000) A Study on the Economic Valuation of Environmental Externalities from Landfill and 
Incineration of Waste, Final Report for DG Environment, European Commission, August 2000. 
 

The bottom ash quantity varies between 202kg per tonne and 392kg per tonne, even though all plants 
treat mostly municipal waste. The average is 279kg per tonne. The air pollution control residues vary 
between 26kg per tonne and 46kg per tonne, with an average of 36kg per tonne. When one splits out the 
dry and semi-dry processes, then one sees a lower value for the semi-dry process (33kg per tonne) than 
for the dry process (39kg per tonne).  

Some of the bottom ash residues have high carbon content. The bottom ash quantities appear to be well-
correlated with the carbon content of ash residues.  

Aggregated data for all 11 plants over the 1996-2000 period is shown in Table 28.  

Table 28: Ash Residues and Recovered Metals as a Percentage of Input Materials 

Material Quantity % Total Inputs 
Total Inputs, 1996-2000 10152269  
Bottom Ash 2780000 27.38% 
APC 314000 3.09% 
Metals 177000 1.74% 

Source: Data collated from Environment Agency (2002) Solid Residues from Municipal Waste 
Incinerators: A Report on an Investigation by the Environment Agency 
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Table 29: Flue Gas Cleaning Characteristics   

Year 2000              

 Lines Nox 
Acid 
Gases Dioxins / HMs Particulates 

Waste 
Throughput 

Bottom 
Ash 

APC 
Residues 

Carbon 
in ash 

Bottom 
Ash 

APC 
Residues 

Total 
Residues 

Non 
Municipal 

Bolton 1 
Ammonia 
injection (SNCR) Dry lime 

Activated carbon 
injection Bag filter 30300 11904 1353 5.90% 39.29% 4.47% 43.75% 8.00% 

Coventry 2 
Flue gas 
recirculation Dry lime 

Activated carbon 
injection Bag filter 213683 43078 8258 2.60% 20.16% 3.86% 24.02% 4.80% 

Edmonton 5 No provision Dry lime 
Activated carbon 
injection Bag filter 500730 157582 15858 1.90% 31.47% 3.17% 34.64% 16.00% 

Nottingham 2 No provision Dry lime 
Activated carbon 
injection Bag filter 159817 37938 7328 1.50% 23.74% 4.59% 28.32% 4.80% 

Sheffield 2 
Flue gas 
recirculation Dry lime 

Activated carbon 
injection Bag filter 103644 39852 3333 7.10% 38.45% 3.22% 41.67% 16.00% 

Dudley 2 
Urea injection 
(SNCR) 

Semi-dry 
lime 

Activated carbon 
injection Bag filter 99492 21132 4178 2.90% 21.24% 4.20% 25.44% <1.00% 

Lewisham 2 
Ammonia 
injection (SNCR) 

Semi-dry 
lime 

Activated carbon 
injection Bag filter 437,850 107,923 14840 2.60% 24.65% 3.39% 28.04% 5.00% 

Stoke on Trent 2 

Flue gas 
recirculation and 
urea injection 

Semi-dry 
lime 

Activated carbon 
injection Bag filter 201752 50001 6472 2.80% 24.78% 3.21% 27.99% 1.40% 

Teeside 2 No provision 
Semi-dry 
lime 

Activated carbon 
injection Bag filter 213839 76724 5848 6.50% 35.88% 2.73% 38.61% 4.80% 

Birmingham 2 No provision 
Semi-dry 
lime 

Activated carbon 
injection Bag filter 335959 77054 8717 2.60% 22.94% 2.59% 25.53% 2.00% 

Wolverhampton 2  
Semi-dry 
lime 

Activated carbon 
injection  119011 28830 4650 1.90% 24.22% 3.91% 28.13% 1.50% 

 Sample             
Average, All 11        3.48% 27.89% 3.58% 31.47%  
Average, Dry 
Lime 5        3.80% 30.62% 3.86% 34.48%  
Average, Semi-
dry Lime 6        3.22% 25.62% 3.34% 28.96%  

Source: Data collated from Environment Agency (2002) Solid Residues from Municipal Waste Incinerators: A Report on an Investigation by the 
Environment Agency 

(Passing Comment: We find it truly lamentable that at a time when there is considerable concern regarding health effects from incinerators, several 
facilities still have no dedicated NOx abatement equipment. ) 
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Figure 19: Plot of Bottom Ash versus Carbon Content of Ash 
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77..22..11..  FFaattee  ooff  SSoolliidd  RReessiidduueess  
Bottom Ash 
In the UK, the fate of bottom ash over the period 1996-2000 at the 11 incinerators studied by the 
Environment Agency is shown in Table 30. It would appear that over time, the quantity of ash 
processed has increased and the study suggests that the figure had reached 42% in 2000. However, as 
the figures below show, of the 21% processed in the 1996-2000 period, 8% (more than a third) was 
ultimately landfilled.  
 
If the figure for metals recovery is added to the figure for metals recovery at the incinerator itself, the 
total rate of metals recovery expressed as a percentage (by weight) of input waste was 1.91%. It seems 
likely that this has probably increased over the period examined. 
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Table 30: Fate of Bottom Ash  

Destination % by weight 
Landfill Sites 79.00% 
Ash processors 21.00% 
Of which:  

Landfill Sites 7.98% 
Asphalt 0.42% 
Blocks 1.26% 

Stockpile 3.15% 
Metals 0.63% 

Bulk Fill / Road Base / Rubble / Use on Landfill Sites 7.56% 
Others <0.1% 

Source: Data collated from Environment Agency (2002) Solid Residues from Municipal Waste 
Incinerators: A Report on an Investigation by the Environment Agency 
 
Air Pollution Control Residues 
The Environment Agency study reports on the fate of air pollution control residues from 11 UK 
municipal waste incinerators. It is interesting to note that the most controversial case, that of Byker, 
was entirely sidestepped in this ‘investigation’ for the following ‘reason’: 
 
‘In addition to the eleven municipal waste incinerators operating in England there are a further two 
municipal waste incinerators in Scotland and one in Jersey. There are another three plants in England, 
including Byker, that burn refuse-derived fuel. None of these is covered by this investigation.’ 
 
It is important to understand this in the presentation of the results the Environment Agency 
investigation. There appears to have been a clear attempt to side step the issue of Byker, despite the fact 
that scandals at the plant itself provided much of the momentum which led to the investigation taking 
place. It is disappointing that such a case is ignored apparently because Byker is not considered by the 
Environment Agency to be ‘a municipal waste incinerator’. The reason appears to be because it 
combusts RDF, even though much of the RDF is prepared from municipal waste.  
 
Of the APC residues covered by the investigation, 88% were delivered direct to landfills. The rest treat 
the material prior to landfilling, using the residues as reagents for treating industrial wastes to make 
their handling easier. Typically, the material is solidified and then sent to landfill. 

77..33..  IInncciinneerraattoorr  MMooddeell  
The endeavour to model incinerator emissions from the characteristics of input waste is an ongoing one. 
There seems to be an agreement in distinguishing between process and product related emissions. 
Process related emissions such as CO are independent from the waste input. Conversely, product 
related emissions such as HCl are caused by the concrete input components of the waste. The 
assignment of emissions to either one of those two groups is fairly similar in all models. However, there 
are a few exceptions like the NOx emissions that can be formed by several reaction paths (e.g., fuel 
NOx, thermal oxidation of N2). In different models NOx emissions are either regarded as product 
dependent,94 process dependent95 or as a combination of both.96 Concerning the product related 

                                                      
94 Udo de Haes and C.J.G. van Halen (1997) (eds), Results of the Dutch Platform LCA & Waste, Pi!MC, The 
Hague, 1997. 
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emissions, transfer coefficients are used to relate waste input and incineration output (emissions and 
solid outputs). In more recent models, these transfer coefficients are split (at least for conventional 
incineration) between combustible and non-combustible input fractions (since the partitioning of input 
elements to flue gas, grate ash, and APC residues is different for the two). 
 
It should be noted, however, that no agreement exists concerning whether these coefficients should be 
regarded as constant or as variables depending on the nature of the waste input. Some input substances 
influence the transfer coefficients of other elements. For instance, the transfer coefficients of metals to 
air generally rise with an increase in the availability of Cl.97 As long as the waste composition does not 
vary considerably from the average composition of waste with respect to substances such as Cl, the 
effect of this simplification should be very small. On the other hand, removal of chlorine-containing 
streams may well influence flue gas emissions (and clearly, this was the intention of the representation 
of an ‘incinerator with pre-sorting’ as in Table 25 above). 
 
Some further indication of the importance of ensuring one models on the basis of specific components 
of the input waste can be gained from the paper by Kremer et al.98 Kremer et al gave results of life-
cycle analyses for two material streams, one being ‘mixed municipal waste’, the other being ‘technical 
articles’ (the plastic fraction from technical consumer goods). The different characteristics of the waste 
are given below. 
 
Their analysis showed that though only a third of the energy is recovered from the municipal waste 
system, only a third of the emissions of pollutants such as dioxins, SO2, NOx, particulates and so forth 
are emitted. Furthermore, the chlorine content of the so called ‘technical articles’ (principally plastics) 
was predicted to require greater use of water because water was used in the flue gas cleaning to remove 
HCl. The dust which is precipitated in the filter also leads to increased filter dust, though there is much 
less bottom ash residue to deal with. Three times the quantity of activated carbon is required.  
 
This clearly illustrates why it might be foolish to allocate constant burdens for different waste 
components, varying only the calorific vale and energy so derived from the specific materials. 
 
In the recent RDC/PIRA study on the Packaging Directive,99 the following rules were used to allocate 
emissions to waste components: 
                                                                                                                                                                        
95 A. Franke, J. Giegrich, F. Knappe, W. Knörr, A. Schorb, and M. Vietze (1994) Ökobilanz von Verpackungen, 
103 03 220/04, Institut für Energie und Umweltforschung Heidelberg GmbH, Heidelberg; M. Kremer, G. 
Goldhan and M. Heyde (1998) Waste Treatment in Product Specific Life Cycle Inventories: An Approach to 
Material-related Modelling: Part 1, Incineration, Int. J. LCA 3 (1) 47-55 
96 P. Zimmermann, G. Doka, F. Huber, A. Labhardt, and M. Menard (1996) Ökoinventare von 
Entsorgungsprozessen, Grundlagen zur Integration der Entsorgung in Ökobilanzen, ESU-Reihe, 1/96, Institut für 
Energietechnik, ETH Zürich, Zürich; J.-O. Sundqvist, G. Finnveden, H. Stripple, A.-C. Albertsson, S. Karlsson, J. 
Berendson, and L.-O. Höglund (1997) Life Cycle Assessment and Solid Waste - Stage 2, AFR, 173, Swedish 
Environmental Protection Agency, Stockholm. 
97 H. Belevi and M. Langmeier (2000), Environmental Science & Technology 34 (2000) 2507-2512 (cited in S. 
Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment Processes, 
Dissertation submitted to the Swiss Federal Institute Of Technology). 
98 M. Kremer, G. Goldhan and M. Heyde (1998) Waste Treatment in Product Specific Life Cycle Inventories: An 
Approach to Material-related Modelling: Part 1, Incineration, Int. J. LCA 3 (1) 47-55. It should be noted that this 
paper was criticised by some commentators in letters to the journal, principally around the allocation of specific 
emissions to specific waste streams. The relevance of the broader message – that such variability exists – retains 
most of its validity, however. 
99 RDC-Environment & Pira International (2001) Evaluation of costs and benefits for the achievement of reuse 
and recycling targets for the different packaging materials in the frame of the packaging and packaging waste 
directive 94/62/EC – proposed draft final report to DG Environment, European Commission, RDC-Environment 
& Pira International, May 2001 
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 The allocation of CO2 emissions was made on the basis of the carbon content of the waste 

component 
 The allocation of energy credits was made on the basis of the net energy yield of the waste 

component 
 The allocation of the bottom ash was made on the basis of the ash content of the waste component 
 The allocation of the process related burdens, (e.g. NOx, SO2 & particulates) was made on the basis 

of exhaust gas quantity 
 
The allocation of waste independent burdens which were assumed to include pre-treatment, on site 
transport and burdens associated with the capital were allocated on a weight basis. 
 
This can be compared to the approach adopted in the earlier study by RDC and Coopers and Lybrand 
study in which a similar distinction was made between product-related emissions, process/product 
related emissions, and process-related emissions and others.100 The following rules were used for 
allocation of burdens: 
 
Product related emissions: 
 
CO2 – calculated from carbon content; 
SOx calculated from sulphur content – 90% converted to SO2, 10% to SO3; 
SOx removal efficiency considered as 20% (the study mentioned this was ‘low’): 
HCl - 100% to HCl – HCl removal considered to be high (95-98% and more) 
Dust and ash - both related to the ash content and the way the ash is bound in the material – 

assumed 90% transferred to slag, 10% air pollution control residues. Partitioning has to be 
changed when there is a lot of solid inorganic material. Flue gas cleaning removes 99.5% of 
dust. 

Heavy metals - 99.5% in slag and ash, with the exception of mercury (85%) – for each 
incinerator, the partitioning between waste water, flue gas and solid residues ought to be 
calculated separately 

 
Process / product related 
NOx formation is influenced by combustion temperature, and only partly by material – it occurs 
through the thermal oxidation of nitrogen in air. Sundqvist et al (1994) suggested 0.16g NOx per MJ. 
BUWAL attribute 50% of NOx formation as being due to product and 50% due to process. They use 
0.3g/Nm3 (process) plus a stoichometric contribution based on N content of the material. 
 
Process-related     
PAH and POM, chlorinated hydrocarbons and dioxins and CO based on literature 

 
It was suggested that these be partitioned as follows: 
 

Kg emission = (Vwaste/Vmix)* kg emission of the mix 
 
Where V are the flue gas volumes. 
 
Kremer et al followed a similar approach. In their study, emissions of CO2, H2O, N2 an O2 were 
calculated on the basis of oxidation of the input materials. Emissions of NOx, CO, TOC and PCDD/F 
were assigned on the basis of total flue gas volume (with data for raw gas from literature and tests). 
                                                      
100 RDC-Environment and Coopers & Lybrand (1997) Eco-balances for Policy-making in the Domain of 
Packaging and Packaging Waste, Ref. no. B4-3040/95001058/MAR/E3, Final Report May 1997. 
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Output flows of heavy metals were deemed to be such that they either leave in flue gas or are 
condensed on particles of the solid output paths. The transfer co-efficients used were as below. 

Table 31: Transfer co-efficients for heavy metals in grate firing, Wurzburg MSWI  

Path As Cd Co Cr Cu Hg Mn 
Flue gas 0.2 16.2 0.3 2.8 0.2 92.8 0.2 
Filter dust 5.5 56.2 3.8 4.3 2.6 0.8 8 
Boiler ash 2.1 1.4 2.1 2 0.3 0.4 1.5 
Grate ash 92.3 26.2 93.8 90.9 96.9 6 90.3 
        
Path Ni Pb Sb Sn Tl V Zn 
Flue gas 1.7 20.1 2.9 11.3 0 0.1 12.1 
Filter dust 2.8 14.4 33.8 26.5 70.2 9 22.8 
Boiler ash 1.2 0.7 1.2 1.4 0.6 2 1.4 
Grate ash 94.3 64.8 62.1 60.8 29.2 88.9 63.7 

Source: Kremer et al 1998 
 
These transfer factors can be compared with those used by Uwe Lahl in work for the European 
Environmental Bureau. The plants examined by Lahl were more modern German and Austrian plants 
than the Wurzburg plant from which the transfer factors above were taken. They operate to higher 
standards of flue gas cleaning and this is reflected in the lower transfer factors to the flue gas.101  
 
The issue of transfer factors shows clearly why it is simply not adequate to construct one incinerator 
module in any life cycle analysis, nor plants which vary only in their ‘scale’ characteristics. Indeed, to 
the extent that this influence choices of equipment used in local authorities, to carry out the analysis in 
this way is lamentable since it fails to make clear the options with respect to, for example, NOx 
abatement (and Table 29 above shows clearly that 4 of the 11 UK incinerators looked at in the 
Environment Agency study recently have no special equipment in place for NOx abatement). The air 
emissions and the associated auxiliary materials used in the flue gas cleaning process vary from one 
plant to the next depending upon the design of the flue gas cleaning process. This also has implications 
for the nature and quantity of ash residues.  
 
Finnvenden et al modelled an incinerator in which the waste was transformed into bottom ash and raw 
gas. The majority of metals were assumed to end up in the bottom ash except for mercury and cadmium 
(more volatile), which was mostly partitioned to the raw gas. The majority of sulphur, phosphorous, 
nitrogen and chlorine end up in the raw gas. All carbohydrates, fats and proteins in the waste were 
assumed to be completely combusted, forming CO2. Complete combustion is also assumed for phenols, 
PCB, VOC and CHX. Dioxins in waste were assumed to be combusted but de-novo synthesis was 
assumed during the combustion. 
 
The air emission control system of the incinerator modelled included SNCR (Selective Non-Catalytic 
Reduction) with urea, scrubbing for acid gas removal through lime addition in the kiln, electrostatic 
precipitators, wet scrubbers, flue gas condensation and fabric filter. The air emission control mainly 
focuses on reducing acid gases, heavy metals, dust and organic pollutants. In the model, 99% or more 
of the dry matter and heavy metals in the raw gas were assumed to become fly ash. The remaining 
fraction was equally partitioned between clean gas and condensed water.  
 

                                                      
101 Uwe Lahl (2001) Ecodumping by Energy Recovery: A Report on Distortions of Environmental Standards 
Between Disposal and Recovery and Approaches to Overcome Them, Report to the European Environmental 
Bureau, January 2001. 
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From the raw gas, 30% of the dioxins were assumed to be removed, SOx removal of 95% was assumed 
and HCl removal was 99% efficient. NOx-emissions were calculated as a function of the energy content 
in the incinerated waste. The condensed water was assumed to be flocculated, filtered and emitted to a 
vessel where nearly 70% of the ammonia was assumed to be removed. The condensed water sludge was 
mixed with the air pollution control residues and TMT 15 (Trimercapto-s-triazine-tri-sodium-salt) 
which reduces the leachability of the metals.  

77..33..11..  EEnneerrggyy  
The calorific value of fuel was, in the Kremer paper, calculated using elementary composition from 
formula according to Boie.  
 
Hu (MJ/kg) = 34.8 mC + 93.8 mH + 10.5 mS + 6.3 mN -10.8 mO – 2.54 mW 
 
Energy losses taken into account were: 
 

1. Exhaust gas loss (approx 15%, calculated depending upon the temperature approx 200-220C - 
of the raw gas after heat exchange) 

2. Heat losses due to the enthalpy and the uncombusted components in the rate ash, boiler ash and 
filter dust (approx 1%) and 

3. Radiation and conduction losses (approx 3%) 
 
Energy transferred to water was taken to be the energy input from calorific values derived less the 
losses above.  
 
The approach based on Boie’s formula has been criticised since it produces values which are different 
from those obtained in reality. More generally, a more simple approach is taken relating generation to 
calorific values.  
 
Energy generated depends upon the efficiency of the recovery mechanism but is also affected by flue 
gas cleaning processes. For example, VITO (2001) suggest that the use of SCR as opposed to SNCR 
requires input of additional 5kWh electricity per tonne of waste.  
 
More fundamentally, the use of mechanisms to recover energy in the form of heat as well as electricity 
affect the energy recovered. Typically, CHP facilities recover more energy in total but less electricity 
specifically.  
 
Generally, we have taken the lower heating value of components of the waste stream and applied a 
factor for the overall efficiency of conversion of energy to electricity and / or heat.  

77..33..22..  TThhiiss  SSttuuddyy  
In this study, we assume an incinerator operating with semi-dry scrubbing using activated carbon to 
remove dioxins and heavy metals. We assume that SNCR using urea injection is used for removal of 
NOx. Urea tends to be preferred to ammonia now since it is easier to handle and raises fewer concerns 
in the operational stage. Urea is usually manufactured through reacting ammonia with carbon dioxide 
under pressure at elevated temperatures.  
 
A bag filter is used to remove particulates: 
 
The figure for bottom ash production based upon the ash content of the waste as specified in 

our ‘residual waste’ composition (this is equivalent to approximately 270kg); 
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The figure for air pollution control residues is taken as 33.4kg per tonne (the average for the 
semi-dry process); 

Residues are deemed to be destined for landfill. 
 
Flue Gas Emissions 
In this study, we have adopted the following approach to flue gas emissions: 
 
 Carbon: converted to CO2 and emitted to flue gas; 
 Hydrogen: converted to H2O and emitted in flue gas; 
 Sulphur: converted to SO2 (90%) and SO3 (10%), then transfer factors used to determine partition 

of sulphur to gas and residues; 
 Nitrogen: transfer factors are used to establish the conversion of N to N2, NO2, N2O, NH3 and 

CN;102 
 Chlorine: converted to HCl, then transfer factors are used to determine partition of chlorine to gas 

and residues; 
 Fluorine: converted to HF, then transfer factors used to determine partition of fluorine to gas and 

residues; 
 Dioxins: based on literature (including Enviros Aspinwalls study – see above). It is important to 

note that the issue of dioxin formation in incinerators is still debated.103 However, it seems 
reasonable to state that the presence of greater quantities of bromine and chlorine are likely to 
increase the possibilities for formation of chlorinated and brominated dioxins; 

 CO: from literature; 
 N2O: see above regarding Nitrogen, but reviewed relative to literature. This is likely to be greater 

where SNCR is used (as at most UK plants) rather than SCR; 
 VOCs: from literature – this varies significantly depending upon controls for VOCs (emissions vary 

by at least a factor of 10 across plants); 
 Ammonia: see above regarding Nitrogen, but reviewed relative to literature; 
 Particulates: based upon literature, but once again, this is heavily determined by plant design. An 

important point in terms of the impacts is the size distribution of particulate matter. We have 
assumed all particulates emitted to atmosphere are PM 2.5 partly because the efficiency of removal 
is likely to be greater for the larger particles; and 

 Heavy metals: transfer factors used to determine partitioning to flue gas and residues. Note that in 
the general case, the nature of the flue gas cleaning system will determine what these residues are 
(solid, sludge, etc.) as well as the partitioning of the material. Our transfer factors reflect the gas 
cleaning systems used and the relative volatility of the metals considered. 

                                                      
102 This is one of the most contentious ‘decisions’ concerning the transfer factors other approaches were 
considered and could equally have been chosen. 
103 One review concluded ‘from the review of the current technology for controlling the emission of air pollutants, 
one must conclude that the amount of PCDD/F leaving incinerators with the stack gases depends strongly on the 
efficiency of APC systems and the combustion conditions. Any attempt to relate the amount of dioxin in stack 
gases with the amount of chlorine introduced into the furnace with waste stream, in large scale facilities, is 
unlikely to yield statistically significant correlations even if they exist, because of the number of variables 
involved in the operating of a typical incineration installation. From this standpoint in practical systems, it appears 
that the emission of PCDD/F depend mainly on the combustion conditions and efficiency of APC systems rather 
than on the amount of chlorine in the waste stream.’ However, this is still strongly disputed. Evidence does 
suggest that there are links to specific components of the waste stream, but we simply do not have the basis upon 
which to model this in our study. 
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77..33..33..  LLaannddffiilllliinngg  ooff  FFllyy  aanndd  BBoottttoomm  AAsshh  
The landfilling of fly ash and bottom ash has been modelled by Björklund, Hellweg and AWS et al.104 
In the former, fly ash and bottom ash are modelled separately since the leachability is different for 
metals and some other substances. No gas formation is assumed in landfilling of ashes and no 
emissions due to landfill fires are added. Commenting on the Bjorklund model, Finnvenden et al state 
that:  
 
‘Metal emissions during the surveyable time period of approximately 100 years originating from the 
bottom ashes are probably over-estimated because of non-updated data. The fractions leaching during 
the surveyable time period is anyhow small as are the total amounts so that this will not be influencing 
the results. Leakage [leachate] from the landfilling of ashes is assumed to be treated in a municipal 
sewage treatment plant with following landfilling of the formed sludge...’ 
 
Finnvenden et al distinguish between a ‘surveyable’ time period of the order a hundred years, and the 
time following this surveyable time period.  
 
Both Hellweg and AWS et al use time-dependent transfer factors. For Hellweg, these are related to  
three scenarios regarding leachate generation: 
 

1. Measurements at landfill sites (model option 1) 
2. Leaching tests (model option 2) 
3. Only on the composition of the landfill regarding all ingredients as future emissions(model 

option 3).  
 
This is not so dissimilar to the approach of AWS et al (which is extended to gaseous emissions from 
landfills also). 
 
In this study, we have not extended the model to the treatment of the ash residues (this is under 
development). However, we comment on the issue of landfilling of residues in the analysis section. 

77..33..44..  CCiirrccuullaattiinngg  FFlluuiiddiisseedd  BBeedd  IInncciinneerraattoorr  
We have also modelled a circulating fluidized bed (CFB) incinerator for the treatment of residues of 
biological mechanical treatment (see below). Combustion air is blown into the sand bed at the bottom 
by means of a distribution system which accordingly fluidizes the sand mass. A pilot burner above the 
surface of the bed is used for ignition. As a result of the low air speed through the bed, the flame 
spreads across the whole surface of the fluidised bed. The resulting combustion energy is directly 
absorbed by the sand bed that heats up quickly and evenly due to the constant fluidizing. 
 
The flue gas cleaning unit is equipped with bag filter, lime injection, scrubbing reactor and active 
carbon injection. The FBI modelling follows similar principles to that for the grate incinerator. 
 

                                                      
104 A. Björklund, A. (1998). Environmental systems analysis waste management. Licentiate Thesis. Royal Institute 
of Technology, Stockholm. S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal 
Waste Treatment Processes, Dissertation submitted to the Swiss Federal Institute Of Technology; AWS, IFIP & 
GUA (2000): Bewertung abfallwirtschaftlicher Maßnahmen mit dem Ziel der nachsorgefreien Deponie – 
BEWEND. Unpublished case study Institute for Water Quality and Waste Management TU Vienna, Institute for 
Public Finance and Infrastructure Policy TU Vienna & Gesellschaft für umfassende Analysen GmbH, Vienna, 
Austria. 
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88..00  MMEECCHHAANNIICCAALL  BBIIOOLLOOGGIICCAALL  TTRREEAATTMMEENNTT  ((MMBBTT))  //  
BBIIOOLLOOGGIICCAALL  MMEECCHHAANNIICCAALL  TTRREEAATTMMEENNTT  ((BBMMTT))  

We are not aware of any UK studies assessing the life-cycle impacts of MBT/BMT systems. This 
makes this study of particular interest since the technology is poorly understood in the UK at present.  
 
This form of treatment is very versatile in the sense that it can be utilized in conjunction with a range of 
other technologies. In this study, we look at some chosen configurations of MBT / BMT system – it is 
difficult to call these ‘representative’ since the configurations are so varied. There are an enormous 
range of potential permutations for these systems, both those already in existence, and those with 
potential to come into existence in future, and our modelling approach allows for a modular design of 
the residual waste treatment system. In ongoing work, we are developing a plant design with specific 
features.105 
 
The systems can be designed on the basis of both ‘splitting’ technologies, in which a derived fraction of 
material is treated biologically, and ‘stabilisation’ approaches, in which the whole waste is subjected to 
biological treatment, usually with subsequent splitting of the mass of stabilised material into one or 
more of materials for recycling, RDF and materials to be landfilled / used for landscaping (depending 
upon local regulation of biowaste). In this report the splitting technologies are referred to as MBT 
technologies (a mechanical separation process precedes the biological one) whereas stabilization 
processes are termed BMT (since the biological process precedes the mechanical separation phase).106 

88..11..  MMBBTT  --  SSpplliittttiinngg  TTeecchhnnoollooggiieess  
The splitting technologies usually revolve around pre-sorting of waste materials using a combination of 
one or more of screens, magnets and density separators. The arrangement and design of these depends 
upon the subsequent treatment in the system. Usually, the denser, smaller sized fractions are sent for 
biological treatment with ferrous metals, inert materials and possibly some light packaging fractions 
being captured for recycling. Usually, a light fraction is separated for use as a refuse derived fuel 
(RDF). 
 
In these configurations, the biological treatment is much more likely to be akin to a composting type 
process, since the rationale for splitting partly relates to the view that the biodegradable element should 
be stabilised (rather than being merely dried through the heat generated by biodegradation) as a proper 
pre-treatment prior to landfilling. Hence, the ‘once biodegradable’ fraction should undergo biochemical 
changes which reduce the potential for methanogenesis, and reduce the undesirable nature of leachates 
from what is effectively a more benign material (see below). 

88..11..11..  KKuuffsstteeiinn  
The Kufstein plant in the Tirol region of Austria operates on the splitting concept. Following a 
shredding of the material through a slow-running unit, the material is screened into primarily 
biodegradable fractions and the larger fractions. Magnetic separation is used to extract ferrous metal 
from the latter fraction which is dried prior to being sent for energy recovery at the Wels incineration 
plant. The undersieve fraction is sent for biological treatment through an initial dynamic phase, then a 
second static phase, after which the material is screened again with the sub-18mm fraction being 

                                                      
105 This work is being undertaken for Greenpeace UK. 
106 See D. Hogg (2002) Treatment of the Future, Resource, 1(4), pp.30-32. 
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landfilled, and the 18-50 mm being added to the material sent for energy recovery. The two different 
fractions can be kept separate for energy recovery at different plants.  
 
In mass terms, the following fractions are derived from 1 tonne of waste: 
 

165-200 kg   to landfill 
500-525 kg   for energy recovery 
    10-15 kg        ferrous metal 
260-325 kg  process losses (in composting / drying) 

 

 
The plant modelling process is effectively modular. We have used Austrian data to characterize the 
separation and biological treatment aspects of the plant.107 We have modelled two cases, one where 
there is a standard biofilter in place, the other where a thermal biofilter is in operation (requiring 
additional energy input).  
 
The high calorific fraction which remains after separation is sent to an incinerator based upon the model 
used above (i.e. a standard UK incinerator). The stabilised biowaste is sent to landfill, where the 
modelling proceeds in a similar way to that for the untreated landfill, but with the characteristics of the 
input material significantly altered (see below).  

                                                      
107 T. Angerer and A. Reisenhofer (1999) Abluftemissionen der Mechanisch-biologischen Abfallbehandlung, 
Pilotanlage Kufstein, Berichte 126, Umweltbundesamt: Wien. See also U. Lahl, B. Zeschmarr-Lahl and T. 
Angerer (2000) Entwicklungspotentiale der Mechanisch-biologischen Abfallbehandlung: Eine Okologische 
Analyse, Umweltbundesamt: Wien 
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88..22..  BBMMTT  ––  DDrryy  SSttaabbiilliissaattiioonn  TTeecchhnnoollooggiieess  
The dry stabilisation technologies tend to treat a whole mass of material. The intention is usually to use 
the dried residual waste as a source of one or more of recyclables, RDF and a smaller fraction to be 
landfilled / used for landscaping.108 Because in many (not all) of these plants, the intention is 
predominantly that of generating an RDF, the aim of the biological treatment process is not a full 
stabilisation of the biowaste. The aim is to dry the material, hence increasing its calorific value, and 
improving prospects for subsequent handling.  
 
In exceptional circumstances, the aim may be to landfill the majority of the stabilised residual waste 
(with the aim being to reduce the potential for odours, leachate and methanogenesis), usually following 
extraction of recyclables.  
 
There is a significant difference in these two approaches. In the former case, the aim is to dry the 
material, so the heat energy generated is used to reduce moisture content. In the latter process (and this 
is also the case with splitting processes – see above), the rationale is more-or-less complete stabilisation 
of the material. In order for this to occur, microbial activity must be encouraged, the implication being 
that the material must be prevented from drying out.  
 
This distinction, or rather, the lack of appreciation of it, gives rise to some misunderstandings at present 
to the effect that ‘if MBT residuals are landfilled, once they come into contact with moisture, they will 
once again become likely to generate methane etc.’ This would be true if the materials being landfilled 
had simply been through a drying process, but it is not true of materials which have been subjected to 
proper (longer periods of) biological treatment. This is why in those countries which have sought to 
deploy MBT / BMT as a means to reduce the environmental impacts of landfilled waste, there are good 
arguments to be made in favour of standards for the waste to be landfilled relating to, for example, 
respiration indices and the like to ensure that waste being landfilled has been properly stabilised. 
Simple biological drying would not achieve these required levels of stabilisation. 

88..22..11..  AAßßllaarr  MMBBTT  ppllaanntt  ((HHeesssseenn))  
The Aßlar MBT plant treats the following wastes: 
 
Household waste 
Household industrial waste 
Bulky waste 
Sorted waste 
Sewage 

 
A flow diagram for the plant is shown below.  
 

                                                      
108 Some claim to generate quality composts. This seems unlikely to be a sustainable situation given the likely 
contamination with not only heavy metals, but also organic contaminants such as phthalates etc. Levels of heavy 
metal contamination should be standardised against agreed levels of stability (or volatile solids content, though 
dilution with foreign matter might distort such measurements). See D. Hogg et al (2002) Comparison of Compost 
Standards in the EU, North America and Australasia, Final Report for WRAP, WRAP: Banbury, Oxon. 
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88..33..  MMBBTT  //  LLaannddffiillll  OOppttiioonnss  
We have also modelled some options where there is no energy recovery associated with the MBT 
process. In some cases, the aim is to stabilise residual waste material prior to landfilling to render the 
material less likely to cause problems after landfilling. It should be noted that whilst this might be 
viewed by some as a strange approach, all residual waste treatments are effectively pre-treatments of 
material, some of which inevitably ends up in some form of landfill / deposit. Hence, precisely because 
of concerns regarding the longer-term impacts of landfilling on the environment, the pre-treatment 
stage has to be considered very important in seeking to render the ultimate landfilling of material as 
‘unproblematic’ as possible.  
 
A potentially unfortunate development related to the way in which analyses have proceeded in the past 
has been that waste treatments are seen more as ‘ways of generating energy’ than as ‘ways of treating 
waste’. If one overstates the gains from energy generation (by, for example, assuming that it is always 
coal-fired generation which is being displaced) and understates the potential environmental 
consequences (by, for example, underplaying the potential impact of landfilling of residues), the 
inevitable result is that the best performing waste treatment is the one generating most energy. This 
says rather more about the analysis and assumptions than it does about the treatments per se.   
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88..33..11..  SSiiggggeerrwwiieesseenn    
The Siggerwiesen MBT plant is conceived as a treatment plant without the separation of certain 
materials contained in the waste (with the exception of metals).  The treatment aim is a reduction of 
volume and odour emissions.  In addition, the degradation of organic materials leads to a clear 
improvement of the disposal characteristics of the materials on the landfill site. 
 
The plant consists of a reception bunker, shredding units, composting trommel, three magnetic 
separators, and the composting shed (intensive and secondary composting). The delivered waste is 
weighed on the weighbridge, and after interim storage in the deep bunker is transferred by grab crane 
into the feed funnel for the inclined conveyor belt installations and into the shredding units. 
 
The material is shredded in three of the four parallel operating, rapid running hammer mills to <100 
mm.  The fourth unit is a reserve unit in case of the breakdown of one of the hammer mills. 
The material is then run under the over-belt magnetic separators by conveyor belt and carried into the 
three aerated intensive composting trommels (30.5 m x 4 m). Additionally, thick sludge (skips) or thin 
sludge (tankers) is fed by feed installations from the neighbouring sewage plant.  The latter serves to 
adjust the water content to 50%. 
 
The mixture of materials spends 24 hours in the continually turning trommel, and in so doing, warms 
up to 35 to 40 ºC.  It is then passed under a magnetic separator by conveyor belt, carried into the closed 
composting shed and there built up to 3.70 m high aerated clamps by conveyor belt system. 
 
During the three to four-week long composting, there is no turning over of the materials.  The clamps 
are continually suction-aerated.  In order to remove the water from the aeration channels, it is switched 
over to pressure aeration for 5 minutes every two hours.  After the conclusion of the composting the 
material is carried out of the shed area by wheel loader, and transported to the operation’s own landfill 
site.  The input consists of municipal residual waste, sewage sludge and other such biologically 
degradable waste (production-specific waste). 
 
In 1998 the Federal Environment Office of Vienna carried out waste air measurements at the 
Siggerwiesen plant.  The most important of these are used to characterize plant emissions to the 
atmosphere.  The results of the crude gas investigations refer to the waste air of the composting 
trommel (6 tests) and the shed waste air (3 tests).  Further parameters which were investigated, but 
which are not reproduced here, are acetates, chlorobenzenes and PAH.  The orientating pure air 
investigations which are contained in the publication are not considered on account of the 
unrepresentative sampling. 
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88..33..22..  AAlllleerrhheeiilleeggeenn  
We also reviewed data for the plant at Allerheilegen (also in Austria). The dataset for this plant was 
deemed more representative of the actual process which we were seeking to describe since the longer 
treatment period for the biowaste generates a more stable product. This has effectively been shown in 
results presented by Binner.109 
 
As at Siggerwiesen, the material is treated using a hammer mill before being run under an overband 
magnet. The material is homegenised and then sieved in a trammel where a >80mm fraction is 
extracted and sent direct to landfill. The sub-80mm fraction is subjected to a 2 week intensive 
biodegradation phase, followed by a 4 week period of maturation. The higher level of stability achieved 
at Allerheilegen is effectively made manifest through the higher level of CO2 emissions.  
 
The data for both plants included measurements in the raw gas of the components listed in Table 32. 
Measurements on emissions from gas drawn through the biofilter were somewhat less extensive.  

                                                      
109 Erwin Binner (2002) The Impact of Mechanical-Biological Pre-treatment on Landfill Behaviour, Paper 
Presented to the European Commission Biowaste Workshop, May 2002. 
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Table 32: Measurement Taken for Raw Gas, MBT Plants 

VOCs Aliphatic hydrocarbons PAH 
Alkanes Dichlormethane Naphtalene 
Cyclohexane 1,2-Dichloroethene Acenaphthylene 
n-Heptane 1,2-dichloroethane Acenaphthene 
n-Oktane 1,1,1-trichloroethane Fluorene 
n-Nonane Trichloromethane Phenanthrene 
n-Dekane Tetrachloromethane Anthracene 
n-Undekane Trichloroethene Fluoranthrene 
n-Dodekane Tetrachloroethene Pyrene 
Terpenes Heavy metals benzo[a]anthracene 
Camphor Arsenic Triphenylene 
alpha-pinene Mercury benzo[b]fluoranthrene 
beta-pinene Cadmium benzo[k]fluoranthrene 
Limonene Lead benzo[e]pyrene 
Aromatic Copper benzo[a]pyrene 
Benzene Manganese indeno[1,2,3-cd]pyrene 
Toluene Nickel benzo[a]anthracene 
Ethylbenzene Fluorohydrocarbons benzo[ghi]perylene 
m-,p- xylene R11 Trichlorfluoromethane Chlorobenzenes 
o-xylene R12 Dichlordifluoromethane 1,3,5-trichlorobenzene 
styrene R21 Dichlorofluoromethane 1,2,4-trichlorobenzene 
Chlorbenzols R113 1,1,2 Trichlortrifluoroethane 1,2,3-trichlorobenzene 
chlorobenzene R114 1,2 Dichlortetrafluoroethane 1,2,3,5-tetrachlorobenzene 
1,3-dichlorobenzene Aldehyde 1,2,4,5-tetrachlorobenzene 
1,4-dichlorobenzene Formaldehyde 1,2,3,4-tetrachlorobenzene 
Acetate and Ketones Acetaldehyde pentachlorobenzene 
Acetate Propionaldehyde hexachlorobenzene 
n-Butylacetate Valeraldehyde Phthalates 
iso-Butylacetate  Dimethylphthalate 
tert. Butylacetate  Diethylphthalate 
Ethylacetate  Dibutylphthalate 
Ketone  Benzyl-butyl-phthalate 
Acetone  Di-ethylhexyl-phthalate 
2-butanone  Dioctylphthalate 
2-Hexanone   

 

88..44..  LLaannddffiilllliinngg  ooff  SSttaabbiilliisseedd  BBiioowwaasstteess  
After mechanical-biological pre-treatment, in addition to mineral or biological inert material, there still 
remains a certain proportion of organic substances which can be broken down biologically.  Gas 
emissions and temperature increases are therefore still possible once the material is landfilled, albeit at 
a much reduced rate.  
 
Furthermore, the pre-treated waste still contains a series of organic and inorganic pollutants which 
could be emitted via the gaseous and aqueous pathways.  For this reason, for the planning, operating 
and after-care of pre-treated waste landfill sites, information is needed concerning the pollutant loads 
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which are to be expected long-term (emissions potential) and their speed of release (emissions kinetics), 
depending on the environmental and boundary conditions.   
 
The duration of the composting until the alternative maturation criteria are reached (RS4, GF21, TOC) is 
dependent on the operating management and the system selected.  As a rule the following applies: 
 
 the more dynamic the process, the shorter the composting time to achieve a given level of stability; 
 the shorter the time in the (quasi) dynamic system, the longer the secondary composting required in 

the static system to achieve the same level of stability;  
 
Unfortunately, the comparison of the measurements from various plants and laboratories still continues 
to be impeded, due to an uncoordinated, unstandardized or variably applied analysis methodology. 
Furthermore, there remains some discussion as to what constitutes an adequate measure of stability.  
 
Table 33 shows the potential reductions in key emission characteristics associated with biologically 
pre-treated waste. The actual level of reduction in gas generation potential and other factors is 
significantly affected by the time for which the material is treated, and the nature of the treatment. It is 
important to understand, however, that the degree to which reductions in gas generation potential are 
achieved over time follows something akin to an exponential decay curve. This means that successive 
reductions in gas generation potential are achieved over progressively longer periods. This has 
implications for the costs of pre-treatment. Hence, there remains a debate concerning the appropriate 
standard to set for stability. The crux of this debate is neatly encapsulated in the comparison between 
German and Italian standards shown in Table 34. 
 
There are several different measures used to assess stability of material. One measure, the dynamic 
respiration index (DRI), aims to assess stability in a quick test of the material. DRIs for different 
materials are shown in Table 35. This clearly shows the effect, in Italian waste management systems, of 
source separation on the fermentability of the residual material. Furthermore, it shows that door-to-door 
source separation systems reduce the DRI of residual waste much more effectively than systems which 
are based upon road containers (effectively, communal bring schemes). Conversely, the DRI of 
separated organic fractions from door-to-door systems is much greater than those where collection 
approach is through road-containers. Hence, not only does the DRI Table illustrate the value of 
stabilization of the residual waste through MBT / BMT, but it also shows how source separation can, 
through reducing the biowaste content of residual waste, significantly alter the nature of residual waste.  
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Table 33: The effects of biological pre-treatment  

Feature Final outcome [source] % reduction 
(as compared to initial) 

Respiration rate  5 mg O2/g d.m. (96 h)                                [1] 
about 400 mg O2/kg VS.h                          [2] 
 

80-90% 

COD,  
Total N in leachate 

< 100 mg/l                                                   [1] 
< 200 mg/l                                                   [1] 
 

about 90% 

Gas production attitude 20-40 l/kg d.m                                          [1,2] 
 

90% 

Volume  final density (compacted): 1.2-1.4 t/m3         [1] 
mass loss (due to mineralisation): 20-40% [1] 
 

up to 60% 

Source: Adani F. (2001) Personal communication; Leikam K., Stegmann R.(1997). “Landfill behaviour 
of mechanical-biological pretreated waste”. ISWA Times, Issue 3/97,  pp.23-27; Wiemer K., Kern M.: 
Mechanical-biological treatment of residual waste based on the dry stabilate method, in  Abfall-
Wirtschaft: Neues aus Forschung und Praxis, Witzenhausen, Germany, 1995 
 

Table 34: Comparison of German and Italian Standards for Stability of MBT Output  

Standard for Stability  Residual Biogas  
(kg TS-1) 

Biogas Reduction 
(%) 

Treatment 
Time 

Germany 
5000 mg kg TS 96hr-1 

20 90-95 2-6 months 

Italy (proposed) 
1000 mg O2 kg VS-1h-1 

60-80 95-85 15-40 days 

Source: Adani et al (2002) Static and Dynamic Respiration Indexes – Italian Research and 
Studies, Paper to the European Commission Technical Workshop on Biowaste. 
 
AEA Technology report that long-term behaviour of highly stabilised MBT residue has been predicted 
from a series of detailed experiments using landfill simulation reactors. 110 Consistent with the above 
discussion, the results showed that: 
 

1. MBT reduces the landfill gas emission potential by 90% compared with untreated MSW. The 
remaining emission potential is characterised by half-lives of 15 – 30 years, about 10 times 
longer than for untreated MSW. The authors conclude that the slow rate of residual CH4 
emission means that methane oxidising organisms in the cover soil will, in all probability, 
oxidise all of the CH4 released. 

2. MBT residual waste can be compacted to very high density in landfills (ca 1.5 tonnes / m3, 
which results in very low hydraulic conductivities (in the range 1 x 10 -10 to 5 x 10 -9 m/s). As 
a consequence of the low infiltration of water, leachate production is minimised and the total 

                                                      
110 Hoering, K, Kruempelbeck, I and Ehrig, H-J. (1999) Long-term emission behaviour of mechanical-biological 
pre-treated municipal solid waste. In: Proceedings Sardinia 99. Seventh International Waste Management and 
Landfill Symposium. S Margherita di Pula, Caligari, Italy, 4-8 October 1999. pp 409-418. 
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nitrogen and total carbon content of the leachate reduced by up to 95% and 80 - 90 % 
respectively.  

 
The latter finding is confirmed by Binner who reports on the lower permeability of landfilled waste 
from mechanical biological pre-treatment. 111 This can, however, lead to problems of placement, and the 
smaller particle size reduces the friction angle giving rise to problems of stability of large quantities of 
the material. 
 

Table 35: Dynamic Respiration Indices for Different Waste Fractions 

DRI (mg O 2 kg VS -1 h -1 )  Typology 
70-150  MSW landfilled (age : 20 years)  
200-500  Evolved compost (OMEI > 0.6) 
300-400  Residual waste from door separate collection 

(dry fractions) 
500-700  MSW Biodried/biostabilized (10-12 days) 
800-1000  Residual waste from double road containers 

(dry fractions) 
800-1200  Stabilized OM from mechanical separation 

(15-30 days) 
1000-1300  Residual waste from road containers (dry + 

wet fractions= MSW) 
2000-2800  Organic matter from mechanical separation of 

the MSW (Ø < 50-60 mm) 
2500-3500  OM sep. collection/lignocellulosic (2:1 p/p) 
4000-5000  Separate collection (OM= 80-85 % p/p) 
 
In the absence of additional, appropriate research (which is not to say that this does not exist, merely 
that we have not managed to do so in this project), we have assumed that the landfilling of stabilised 
biowastes generates 10% of the landfill gas and 10% of the leachate which would be generated by the 
raw untreated waste. We assume that since the material is considered to be well-stabilised (this would 
be a key objective where the material was intended to be landfilled), the net methane emissions are 
indeed zero.112 

                                                      
111 Erwin Binner (2002) The Impact of Mechanical-Biological Pre-treatment on Landfill Behaviour, Paper 
Presented to the European Commission Biowaste Workshop, May 2002. 
112 Some German sites have recorded no net emissions.  
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99..00  PPYYRROOLLYYSSIISS  AANNDD  GGAASSIIFFIICCAATTIIOONN  
Processes designed to treat municipal waste through pyrolysis and/or gasification are the focus of much 
attention at present. These processes tend to be patented processes and although they are based upon a 
similar principle, the configurations differ.  
 
Regarding the operation of plant using municipal waste, these plant have not been without problems 
even though in the case of, for example, pyrolysis, technologies are widely used in other industries. 
Considerable attention is now focused upon pre-treatments required to optimize plant operation and 
upon the critical components, such as refractories, designed to enable the plant to work for continuous 
periods without problems. It is perhaps this question of reliability which is the most important factor 
hindering the uptake of these technologies.  
 
Partly because these plant are not widely in operation, there is rather little by way of reliable life-cycle 
data to go upon. As Hellweg points out:  
 

‘The consideration of new technologies involves many uncertainties, since in most cases no 
operative plants have successfully been built so far. It is assumed that the new technologies 
behave as expected from the results of pilot plants. The data should be revised as soon as 
results from full-scale plants are available.’ 

 
Here, we have used the data from the PKA plant in Aalen.  

99..11..  PPKKAA  pprroocceessss  
The MSW pyrolysis plant in Aalen, Germany, delivered by PKA and now operated by the AVE 
company has been in operation since summer 2001. The energy produced is directly delivered to an 
electricity station and heat is delivered to the nearby hospital and school.  
 
The waste is conveyed into a rotary tube via a screw. The pyrolysis drum is heated externally with hot 
gas from the combustion chamber, which is operated with propane gas (for start up) and (subsequently) 
with clean pyrolysis gas. Pyrolysis gas is prevented from escaping due to the fact that the drum is 
operated below atmospheric pressure and that a special sealing system is provided between the 
stationary and rotary drum section. 

The pyrolysis residue (char) yielded at the end of the degasification drum is pressed through a water 
bath by means of a screw extruder and subsequently discharged for further use via a screw conveyor. 
The water bath serves, on the one hand, for sealing the pyrolysis drum and, on the other hand, the 
surface of the carbon portion of the residue acquires an activated structure. 

The pyrolysis gas is drawn though a glowing zone in the gas converter. At approximately 1200C and 
retention time of 2 seconds, the organic constituents of the carbonization gas are cracked into short-
chain components. In addition to the thermal destruction of organic pollutants, the gas converter 
performs dedusting functions and results in the homogenization of the cracked gas. This then leaves the 
reactor towards the top with a temperature of 900-1000C. The cracked gas is sent in a gas quenched and 
subjected to a wet scrubbing where inorganic acid pollutants are washed out. After wet scrubbing the 
gas is subjected to a sequence of dry filtering which removes any remaining organic pollutants as well 
as mercury and hydrogen sulphide. The clean cracked gas has CV 4000kJ/m3. 
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Figure 20: Schematic of PKA Process 
 

 

In the integrated version, the char is gasified after separation of the metals and minerals. Because of the 
properties of pyrolysis char it is possible to apply a process similar to the production of gas from coal. 
In this process, pyrolysis char is converted into a combustible gas and a glass granule. Subsequently the 
gas is cleaned, together with the cracked gas from pyrolysis, and is then available for (in most cases 
energetic) utilisation.  

For the processing the input must have a residual water content of less than 10% and a grain size of 
max. 2 mm. This is ensured by an appropriate pre-processing of the char. Pre-processing typically 
consists of grinding and metal separation. Ferrous and non-ferrous metal can be recovered separately 
even when the particles are very small. 

The pyrolysis char is entered into the reactor from the top. With the aid of technical oxygen (93% O2) 
the carbon contained in the pyrolysis char is converted into gas in a high temperature smelting reactor. 
In this reaction heat is set free, which melts the ash part of the pyrolysis char. The temperature in the 
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lower part of the reactor (oven with ceramic lining) is about 1500°C. The fluid slag is drawn off via a 
siphon and quenched in water. The gas produced in the reactor is drawn off via the lower oven and has 
a temperature of about 1.400 °C. 

The gas produced consists of approx. 55 Vol.-% CO (carbon monoxide). Prior to use, the gas must be 
dedusted and cleaned, as it unavoidably contains dust and also a quantity of hydrogen sulphide. The 
cleaning can be done by the same apparatus as used for pyrolysis gas. 

The solid product is a fine grain glass granule with a typical size of 1 mm. In this granule, remaining 
heavy metals and other pollutants are embedded very firmly so that they cannot be leached out even 
with acid. All requirements for on-surface dumping are easily fulfilled. For example, the requirements 
of the German TASi (technical advice for municipal waste) for dumpability under class I, which are not 
fulfilled by slag from waste incineration, are quite stringent, but this glass granule is far better than 
required. 

We have used data from the study carried out by VITO for OVAM. We have incorporated all auxi liary 
inputs and energy use into the modelling. The landfilling of residues is not modelled. 
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1100..00  RREESSUULLTTSS  
1100..11..  AApppprrooaacchh  
The approach undertaken in this study is as follows: 
 

a) as far as possible, gather quality data on inputs and outputs from the process. Where 
similar processes are being modelled, we have looked at some of the key displacement 
effects with sensitivity to key assumptions; 

b) to characterize, as far as possible, all direct emissions to the environment associated with 
the process. These are then characterized through life cycle approaches to seek to clarify 
key impacts; 

c) We have included auxiliary inputs as far as possible but not the capital structures housing 
facilities; 

d) We have not included an analysis of materials recovered for recycling. All the facili ties 
other than the direct landfilling process seek to recycle ferrous (and sometimes non-
ferrous) metals. Arguably, to the extent that this is the major recovered material (certainly 
in terms of environmental gain) then all treatments are more or less equal with the 
exception of the untreated landfilling route. Exceptions will be where other treatment 
residues are recycled to non-landfill purposes, though here, the fate of these materials into 
the environment is actually not well understood. To the extent that this might represent a 
‘net gain’ in the short-term over landfilling of residues, the time period over which 
releases into the environment occur, and over which one considers these to be important, 
may be rather important and there is no clear analysis to show whether the ultimate fate of 
the constituent materials is improved under the recycling scenario in all cases. Clearly, 
however, there is some product displacement effect; 

e) We have not considered transportation impacts. Previous analysis by ourselves has shown 
that i) the impacts of road transport are well internalized by fuel duty and ii) the impact of 
transport on the overall analysis is likely to be significant only in extreme circumstances 
and / or where the differential distances (across the options being compared) are 
considerable.113 It seems that this will, most likely, not be generally true in the UK. In any 
case, i) implies that to look both at private costs and the environmental aspects of waste 
management risks double counting the externalities internalized in the cost of transport; 
and 

f) Whilst the landfilling module is better developed for the landfilling of MBT residues and 
the landfilling of untreated waste (particularly with respect to leachate), it is not well 
developed for the thermal treatment options. This is currently being developed in our 
model using transfer factors sourced from Austrian and Swiss studies. We comment upon 
this matter separately at the end of this chapter. 

 
The Scenarios which we have modelled are as shown in Table 36. The reference in parentheses refers to 
the source of energy which is assumed to be used / displaced in the specific scenario. It is important to 
understand again the link between environmental costs and benefits and the private costs of different 
waste treatment options. To the extent that energy from waste technologies are eligible for Renewables 
Obligation Certificates (ROCs) in the UK, there is already a mechanism (albeit an imperfect one) which 
effectively internalises (to a degree determined by the trading price of ROCs) any assumed 
environmental benefit from the ‘displacement’ of other sources of electricity (not heat).  
 
                                                      
113 Some sensitivity was conducted by Hellweg on this. 
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Table 36: Scenarios Modelled in the Study 

Broad Treatment Type Specific Scenario 
Landfill Options Total Landfill (gas) 
 Total Landfill (coal) 
 Total Landfill (none) 
Incinerator Options Total Incinerator (gas) 
 Total Incinerator (coal) 
 Total Incinerator (none) 
Best Practice Incinerator Total Incinerator, avoided gas 
 Total Incinerator, avoided coal 
 Total Incinerator, no energy displacement 
MBT Options MBT (biofilter) + Incinerator (gas) 
 MBT (biofilter) + Incinerator (coal) 
 MBT (biofilter) + Incinerator (none) 
 MBT (thermal filter) + Incinerator (gas) 
 MBT (themal filter) + Incinerator (coal) 
 MBT (thermal filter) + Incinerator (none) 
MBT Landfill Options MBT (biofilter, gas), residue to landfill 
 MBT (biofilter, coal), residue to landfill 
BMT Options BMT Power (Coal) 
 BMT Cement Kiln (Coal) 
 BMT Incineration (Gas) 
 BMT Incineration (Coal) 
 BMT Incineration (None) 
 BMT Fluidised Bed (gas) 
 BMT Fluidised Bed (coal) 
 BMT Fluidised Bed (none) 
Pyrolysis PKA (gas) 
 PKA (coal) 
 PKA (none) 

 
One can compare the ROC buy-out price of 3p/kWh with estimates from the ExternE projects as to the 
external costs of different forms of energy generation in the UK.114 These were €0.0420-0.0670 for 
coal, and €0.0110-0.0220 for gas (compared with €0.0013-0.0015 for wind). To the extent that one 
accepts these estimates, a 3p/kWh financial benefit more than covers the total external costs of 
generation of energy through gas, and covers the external costs at the lower end of the range of 
estimates for coal. In other words, there is reason to believe that those treatments eligible for the sale of 
ROCs already receive a financial benefit associated with any assumed ‘avoided burdens’. This may 
well be of such a magnitude that it covers all the avoided burdens.  
 
The default scenario in this analysis is where the source of electricity from which burdens are deemed 
to have been avoided is gas. We also show analyses of the situation where no burdens are displaced, 
and where coal is displaced. In the co-incineration scenarios, we assume that the displaced source is 
coal at the coal-fired power station (for obvious reasons) and coal at the cement kiln. The case of the 
cement kiln is more complex since the displaced source could actually be petcoke or even another form 

                                                      
114 CIEMAT (1999) ExternE: Externalities of Energy: Vol.10, National Implementation, Luxembourg: Office for 
Official Publications of the European Communities. 
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of waste (if, for example, there are reasons why municipal waste might be combusted at kilns in 
preference to other wastes). 
 
It must be stressed that the modelling carried out here is: 
 

a) not complete (this is not unusual in this type of analysis); 
b) partial, to the extent that not all possible treatments are being modelled. For example, an 

obvious omission is an MBT plant where the biological treatment part is a combined anaerobic 
/ aerobic process (as happens at the Bassum plant, for example). 

 
Furthermore, the analysis could have looked at co-incineration facilities with different characteristics. 
The co-incineration options in this analysis are based on a high standard of operation. These may not be 
representative of performance at current UK facilities. These treatments are described briefly below. 
 
Hard coal fired power station 
The module used is a hard coal power station. The power station has a power rating of 500 MW, a net 
electrical generation ratio of 43.5%. A flue gas desulphurisation (FGD) plant, a DeNOx plant and an 
electrostatic precipitator are connected to reduce emissions. The FGD operates using the wet method 
which relies on a stoichiometric ratio of limestone-SO2. This reduces the SO2 emissions by 90%, the 
dust emissions by 90% and the HCl and the HF emissions by 95% each. The DeNOx plant using the 
SCR-process (selective catalytic reduction) with ammonia added in a stoichiometric relation. The NOx-
emissions are thus reduced by 85%. The electrostatic precipitator reduces the dust emissions by a 
further 99.5%.  
 
Cement Works  
The cement process is built as a dry kiln equipped with cyclone or grid preheater. Dust is minimised by 
an electrostatic precipitator. The basic primary fuel used in the cement process is hard coal. Under this 
requirement the technique used in this module can be considered to be typical for a large number of 
cement kilns in Europe.  

1100..22..  IImmppaacctt  AAsssseessssmmeenntt  

1100..22..11..  CClliimmaattee  CChhaannggee  
In the following analysis, we do not distinguish between ‘short-cycle’ and ‘long-cycle’ emissions. Most 
life-cycle analyses prefer to ‘ignore’ the biogenic sources of CO2 as being ‘not relevant’ for the 
analysis. This results in the need to net off ‘sequestered’ emissions in, for example, landfills where 
certain materials do not degrade as they would do under aerobic conditions. We have simply reported 
all emissions of climate change gases as far as possible. In a comparative analysis, this is preferable as 
long as one is not aggregating impacts against a specific reference point. In comparative analyses, the 
choice of reference point is arbitrary.  
 
This should be noted in comparisons of the results of this study with other studies. It should be noted 
that one reason we have done this in the past is to understand better the discounted environmental costs 
of greenhouse gas emissions (by allocating emissions to the year in which they occur, something LCA 
analyses do not do). It turns out that the time horizon of emissions is actually rather important. 
Emissions from e.g. landfills and compost processes (i.e. those associated with material applied to land) 
occur over an extended period of time, and the arbitrary distinction between ‘short-‘ and ‘long-‘ cycle 
emissions has to be regarded as exactly that - an entirely arbitrary distinction, presumably made with 
the aim of simplifying policy and modelling around climate change scenarios. Unfortunately, this 
‘simplifying assumption’ can give rise to serious misunderstandings. 
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The climate change effects are reported in Figure 21.  
 

Figure 21:Climate Change Emissions Associated with Different Scenarios (kg CO2 equivalent 
over 100 years per tonne of waste) 
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The climate change effects are dependent upon several key factors: 
 
For energy recovery options, the assumption concerning the displaced source of energy is 

critical; 
For energy recovery options, the assumption concerning the efficiency of transformation of 

energy is also crucial; 
For MBT / BMT options with fractions sent to landfill, the nature and duration of the treatment 

will determine the potential for subsequent methanogenesis of the landfilled material;  
For scenarios with material being landfilled, the characteristics of the landfill, most notably: 

o The efficiency with which methane is captured; and 
o The degree to which methane is oxidized in leachate and restoration layers; 

In a full analysis (we have not accounted for these emissions here), the rate at which secondary 
materials, notably ferrous and non-ferrous metals, are recovered for subsequent use. 

 
It is notable that as one alters the characteristics of the landfill under investigation, one finds that the 
landfill does not necessarily perform worse than an energy from waste grate incinerator. Of course, this 
demands high rates of methane capture, and this would ideally be ‘supported’ by restoration layers 
operating in such a way as the methane which seeks to escape is oxidized in the restoration layer.  
 
The same conclusion was effectively reached by AEA Technology in their recent study for the 
European Commission. The sensitivity analysis conducted around landfill performance looked at 
landfills operated with the best practice technology. That best practice – posited at 80% efficiency of 
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methane capture (which seems very high indeed), with 60% of the captured gas used for energy 
recovery – was most closely approximated, in the authors’ views, by the UK, in which it was estimated 
that 90% of sites had gas capture in place, methane was collected at 70% efficiency, and 60% of the gas 
was utilized for energy at an efficiency of around 30%. Moving from the Base Case to the Best Capture 
Case, the effect is to completely transform the outcome from one in which positive net emissions are 
recorded, to one in which the emissions turn negative (see Table 37). In short, the landfill begins to 
operate as a carbon sink. This is because in the AEA study, the distinction was made between ‘short-
cycle’ and ‘long-cycle’ carbon, with the complete mineralization of carbon of biogenic origin being 
treated short cycle (and therefore, counted as ‘zero’ for the purpose of GHG emissions). Because 
landfills do not lead to complete breakdown of the material over the 100 year ‘short-term’, there is 
effectively a negative emission associated with carbon of biogenic origin which still remains in the 
landfill.  

Table 37: Climate Change Emissions from Best Practice Landfill as Reported in AEA 
Technology (2001) 

Parameter  Base Case Value Best Capture 
Case 

Fraction of landfill carbon decaying to 
methane  

50% 50% 

Percentage of waste in sites with gas control  68% 100% 
Gas collection efficiency  54% 80% 
Percentage of uncollected methane oxidised  10% 10% 
Percentage of collected LFG vented without 
combustion  

10% 10% 

Percentage of collected LFG utilised for 
energy  

60% 60% 

Percentage of collected LFG flared  30% 30% 
LFG electricity generation efficiency  30% 30% 
Net Climate Change Emissions (kg CO2 eq/t 
MSW) 

327 -121 

Source: Adapted from Smith, A., K. Brown, S. Ogilvie, K. Rushton and J. Bates (2001) Waste Management 
Options and Climate Change, Final Report to the European Commission, DG Environment, July 2001 
 
The best practice landfill figure of -121 kg CO2 equ/t can be compared with the same study’s analysis 
of incineration processes. This showed that where (as with the landfill case) one assumes the displaced 
source of energy is the EU average for electricity production, the net climate change emissions are -10 
kg CO2 equ/t MSW (see Table 38). In other words, the best practice landfill would be performing 
better from the climate change perspective. 
 
These comments become even more pertinent when one considers situations where MBT / BMT is used 
as a pre-treatment for landfilling. In these cases, the effect is to make the treatment a better option than 
incineration, irrespective of whether the plant is equipped to recover heat as well as energy. 
 
Lastly, where MBT is used prior to co-incineration of RDF, the greater displacement effects from the 
co-incineration options (where the displacement effect is treated as though energy would otherwise be 
derived from coal, and where the coal is effectively displaced on ‘a one-for-one basis’) lead to the 
lowest climate change impacts.  
 
It seems fair to say, therefore, that the net emissions depend critically upon the operational efficiencies 
of the different treatment / disposal routes. It also seems reasonable to point out that life-cycle models 
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which present ‘objective data’ in black-box form, where they are used uncritically and without any 
clear statement of the underlying assumptions, are liable to be either a) misused or b) more worryingly, 
used to produce a particular outcome under the guidance of more experienced users who can choose the 
assumption to fit the ‘desired result’.  
 
Figure 21 is reproduced below but for a situation in which the efficiency of gas collection from the 
landfill is reduced from 55% to 30%. The effect is to make landfill the worst option. This highlights the 
sensitivity to the underlying assumptions concerning the performance of the landfill. 
 
In both Figure 21 and Figure 22, we have shown the impact assessment according to different time 
horizons for the global warming potentials. It is important to recognise that the relative global warming 
potentials of the different greenhouse gases are dependent upon the time horizon being used. This is 
because the gases have different residence times in the atmosphere. Hence, whilst the treatments for 
which the principal greenhouse gas emitted is carbon dioxide show a broadly constant figure measured 
across 20, 100 and 500 year horizons (measured in CO2 equivalents), the landfill case shows significant 
variation due to the fact that the emitted methane has a different relative global warming potential. As 
the time horizon shortens, the effect of the methane is magnified. Hence, the worst case scenario would 
be a landfill with low rate of gas capture assessed over a short time horizon. 
 
But of course, this is somewhat artificial. If we are serious about using a 20 year horizon, we ought 
probably to examine the emissions of the landfill only over 20 years. In our modelling, approximately 
75% of the gas emitted over a 100 year period is emitted in the first 20 years. This shows how the 
choice of assessment model can be used to influence the apparent performance of landfill relative to 
other treatments. The shorter time horizon is the one most likely to make landfill look worst in absolute 
and relative terms. 
 
In Figure 23 we show the emissions in the case where it is assumed there are no benefits from energy 
displacement, and in Figure 24, we show the case where it is assumed that coal is the displaced source. 
An important result is that even where the displacement effect is with respect to coal, landfill based 
scenarios can perform better than thermal treatment based ones as long as the gas collection system is 
efficient, and as long as the time horizon for assessing the global warming impacts is not a short-term 
one.  
 
This is not a result which WISARD seems likely to deliver given the lack of any consideration of 
sequestration of biogenic carbon (which might be acceptable if the model were extended over infinite 
time, in which case, the modelling of ash residues must be considered – see below). The recent 
comparative analysis conducted by Enviros Aspinwalls showed that the modelling within WISARD of 
emissions of both methane and carbon dioxide is relatively insensitive to changes in waste composition 
(or anything else, apparently). Our analysis reveals not only the sensitivity of the assessment to certain 
key assumptions (regarding landfill gas collection efficiency, the degree of stabilization of waste which 
is pre-treated prior to landfilling, the assumed energy source being avoided and implicitly, the 
efficiency of energy generation at energy recovery facilities). Without understanding these, and making 
appropriate choices in specific circumstances, such modelling is likely to be misleading and possibly 
biased, especially where no sensitivity analysis is carried out. 
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Table 38: Greenhouse Gas Emissions from Incinerators (assuming electricity only, and energy displacement as EU average energy mix) 
 

Treatment 
Waste 
component 

Short 
cycle 
CO2 Fossil CO2    

Short cycle C 
sequestered  

Sum of fossil 
C and 
sequestered C CH4 emission 

N2O 
emission Total GHG flux 

INCINERATION (GWP=0)  Process  
Energy 
use  

Avoided 
energy and 
materials 

Transport / 
mobilization (GWP=-1)  GWP=21  GWP=310  

 Paper  1209 0 0 -257 8 0 -250 0 15 -235 
 Putrescible  692 0 0 -89 8 0 -81 0 15 -66 
 Plastic  0 2237 0 -703 8 0 1541 0 15 1556 
 Glass  0 0 0 0 8 0 8 0 15 23 
 Metal  0 0 0 -1369 8 0 -1361 0 15 -1346 
 Textiles  718 718 0 -326 8 0 401 0 15 415 
 Other  538 256 0 -187 8 0 77 0 15 91 
 MSW  652 230 0 -262 8 0 -25 0 15 -10 

Source: Adapted from Smith, A., K. Brown, S. Ogilvie, K. Rushton and J. Bates (2001) Waste Management Options and Climate Change, Final Report to the 
European Commission, DG Environment, July 2001 
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Figure 22: Climate Change Emissions Associated with Different Scenarios, Landfill 
Performance Adjusted (kg CO2 equivalent over 100 years per tonne of waste) 
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Figure 23: Climate Change Emissions Associated with Different Scenarios, Well Behaved 
Landfill, but no avoided emissions (kg CO2 equivalent over 100 years per tonne of waste) 
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Figure 24: Climate Change Emissions Associated with Different Scenarios, Well Behaved 
Landfill, but no avoided emissions (kg CO2 equivalent over 100 years per tonne of waste) 
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1100..22..22..  OOzzoonnee  DDeepplleettiioonn  ((OODDPP  sstteeaaddyy  ssttaattee  aapppprrooaacchh))  
None of the scenarios have major impacts in respect of ozone depletion. It is the MBT systems which 
appear to generate most by way of emissions in this respect. Whilst this is largely to be expected, it is 
also probably a reflection of the fact that the emissions of the types of chemical responsible for ozone 
depletion are increasingly well monitored at MBT plants (so measurement of CFCs and volatile organic 
compounds tends to be quite good). It should be noted that thermal filters tend to reduce these 
significantly (they more or less eliminate them). The greatest level of emissions recorded was 0.006406 
kg CFC-11 equivalent.  

1100..22..33..  SSmmoogg  ((pphhoottoocchheemmiiccaall  ooxxiiddaattiioonn))  
The impact of the options on photochemical oxidation is shown in Figure 25 for the default assumption 
in which gas-fired generation is being avoided. Even the well-behaved landfill which has been modelled 
is by far the worst performer in this category. The effect of MBT / BMT options as pre-treatments to 
landfill is quite clearly illustrated as being positive. From a situation in which the landfill performs far 
worse than a grate incinerator, the effect of MBT is to improve performance significantly such that the 
impact is similar to that for the UK-standard grate incinerator with recovery of electricity only.  
 
Basically, the avoidance of electricity generation, especially coal, has a major influence on the results. 
Hence, in those energy generating systems where coal is displaced, the performance is best (see Figure 
26). Similarly, if one concentrates only on the direct effects, after untreated landfill, the MBT landfill 
systems perform worse. Of the MBT/BMT systems, co-incineration systems are worst. Note that 
comparing the performance of the two MBT / incineration options, one with standard biofilter and one 
with a thermal filter, suggests that these impacts could be reduced with improvement in filtering of 
exhaust gases. It is also worth mentioning that the measurement of some of the relevant gases was 
particularly well-characterised in the MBT/landfill system. 
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Figure 25: Photochemical Oxidation Potential, Gas as Avoided Source (kg ethylene equivalent 
per tonne waste) 
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Figure 26: Photochemical Oxidation Potential, Coal as Avoided Source (kg ethylene equivalent 
per tonne waste) 
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Figure 27: Photochemical Oxidation Potential, No Avoided Source (kg ethylene equivalent per 
tonne waste) 
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Once again, the significance of the assumption concerning the displaced energy source is very clearly 
demonstrated. This affects the order of rank of the different options. 

1100..22..44..  HHuummaann  TTooxxiicciittyy  ((pprroobblleemm  oorriieenntteedd  aapppprrooaacchh))    
The results of the human toxicity analysis are shown in Figure 28. The effects are greatest for the direct 
landfill options. This is consistent with the fact that, since much of the effect comes through from 
emissions to water (from landfilling), the fact that this has not been well modelled for the other 
treatments makes these appear rather better than would be the case in a complete analysis. On the other 
hand, what is notable is the rather good performance of MBT/landfill options where we have modelled 
the landfill emissions. From the perspective of human toxicity, no energy recovery treatment out-
performs these unless the assumption is that coal is the avoided source of energy.  
 
It is worth noting that the avoided impacts of coal in respect of human toxicity are also time-dependent. 
This effect is shown through consideration of the 20 year, 100 year and infinite period horizons.  
 
If one looks at the direct impacts of the treatments, then apart from landfill, the worst performance is 
shown by the UK-standard incinerator. The incinerator operating at higher standards than are typically 
imposed in the UK shows significantly improved performance. The impact in terms of human toxicity 
falls to a fraction of its current level and becomes comparable with what is claimed for pyrolysis.   
 
Note the comparison between the co-incineration scenarios under the BMT Options. The power plant 
performs worse than the cement kiln despite (amongst other things) the greater emissions of mercury 
from the kiln. This is simply a consequence of the fact that the mercury content of the input wastes is 
calculated to be low (in absolute terms).  
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Figure 28: Human Toxicity (kg 1,4-dichlorobenzene equivalents per tonne of waste) (gas as 
avoided source) 
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Much concern surrounds the fate of ash residues in the environment. Similarly, residues from the power 
station and the cement kiln may be the subject of greater concern as some of the more heterogeneous 
wastes pass through them. In cement kilns, the less volatile heavy metals are concentrated in the clinker 
in a similar manner to incinerator ash residues. This issue is considered separately below. 
 
This approach to assessments of health is, of course, a partial one. It implicitly assumes the plants 
operate as intended, and that the emissions are as assessed at all times. It is well known that these 
assumptions almost certainly do not hold since for most treatments, given the heterogeneity of waste 
inputs, and the seasonal variation in their composition, variability in emissions is considerable. 
Furthermore, there is a continuing ‘blindness’ to the potential risks created by different facilities. Hence, 
in a recent Environment Agency position statement on ‘waste incineration and waste management 
strategies’, the statement is made that:  
 
‘The Agency is not aware of any studies that conclusively link adverse health outcomes to incinerator 
releases’. 
 
Two paragraphs below this statement, the following paragraph appears: 
 
‘the Committee on the Medical Effects of Air Pollutants (COMEAP) report entitled ‘Quantification of 
the Effects of Air Pollution on Health in the UK’, has estimated that 24,000 deaths are brought forward 
annually by all sources of air pollution. Fewer than three of these may be attributed to the pollutants 
from the ten municipal waste incinerators in England and Wales operating in 1999.’  
 
If a ‘death brought forward’ is not an ‘adverse health outcome’, one is entitled to ask, ‘what is?’  
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Figure 29: Human Toxicity (kg 1,4-dichlorobenzene equivalents per tonne of waste), no 
avoided source 
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Figure 30: Human Toxicity (kg 1,4-dichlorobenzene equivalents per tonne of waste), coal as 
avoided source 
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It is not our intention to delve in depth to the issues of health effects and waste management options at 
this point. This is beyond the scope of this study though it is most definitely not beyond the scope of 
considerations which must be taken into account when comparing waste management options. The 
politicization of these health effects in the social sphere has been well captured by Beck in his seminal 
polemic on risk:  
 

what scientists call ‘latent side effects’ and ‘unproven connections’ are for them [citizens] ‘their 
coughing children’ who turn blue in foggy weather and gasp for air, with a rattle in their throat. 
On their side of the fence, ‘side effects’ have voices, faces, eyes and tears. […] 
 
‘But our children’, they say, ‘are not getting sick from the average value’. 
 
The insistence that connections are not established may look good for a scientist and be 
praiseworthy in general. When dealing with risks, the contrary is the case for the victims; they 
multiply the risks. […] Insisting on the purity of the scientific analysis leads to the pollution and 
contamination of air, foodstuffs, water, soil, plants, animals and people. What results then is a 
covert coalition between strict scientific practice and the threats to life encouraged or tolerated 
by it. 

 
The point to be made here is that the issue of health effects of waste management options is one where 
uncertainties abound, and where ‘anecdotal’ evidence of malpractice frequently finds itself confronted 
by a wall of scientific ‘denial’. The ‘re-definition’ by the Environment Agency of the Byker facility as 
something other than an incinerator, thereby allowing it to escape an investigation into the fate of ash 
from incinerators, is one classic case of how a desire not to see the unpalatable can find itself 
rationalised through semiotic ruses. 

1100..22..55..  AAcciiddiiffiiccaattiioonn  
Regarding acidification, the main drivers are the combustion of material, and the avoidance of 
combustion of alternative fuels. Where the assumption regarding energy displacement is anything other 
than coal, the impact analysis shows that the best performers are landfills, the PKA process and the Best 
Practice Incinerator. Co-incineration options also fare well because of the assumed displacement effect. 
The MBT / landfill systems also fare well where it is not assumed that coal is the source used.  
 
Once the assumption is made that energy generation avoids the generation of electricity from coal, the 
whole analysis turns. Under this assumption, the energy recovery options – grate incineration, MBT 
followed by incineration, etc. – all appear much better than under alternative assumptions but still, 
precisely because of the significance of this assumption, they do not appear better than the co-
incineration scenario where BMT is followed by coal-fired power generation.  
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Figure 31: Acidification (kg SO2 equ. per tonne of waste) 
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Figure 32: Acidification (kg SO2 equ. per tonne of waste) 
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Figure 33: Acidification (kg SO2 equ. per tonne of waste) 
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1100..22..66..  EEuuttrroopphhiiccaattiioonn  
The analysis of eutrophication is shown in Figure 34.  

Figure 34: Eutrophication Potential (as measured through two approaches, in kg PO4--- and 
kg NOx equ.) 
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Two impact categories are shown to reveal the difference when a non-zero weighting is applied to 
emissions of nitrogen into the atmosphere. These are only well characterized for the incinerators, but it 
is clear that this affects the analysis. In other words, the choice of impact assessment category may alter 
the results and the ultimate ranking. The same figure is shown for the ‘no displacement’ and ‘coal 
displaced scenarios below. 

Figure 35: Eutrophication Potential (as measured through two approaches, in kg PO4--- and kg 
NOx equ.) 
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Figure 36: Eutrophication Potential (as measured through two approaches, in kg PO4--- and kg 
NOx equ.) 
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1100..22..77..  MMaatteerriiaallss  aanndd  RReessoouurrcceess  
The presentation of impacts in respect of resource use is no less problematic than any of the other impact 
categories assessed in the context of life-cycle analysis. Indeed, there are some curious anomalies in the 
impact assessment categories used in life cycle assessment. For example, use of water is effectively not 
recorded anywhere. Yet some facilities, notably thermal treatment facilities (and power stations), use 
considerable quantities of water during their operation. The lack of analysis of water use is a significant 
omission. Locally, water abstraction may have significant ecological impacts through contributing to 
reduced flows and water levels. Life cycle analysis, however, tends not concern itself with the subtleties 
of location-specific impacts.  
 
Our analysis of emissions has sought to estimate the emissions from the extraction and production of 
inputs to the process, but it does not include their transportation.115 What it definitely does not include is 
any serious attempt to understand the real environmental impact of resource extraction. This is clearly 
related to something far more complex than an estimate of the impact on existing reserves (i.e. the 
impact related to the estimated lifetime of the existing resource).  
 
The figures illustrated below show the analysis as it is typically conducted in a life-cycle assessment. 
Because of the limitations of this, the impact on ‘resource depletion’ tends simply to mirror the energy 
use / displacement associated with the option. Whilst this clearly is of some meaning, it hardly covers 
the full impact of resource extraction. This is an especially important point to note in life-cycle studies 
which seek to include recycling within their scope, since all the local impacts associated with extraction 
which are not related to the flux of pollutants are effectively not captured in the analysis.116  

Figure 37: Resource Depletion (years-1), gas as avoided source 
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115 One of the authors estimated this elsewhere in economic terms for certain resources whose importation is 
avoided through recycling. – see Hogg et al (2000) Beyond the Bin: The Economics of Recycling, Final Report 
from ECOTEC Research & Consulting to  Waste Watch. 
116 For an interesting review of the external costs of oil extraction, see Paul R. Epstein and Jesse Selber (eds.) 
(2002) Oil: A Life Cycle Analysis of its Health and Environmental Impacts, The Center for Health and the Global 
Environment Harvard Medical School, Boston, Mass. 



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 123

 

Figure 38: Resource Depletion (years-1), coal as avoided source 
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It should be noted that this is one of few areas where the impact worsens when one assumes the avoided 
source is gas rather than coal (because of the estimated lifetime of reserves for the two sources). When 
one considers the situation with no avoided source, the graph mirrors energy use rather than net energy 
delivery. 

Figure 39: Resource Depletion (years-1), coal as avoided source 
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1100..33..  TTrreeaattmmeenntt  RReessiidduueess  
One of the most difficult parts of the environmental assessments of residual waste treatments is the 
evaluation of potential impacts from landfilled residues, and on the products and by-products of those 
industrial processes which operate with RDF. Chlorine, sulphur, heavy metals, etc. are likely to be 
concentrated in these products, so influencing the quality of these products with a subsequent impact on 
the environment. Equally, the fate of landfilled residues from treatments ought to be examined. Clearly, 
the better flue gas cleaning systems perform, the more likely it becomes that more toxic materials are 
concentrated in residues. 

Products or by-products are defined as the material output that are applied somewhere in the 
manufacturing industry. In contrast waste is destined to be excluded from material cycles (landfill, 
underground repository). In cement kilns, there is only one output of solid material. The product clinker 
contains all substantial inputs apart from the substances leaving the process in the flue gas.  

Depending on the applied furnace technique the fly ash of a coal fired power plant may be partly used as 
clinker substitute and can also be declared to be a product. Bottom or fly ashes that are recovered by the 
constructing industry can be defined as by-products. Also a typical by-product is gypsum produced by 
scrappers installed in coal power plants.  

In assessing the environmental risks posed by these products and by-products, it is necessary to examine 
the displacement of pollutants to them. In our analysis thus far, the main emphasis has been upon 
pollutants which are emitted to the atmosphere.  

The LCA method quantifies a pollutant when it is released to the environment, but questions arise as to 
what happens when the material is released to the environment. Two fundamental possibilities have to 
be considered when approaching the assessment of products. One is to make estimations about time, 
quantity and characteristic about the releases of the pollutants to the environment which must be 
followed by estimations about the environmental impact caused by these releases. Though more 
satisfactory, the requirements in terms of scientific data and our knowledge of the processes involved are 
extremely demanding.  

The transfer factors of the considered heavy metals from RDF into the products may be disputed but the 
fact is that they will be found somewhere. But none of the following questions can be answered easily at 
present: 

which binding conditions the metals are in the product;  

whether that product is further processed (like the clinker) into cement; 

how the products are applied and furthermore disposed off / recovered after their useful life;  

how they may interact with the environment e.g. by leaching, etc.;  

It is not the intention of this analysis to give a clear answer to the environmental assessment but to give 
some indications as to what is happening. 

The other approach is to look at performance against set standards for the content of the pollutants in the 
products and their use looking at e.g. possible heavy metals leaching from construction material during 
use or after recycling later on, etc. This is a more pragmatic approach, and is likely to cause more 
conflicts. Furthermore, unless the standards are based upon the precautionary principle, the danger 
remains that one states that an impact is acceptable (because the standard is not exceeded) even though it 
clearly has some impact. This then raises equally awkward questions about what such a precautionary 
standard might look like.  
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Below, the impacts of using Trockenstabilat® at co-incineration facilities is assessed. The quality of 
products is compared with an established standard such as the Swiss standard for heavy metals in 
clinker. Firstly, however, we review some ongoing work in respect of the significance of the landfilling 
of ash residues from different thermal treatment processes. 

1100..33..11..  RReessiidduueess  ffrroomm  IInncciinneerraattiioonn  //  TThheerrmmaall  TTrreeaattmmeenntt  
In this sub-section, we pass comment on two studies which have sought to understand this issue 
 
In the first study, an attempt was made to understand the impacts of different thermal treatment facilities 
(conventional incineration technologies and two modern thermal processes, Thermoselect and the VS-
process). The processes which were compared are described in Table 39. 
 
 
The study noted that first of all, in the best performing incineration plants, performance in respect of air 
emissions was similar to that of newer plants. However, the key issues were the inter-related questions 
of: 
 

1. The time horizon for the analysis; and 
2. The fate of landfilled residues. 

 
It should be noted that the study concentrated on landfilling of slags, since it was assumed that filter 
ashes from the incinerator would (in the Swiss case) be taken to sub-surface deposits. The same is not 
true of the UK. 
 
The study pointed out that if only short-term horizons are considered (less than 100 years), the emissions 
from landfills are very small no matter what technology is applied. Consequently, most new 
technologies score worse than the conventional grate incinerator because of their higher energy use.  
 

‘The evaluation of waste incineration technologies largely depends on the assessment of heavy 
metal emissions from landfills and the weighting of the corresponding impacts at different 
points in time. Unfortunately, common LCA methods hardly consider spatial and temporal 
aspects.’ 

Using a geochemical model to model some pollutants, the study concluded: 

‘landfills might release heavy metals over very long time periods ranging from a few thousand 
years in the case of Cd to more than 100‘000 years in the case of Cu. The dissolved 
concentrations in the leachate exceed the quality goals set by the Swiss water protection law 
(GSchV) by a factor of at least 50.’ 

 
In the study, new integrated technologies (Thermoselect, VS-Process) have very similar results. If the 
metal outputs can be recycled, they perform better than the conventional grate incinerator. However, if 
the metal residues are landfilled, they even score worse than conventional technologies with the method 
Eco-indicator 95. The reason is that the new technologies transfer more metals to the filter ash (instead 
of slag) and it was assumed that more metals would be leached from filter ash landfills than from slag 
landfills (the new technologies only vitrify slag so that only the transfer coefficients for slag were 
lowered by 90% of their initial value). 
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Table 39: Processes Compared in Hellweg Report 
Technology  Energy 

production 
Internal energy 
use 

Use of 
ancillary 
products 

Quality and 
composition of 
solid outputs a) 

Potential 
recycling 
materials 

Grate 
incinerator 
without proper 
gas purification 
(electric 
precipitator 
only) 

Heat: 26% of 
lower heating 
value b) (3.2 MJ 
/ kg waste) 
Electricity: 10% 
of lower heating 
value (1.2 MJ / 
kg waste) [1] 

Heat: 0.08 MJ / 
kg waste 
Electricity: 0.12 
MJ / kg waste 
[1] 

-  Heterogeneous 
slag with 45% of 
volume ash, 40% 
melted ma-trial, 
5% fractional 
glass, 5% metals, 1 
- 3% (each) 
organic material, 
ceramics, and 
stones. 

Iron from slag 

Grate 
incinerator with 
proper gas 
purification 
system (wet flue 
gas cleaning, 
wastewater 
treatment, 
nitrogen 
reduction) 

Heat: 37% of 
lower heating 
value (4.5 MJ / 
kg waste) 
Electricity: 18% 
of lower heating 
value (2.2 MJ / 
kg waste) 

Heat: 0.24 MJ / 
kg waste 
Electricity: 0.36 
MJ / kg waste 
[1] 

NaOH, CaO, 
HCl, 
chemicals 
(organic and 
in-organic), 
NH3 [1] 

Heterogeneous 
slag with 45% of 
volume ash, 40% 
melted ma-trial, 
5% fractional 
glass, 5% metals, 1 
- 3% (each) 
organic material, 
ceramics, and 
stones. 

Iron from slag, 
HCl, NaCl 

VS-Process with 
proper gas 
purification 
system (wet flue 
gas cleaning, 
wastewater 
treatment, 
nitrogen 
reduction)  

Heat: 37% of 
lower heating 
value (4.5 MJ / 
kg waste) 
Electricity: 18% 
of lower heating 
value (2.2 MJ / 
kg waste) 

Heat: 0.24 MJ / 
kg waste 
Electricity: 0.36 
MJ / kg waste 
[1] 

NaOH, CaO, 
HCl, 
chemicals 
(organic and 
in-organic), 
NH3 [1] 

More 
homogeneous than 
conventional slag 
but still hetero-
generous, < 90% 
of volume glassy 
matrix [23], no 
organic 
compounds, low 
heavy metal 
content except Cu  

Iron from slag, 
HCl, NaCl 

Thermoselect-
Process with 
proper gas 
purification 
system (wet flue 
gas cleaning and 
wastewater 
treatment) 

Synthetic gas: 
65% of lower 
heating value of 
waste and gas 
(9.1 MJ / kg), 
electricity from 
this synthetic 
gas: 32% of 
energetic 
content (2.7 MJ 
/ kg after 
subtracting 
internal use) 

Gas: 1.9 MJ / kg 
waste (plus 0.6 
MJ / kg as 
synthetic gas) 
Electricity: 0.5 
MJ / kg waste 

Oxygen, 
NaOH, HCl, 
chemicals 
(organic and 
inorganic) 

> 95 % of volume 
glass phase, 
relatively 
homogeneous, no 
organic 
compounds 

Iron, Pb and Zn, 
S, HCl, and 
NaCl; mineral 
output (building 
industry) 

 
Interestingly (only partly because the study was comparing energy recovery techniques) the overall 
ranking of the technologies did not change as a function of the reference system for energy 
production. The study concluded:  
 

‘The most promising improvement potentials and the largest differences among the technologies 
are currently the emissions to water from landfills (slag and other incineration residues).’ 
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The second study used an approach based upon subjective weightings of particular impacts of waste 
treatments on human health and the environment (related to Austrian legislation) and sought to rank 
different technologies using these weightings. Systems modelled included: 
 

1. P0 Austrian status quo 
2. M1 Maximum landfilling of untreated waste 
3. M2a Maximum incineration without any after treatment 
4. M2b Maximum incineration with cement stabilization of the residual material 
5. M2c Maximum high temperature process 
6. M3a Maximum mechanical-biological treatment with the light fraction from sorting and 

splitting processed in a fluidized-bed furnace 
7. M3b Maximum mechanical-biological treatment with the light fraction from sorting and 

splitting processed in a rotary kiln for use in the cement industry 
8. M3c Maximum mechanical-biological treatment with the high caloric heavy fraction after 

decomposition processed in a fluidized-bed furnace 
9. M3d Maximum mechanical-biological treatment with the high caloric heavy fraction after 

decomposition processed in a rotary kiln for use in the cement industry 
 
In this analysis, the thermal treatment options performed best, with M2b the leading performer. 
However, emissions from landfilled MBT residues of greenhouse gases were relatively high when 
compared with our analysis, and indeed, as compared with the studies of Binner amongst others. 117 M3c 
and M3d also performed well. 
 
Perhaps the interesting aspect of the analysis (as compared with the previously discussed study) was that 
the ranking f thermal treatment options changed under an analysis which sought to understand some 
effects which cost-benefit analyses could not quantify. Hence, the high-temperature treatment was 
shown to perform better where these were taken into consideration.  
 
In the conclusions to a summary of the study, the authors state: 
 

‘The closer landfilled good within a scenario come to final storage quality the better the 
scenario performs in a total economic assessment. This is due to the lower landfill emissions of 
these goods during the mid- and long-term periods. Therefore a reduction in the reactivity of 
landfill material corresponds directly with a reduction of total economic costs. Therefore, 
thermal treatment options, such as incineration and high-temperature treatment, are rated 
better than mechanical-biological treatment options’ 

 
The first point is well made, and seems to be the fundamental point being made. However, the 
comparison across thermal treatment and MBT options deserves closer investigation owing to: 
 

1. The range of air pollutants generated in incineration options; 
2. The fact that differing levels of stability can be attained through MBT processes; and 
3. The fact that concentrations – not absolute quantities - of materials leaching from landfills may 

be the key determinant of any subsequent impact. If the rates of emission are low, these may be 
of lesser concern. Clearly, if they are not, the question of when these emissions occur, and how 
any associated impacts should be accounted for in the analysis (should we discount the future?) 
deserves considerable attention. 

 
It should be noted in respect of this last point that the first study mentioned made some attempt to come 
to grips with the discounting issue, whilst the second applied a zero discount rate. Evidently, as soon as 
the discount rate becomes non-zero, the longer-term impacts become unimportant unless they clearly 
have major impacts on health and / or the environment. Perhaps this is the key issue. Notwithstanding 
                                                      
117 Erwin Binner (2002) The Impact of Mechanical-Biological Pre-treatment on Landfill Behaviour, Paper 
Presented to the European Commission Biowaste Workshop, May 2002. 
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the modelling efforts undertaken thus far, our understanding of what these impacts might be is still a 
long way from being certain. It does not, therefore, seem adequate to adopt the view that ‘a non-zero 
rate of discount makes anything which happens some way into the future more or less irrelevant in the 
analysis’. It seems far more realistic to embrace the uncertainties which exist, and to approach the issue 
of impacts which arise at some (unspecified) time in the future with some caution. Certainly, the 
landfilling of residues which have the potential to cause harm – whatever their source – would appear to 
be an activity akin to a blind-folded person throwing a boomerang into the distance – not sure exactly 
how the boomerang will come back, or when, and whether it will knock out its owner.  

1100..33..22..  CCeemmeenntt  KKiillnn  
The co-incineration of different secondary fuels in cement kilns will have a large impact on the quality 
of the cement clinker produced as shown in Table 40. In the first column, the toxic load of the cement 
clinker is shown where no secondary fuel is used. The co-incineration process is calculated for a co-
combustion ratio of 50 %. When compared with product specifications for cement as specified by the 
Swiss BUWAL, the loads are not exceeded. Also regarding the guide values for Portland cement with a 
clinker ratio of 95 to 100%, the chlorine concentration is about 40% lower than tolerated limit of 1,000 
mg Cl /kg. There is no excedence for the mercury limit (0.5 mg Hg/kg). 

Though there is no excedence of limit values, there is clearly an increase in concentration for chlorine, 
lead, copper and zinc. This raises the point made above about the degree to which current standards are 
sufficiently precautionary (which is not a question we seek to answer here). 

Table 40: Calculated toxic load in cement clinker; co-incineration ratio: 50% 

Element Unit Without RDF Trockenstabilat® Buwal1 

Cl mg/kg 134 606  

As mg/kg 13 12.9 40 

Pb mg/kg 16.2 43.7 100 

Cd mg/kg 0.3 0.54 1.5 

Cr mg/kg 34.6 39.3 150 

Cu mg/kg 17.9 41.4 100 

Ni mg/kg 27.3 29 100 

Hg mg/kg 0.12 0.14  

Zn mg/kg 59.6 108 350 
1 Swiss product specifications for clinker 
Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 

Among the potentially harmful ingredients in cement, chromium is renowned to be a very critical one. 
Table 41 shows the extent to which chromium can be leached from cement. It is obvious that depending 
on the type of cement and the test conditions for leaching a large amount of the chromium is available.  
For example, type CEM I shows very high mobility of chromium (up to 100%) when the acidity of the 
solvent is around pH 7. 

This indicates that for certain elements, even when in cement, the potential for causing environmental 
damage exists. 
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Table 41: Availability of chromium in cement under various conditions (Abfallbericht 2001) 

Cement 
Type a) 

Cr 
content 

Availability  
NEN 7341 b) 

Availability pH-stat Availability 
at pH 12.5 

  [mg/kg] [mg/kg] % c) [mg/kg] % c) pH [mg/kg] % c) 

SPCEM 89 1.98 2.2 2.5 2.8 4 0.18 0.2 

SPCEM 67 0.68 1 2.69 4 10 0.72 1.1 

CEM I 181 131 72.4 142 78.5 6 34 18.8 

CEM I 31 20 64.5 31 100 7 5 16.1 

CEM I 47 3.8 67.7 25.8 54.9 8 7.3 15.5 

CEM I 27 10.9 40.5 10.7 39.6 10 2.26 8.4 

CEM I 21 1.1 5.2 1.41 6.7 10 0.6 2.9 

CEM IIB 18 1.81 10.1 2.12 11.8 8 0.6 3.7 

CEM IIB 29 10.1 34.8 7.52 25.9 9 3.3 11.4 

CEM IIB 14 2.04 14.6 2.07 14.8 10 0.49 3.5 

CEM IIIB 22 0.52 2.4 1.3 5.9 10 1.32 6 

CEM VA 25 15.9 63.6 15.75 63 10 3.05 12.2 
Notes:  
a) The different cement types represent different product specifications, mostly according to clinker content 

and rate and type of additives 
b) NEN 7341 is a standardised elution test with pure water, the pH-stat test is using constant acidity with 

buffered solvents, 
c) The percentage shows the rate of eluted chromium during the test 

Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 

1100..33..33..  HHaarrdd  CCooaall--ffiirreedd  PPoowweerr  PPllaanntt  
The effects on the outputs of a hard coal fired power plant relate to those from fly ashes, gypsum from 
flue gas cleaning, and slag. The relations of the effects of the output streams correlate, detailed 
concentrations are listed in the relevant tables. The calculations are based on a ratio of 5% secondary 
fuels. 

Fly Ash of a coal fired power plant 
Fly ashes from power plants are in use as aggregates in the cement industry. Only if the toxic load of the 
ashes is in an accepted range its possible to use them further on – in other cases they must be landfilled. 
Generally applied specifications cannot be quoted. 
 
The effects on the fly ash are comparable to the effects on the cement clinker (Table 42). The change in 
concentration is smaller than in the case of cement clinker (as expected). Only lead, cadmium, copper 
and zinc show appreciable changes in concentration, whilst the increase in mercury concentrations is 
greater than for cement kilns (where more of the mercury escapes to the atmosphere).  
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Table 42: Calculated toxic load in fly ash of a hard coal fired power plant; co-incineration 
ratio: 5% 

Element Unit Without RDF Trockenstabilat® 

Cl mg/kg 2,000 2,570 

F mg/kg 269 264 

S mg/kg 36,500 36,700 

As mg/kg 64.1 64.1 

Pb mg/kg 530 820 

Cd mg/kg 3.69 6.53 

Cr mg/kg 353 424 

Cu mg/kg 299 547 

Ni mg/kg 329 355 

Hg mg/kg 3.45 4.38 

Zn mg/kg 578 1,090 
* no concentration in secondary fuel specified 
Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 
 
Figure 40 shows the changes of the toxic load by co-incinerating Trockenstabilat® and another MBT-
output (Nehlsen). Although the rate of co-combustion is only 5% the load of cadmium, copper and zinc 
in the total flue ash will be nearly doubled.   
 

Figure 40: Changes in the toxic load of fly ash from a hard coal fired power plant by co-
incineration of MBT-output; co-incineration ratio: 5% 

 
Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 
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Gypsum and slag from coal-power station 
These materials are commonly used in construction industries. Gypsum from scrubbing systems replaces 
natural gypsum, and slag is used for road building instead of gravels. The effects on these by-products 
(Table 43 and Table 44) are also comparable to the effects on the fly ash. Only lead, cadmium, copper 
and zinc show appreciable changes in concentration, whilst the increase in mercury concentrations is 
greater than for cement kilns (where more of the mercury escapes to the atmosphere). 

Table 43: Gypsum from flue gas cleaning of a hard coal fired power plant 

Element Unit Without RDF Trockenstabilat® 

As mg/kg 1.48 1.47 

Pb mg/kg 4.90 7.54 

Cd mg/kg 1.23 2.16 

Cr mg/kg 4.08 4.87 

Cu mg/kg 5.19 9.43 

Ni mg/kg 1.90 2.04 

Hg mg/kg 3.85 4.86 

Zn mg/kg 5.34 10 
* no concentration in secondary fuel specified 
Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 
 

Table 44: Slag of a hard coal fired power plant 

Element Unit Without RDF Trockenstabilat® 

As mg/kg 4.46 4.46 

Pb mg/kg 188 291 

Cd mg/kg 0.57 1.01 

Cr mg/kg 230 276 

Cu mg/kg 227 415 

Ni mg/kg 245 264 

Zn mg/kg 205 386 
* no concentration in secondary fuel specified 
Source: WRc,ifeu, ECOTEC and Eunomia (2002, forthcoming) Refuse Derived Fuel, Current Practice and 
Perspectives, Final Report to the European Commission 
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1111..00  NNOONN--TTEECCHHNNIICCAALL  IISSSSUUEESS  AAFFFFEECCTTIINNGG  
AASSSSEESSSSMMEENNTT  OOFF  RREESSIIDDUUAALL  WWAASSTTEE  
TTRREEAATTMMEENNTTSS  ––  SSTTRRAATTEEGGIICC  CCOONNSSIIDDEERRAATTIIOONNSS  

If a given local authority is seeking to implement a sustainable waste management strategy, then 
irrespective of exactly what treatment it ultimately chooses to use to deal with residual waste, the 
question which needs to be asked is how what goes on in other parts of the waste management system 
affects the decisions regarding residual waste.  

A local authority which is ambitious in developing its capacity in terms of minimisation strategies, and 
recycling and composting, is not going to resort to use of a facility which is designed to deal with 80% 
of its waste for the future, unless: 

a) that facility is a landfill (since the inputs to landfill can be varied) any contract (if there is one) allows 
for the reduction in landfilled waste over time; or 

b) the facility is such that it is expecting / taking a risk to make up any decline in waste delivered over 
time through alternative waste streams (or wastes from elsewhere). 

Similarly, a local authority currently recycling / composting 30% of its waste, but which wishes to 
recycle compost 60% of its waste, would be somewhat foolish to look at a piece of capital equipment for 
treating a quantity of residual waste equivalent to 60% of its waste stream.  

Three factors are critical in determining the choice of facility (and it can be argued that these are rather 
more important than the technical environmental considerations); 

a) the aspirations of the local authority and the period over which it expects these aspirations to be 
met; 

b) the potential for legislative change to require alterations to ‘existing ways of doing things’; and 

c) the degree to which the facility concerned ‘demands’ a constant throughput. This is both a 
technical and an economic consideration. 

1111..11..  LLooccaall  AAuutthhoorriittyy  AAssppiirraattiioonnss  
The local authority’s aspirations can be reflected through considering ‘time-dependent trajectories’ for 
dealing with materials. We might consider four possibilities here: 

1. Radical / zero waste 

2. High rate source separation 

3. Low rate source separation. 

1111..11..11..  RRaaddiiccaall  //  zzeerroo  wwaassttee  
It is typical for Zero Waste authorities to establish a date by which the Zero Waste objective is to be 
achieved. Suppose one accepts that a local authority can get to Zero waste by 2020. In this situation, 
waste is progressively minimised, re-used and recycled / composted, whilst production processes are re-
configured to minimise wastage and maximise potential for re-use, recycling and composting.  
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It seems likely that this would result in a trajectory where easy gains are made first, with progress being 
achieved slightly more stochastically in the wake of these initial gains. 

For an authority embarking on this trajectory, then the sort of residual waste treatment required is NOT 
one which demands constant throughputs. In a sense, an incinerator is out of the question. Some might 
argue that it might not be if there are other wastes compensating for the reduction in throughput from the 
municipality itself. This is possible, though from the perspective of the contractor, it is likely to be more 
risky (and therefore, more costly).  

Under this type of trajectory, flexibility is at a premium. This means that facilities which can: 

Be switched from treatment of residual waste to treatment of source-separated materials; and 

Can have their throughput progressively reduced over time with minimal consequences in terms 
of cost and environmental performance 

are likely to be at a premium. The most likely options, therefore, are: 

Untreated landfill, though the environmental consequences of this may rule it out as an option; 

Mechanical biological treatment of residual waste with separation of metals and the stabilised 
residual being sent for landfilling / one-off landscaping (as legislation allows); 

Mechanical biological treatment of residual waste with recovery of energetic fractions for 
delivery to ‘non-dedicated’ facilities (such as power plants and cement kilns). Some may have 
been inclined to balk at the environmental consequences of this, but our analysis suggests that 
where the facility is subject to environmental regulation, and to the extent that viability of the 
plant in its own right is assured, this is an option which does not compare unfavourably with 
other options. Issues of capacity clearly exist at such plants and this would require further 
examination; or 

In exceptional circumstances, mechanical biological treatment of residual waste with delivery of 
material to dedicated, small-scale recovery facilities (typically, gasification, pyrolysis, or 
fluidised bed facilities, though the first two carry some technology risk if they are chosen) (note, 
the MBT system employs relative low unit capital cost equipment to reduce the mass of material 
delivered for thermal treatment by approximately half). 

Properly configured, MBT systems could be switched from treating residual waste to treatment of 
source separated biowastes, although it goes without saying that the capture of this fraction should be a 
principal and early objective of ANY (i.e. not just Zero waste) collection strategy. The capital intensity 
of fixed throughput facilities implies either that these have to be minimised in scale. Furthermore, the 
fact that the pursuit of Zero waste necessarily implies a slightly uncertain journey (in the sense of the 
accuracy with which one can plot the route to the destination) means that fixed capital could be made 
redundant earlier rather than later. This would imply higher unit costs for treatment since the required 
revenues to generate the sorts of internal rate of return required by operators would be magnified. 
Another issue which this raises (as well as cost) is the degree to which any facilities can be ‘switched on 
and off’. 

The figure below plots a possible path. In the short-term, the local authority moves quickly to high rates 
of source separation. In this first phase, by the year 200x to 200y, the residual waste has fallen to 
between A% and B%. Gains after this are made more slowly. The choice of technology to treat the 
residual will reflect local conditions (e.g. landfill void, presence of co-incineration possibilities) and 
local environmental concerns.  
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Figure 41: Trajectories for Waste Management Under a Zero Waste Strategy 

 

It should be stated that some interpretations of Zero waste demand that no incineration / thermal 
treatment of mixed waste should occur. In such cases, the choice of approach becomes somewhat more 
trivial as the options are restricted. Landfilling, either with (clearly more preferable) or without pre-
treatment are really the only options, though different design variants exist within this choice.  

1111..11..22..  HHiigghh  RRaattee  SSoouurrccee  SSeeppaarraattiioonn  
In this scenario, the aim/achievement is not Zero waste, but a high percentage of waste recycled / 
composted etc. In the scenarios depicted, something between C% and D% of waste remains as residual 
waste even in the year 2020. For this reason, there is no obvious reason why this fraction should not be 
sent to a constant throughput facility. However, the issue of scale becomes important. If this is a small 
fraction (20% or so) of total waste, then only if the municipality / municipalities are charged with 
dealing with half a million tonnes or so of waste will it make sense to use a mass-burn grate incinerator 
(since otherwise, the small scale would make such a facility quite expensive). This highlights one of the 
perverse arguments banded around in waste management circles – ‘build a big incinerator because of the 
economies of scale’. Whilst true at one level, the obvious point is that one doesn’t really want to play up 
too much the ‘economies of scale’ which exist for treatments which treat residual waste – most would 
prefer to see less residual waste, so playing up economies of scale can look rather like trying to plan for 
an unsuccessful recycling campaign. If one wants to deal with materials through high in hierarchy 
options, economies of scale on the residual treatment side are the last thing which should motivate 
decisions. 

More modular facilities are likely to be more attractive. Hence, likely options are: 

MBT to stabilise material prior to landfilling; 

MBT to treat materials prior to application in landscaping ,  

MBT used to prepare RDF for combustion in small scale facilities OR in co-incineration 
facilities such as cement kilns, power stations etc. 

Pyrolysis or Gasification (usually with some form of pre-treatment) 

200y 

Residual 
Waste 

2020 200x 

A% 

B% 
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Figure 42: Trajectories for Waste Management Under a Zero Waste Strategy 

 

 

1111..11..33..  LLoowweerr  RRaatteess  ooff  SSoouurrccee  SSeeppaarraattiioonn  
It might as well be stated bluntly that local authorities who set their sites on relatively low rates of 
source separation for the long term (and by European comparisons over the longer term, ‘low’ means 
something of the order 30%) are taking a risk. They are at risk of exposure to changes in European (and 
national) legislation regarding recycling / composting rates / source separation. Furthermore, the UK is 
‘at risk’ if many local authorities fail to achieve higher rates of source separation. For example, a revised 
Packaging Directive would require rates of capture of certain materials. For glass packaging, recycling 
rates of the order 55% from the municipal stream would be required to meet the Directive’s proposed 
material-specific recycling rates, and achieving these material-specific rates would be insufficient to 
meet the overall recycling rate required. A local authority which sets its sites on a recycling rate of 30% 
in twenty years’ time is essentially ‘in denial’.  

The fact that UK policy has been so slow to send a clearer signal to local authorities is somewhat 
lamentable. The apparent unwillingness of Treasury to support significant changes in waste management 
policy, not to mention, endorsing various incentives for energy production from waste with no 
equivalent incentive for energy savings for waste recycling, is also a key factor in creating a dangerous 
situation in which investments may be made in facilities which quickly become obsolete. 

For local authorities who aim for low recycling rates, there will be less concern for progressive 
reduction in residual waste. This is the approach all too frequently adopted in the UK at present in which 
materials are ‘partitioned’ in one ‘integrated contract’ at the start of a lengthy contract period. 
Collection, recycling, composting and residual waste treatment are ‘planned’ for a twenty year period or 
more on the basis of pessimistic assumptions about what might be achievable, not only today, but also 
over the lifetime of such contracts.  

In such contracts, the desirability of flexibility in the face of enormous uncertainty over the next twenty 
years is downplayed. Such an approach does make it extraordinarily easy to come out with ‘a solution’. 
But whether a waste management strategy in which materials management is ossified for the next 

200y 

Residual 
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2020 200x 

C% 

D% 

A% 
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twenty years can really be considered a solution, still less a ‘strategy’, is doubtful given that the 
materials requiring management will be subject to considerable change over that period. The contrast 
with the above-mentioned strategies is quite stark.  

Technologies one tends to see in place for treating residual waste in this context are incinerators – lower 
recycling rates enable ‘the benefits of scale economies’ in residual waste management to be realised - 
and, increasingly, pyrolysis / gasification. Dry stabilisation combined with energy recovery is also 
becoming more prominent. 

1111..22..  SSuummmmaarryy  
To sum up, the crucial issue in looking to develop a ‘strategic’ waste strategy based upon high rates of 
materials recycling and composting is to ensure that the choice of management techniques is flexible. 
This means that the system can respond to changing opportunities for materials minimisation, recycling 
and re-use with the minimum of regret and maximum vigour.  

The present mode of thinking in waste strategy development is not strategic. It is based upon attempts to 
‘justify’ what is best from an environmental perspective using partial models which are plagued with 
considerable uncertainties, and subject to distortion through the selection of one or other key 
assumptions to support a particular proposal. It is akin to an apprentice’s attempt at sophistry.  

Given: 

a) the difficulties faced in determining, unequivocally, the superiority of one or other management 
option; and 

b) the imperative of maintaining a strategic fit between the management of residual wastes and the 
ongoing pursuit of waste prevention, and materials re-use and recycling in the face of changing 
opportunities for achieving this,   

the most important strategic issue for municipal waste management as far as residual waste is concerned 
is the quest for sufficient flexibility to allow continuous improvement in upstream, high-in-hierarchy 
options. Concepts such as BPEO, understand in its narrow definition, are not so obviously helpful in this 
regard, though the environmental performance of residual waste options should be kept clearly in view 
(and more so than is currently the case).  

The notion of Best Value, on the other hand, ought to give centre stage to this issue. After all, can we 
seriously expect local authorities to challenge themselves on a continuous basis to improve their 
performance in respect of minimisation and source separation if the majority of their waste is dealt with 
through a constant throughput facility? Best Value provides some basis for shifting away from a 
situation where the tail of disposal wags the collection dog, and towards one where life is breathed back 
into the collection strategy. The truth is that the two must be considered together, with the emphasis on 
continuing progress in materials recycling and composting informing considerations as to how to plan 
for residual waste management in ways which do not close off superior management options, but which 
ensure proper treatment of residual waste in line with environmental demands. 
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1122..00  SSUUMMMMAARRYY  AANNDD  CCOONNCCLLUUSSIIOONNSS  
1122..11..  PPrreevviioouuss  SSttuuddiieess  
Research into combination processes (mechanical-biological treatment plus various options for energy 
recovery) was carried out on behalf of the BMBF.118 This revealed that, according to the effect 
investigated, the ecological impacts of the mechanical-biological treatment (MBT) can be of relevance 
to the results for the overall result of a scenario.  Combinations of cases were investigated which are 
reproduced in Table 45.   

Table 45:  Investigated case combinations in the BMBF project (SF = secondary fuel). 

 Case A Case B Case C 
MBT - Average standard 

waste air purification 
- Optimized waste air 
purification 

 

Incineration plant / 
grate firing, water 
cooled 

- Average standard 
waste air purification 
 
 
 
 
- Energy use by 
conversion into 
electricity 
(ηnet = 20%) 

- Higher standard 
waste air 
purification, example 
plant Bielefeld 
incineration plant 
 
- Energy use by 
conversion into 
electricity 
(ηnet = 8%) 
and district heating – 
filtering 
(ηnet = 27%) 
example plant 
Bielefeld incineration 
plant 

- Average standard 
waste air purification 
 
 
 
 
- Energy use by 
conversion into 
electricity 
(ηnet = 20%) 

Power station 
(fluidized bed 
method) 
 

- Average standard waste air purification 
- Acceptance of an additional loading of the  
emissions with the use of SF in comparison  
with pure coal firing 

 - Energy use by 
conversion into 
electricity 
(ηnet = 33%) 

- Energy use by conversion 
into electricity 
(ηnet = 15%) and district  
heating (ηnet = 30%) 

Cement works - Average standard 
waste air purification 

- Optimized waste air  
purification 

 - Acceptance of an 
additional loading of 
the emissions with 
the use of SF in 
comparison to pure 
coal firing 

- No additional loading of the  
emissions with the use of  
SF on the grounds of  
optimized waste air  
purification 

 
The study concluded: 

                                                      
118 IBA GmbH, Hannover, BZL GmbH, Oyten, CUTEC GmbH, Clausthal-Zellerfeld (1998) Moglichkeiten der 
Kombination von mechanisch-biologischer und thermischer Behandlung von Restabfallen, F + E Vorhaben 
Nr.1471 114 im Auftrag des BMBF/UBA. 
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‘From the energy and ecological evaluation, no clear recommendations for certain systems and 
combinations of systems can be derived from the general comparison of processes.  This is 
reserved for the consideration of individual cases.  The fuel efficiency and the emissions 
standards of the actual plants are of decisive importance.  According to the results of the study, 
it becomes clear that the question which is often asked within the framework of systems 
comparisons, “Which is better - incineration plants or mechanical-biological waste treatment 
plants?” cannot be given a sweeping answer, but the question must rather be [26]:  
 
“Which technical standard must alternative concepts (or the technical components of 
alternative concepts) show in order to be better than, or at least as good as, incineration?” 
 
All in all, the investigation which has been presented makes it clear that combination solutions 
(MBT, landfill, incineration) can achieve ecologically equivalent results in comparison with 
mono-solutions (incineration), if the environmental protection standards of MBT, landfilling 
and industrial coincineration are improved.’ 

 
The study noted, as this one already has, the critical role of assumptions regarding ‘displaced burdens 
from energy use’. It commented: 
 

‘The results with regard to the greenhouse potential are heavily dependent on the energy use 
and the type of energy supply.  With the greenhouse effect, dry stabilization [BMT] processes 
show advantages in comparison to long-term composting, since larger proportions of the 
incineration are supplied, and in this way a clearly larger proportion of the energy content of 
the residual waste is used.  The standard of the plant also has a noticeable effect in this area.’ 

 
Similar comments were made in respect of other ‘global’ impact categories (i.e. those including 
‘displacement effects’), although a difference between our study and the German study appears to be an 
assumption that the displaced energy source is cleaner in our base case. 
 
The study for the Austrian Umweltbundesamt, focusing on comparison of MBT systems with mono-
incineration options, made similar statements.119 Indeed, the study commented that a clear decision as to 
‘what is best’ was not the intention of the study, but the aim was more to see what standards should be 
set for MBT to ensure performance that was broadly equivalent to incineration solutions. Again, the 
issue of energy recovery was given greater weight through the displacement analysis than in our study, 
and indeed, this served, in some senses, to justify Austrian legislation regarding a ban on landfilling of 
waste with a calorific value greater than 6MJ/kg. 
 
Hellweg’s work focused on incineration and thermal treatment only.120 The best practice incinerator 
performed favourably with the advanced thermal treatment systems where air emissions were 
concerned, leading the study to focus more on ash residues. According to the study, these became major 
drivers in the final analysis of environmental impacts. Even so, despite this ‘decisive’ role, the questions 
concerning whether it is appropriate to treat emissions occurring some years hence as equivalent to those 
occurring in the near term is open to debate, and indeed, this is an issue which looms large over the 
application of life-cycle approaches precisely because the approach lacks sensitivity to the issue of time. 
Hellweg examined the fate of two pollutants, copper and cadmium, once landfilled, and applied discount 
rates which were zero, marginally positive, and marginally negative to the overall flows. Unsurprisingly, 
given the time horizons considered, anything other than a marginal positive rate makes the long-term 
impacts negligible.  
 

                                                      
119 U. Lahl, B. Zeschmarr-Lahl and T. Angerer (2000) Entwicklungspotentiale der Mechanisch-biologischen 
Abfallbehandlung: Eine Okologische Analyse, Umweltbundesamt: Wien 
120 S. Hellweg (2000) Time- and Site-Dependent Life-Cycle Assessment of Thermal Waste Treatment Processes, 
Dissertation submitted to the Swiss Federal Institute Of Technology. 
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AWS et al looked applied a new approach, modified cost-effectiveness analysis, to rank different 
options.121 This implied a degree of subjectivity in the assessment of different aspects of environmental 
performance in accordance with the views of experts. Generally, the approach suggests that the closer 
landfilled goods come to final storage quality, the better the performance. As in Hellweg’s study, 
medium- and long-term impacts become quite important in the analysis. The study argues, therefore, 
that thermal treatment options should be ranked above MBT options. This is dependent, in part, upon the 
modelling of landfill emissions and the assumed TOC values in the landfilled MBT material. It also 
raises the same issues of discounting as Hellweg’s paper sought to address. 
 
In summary, no study can claim to have arrived at definitive conclusions concerning the relative 
performance of residual waste options in the round. Our view is that this is as it should be given the 
outstanding questions of methodology and the subjectivity of some key assumptions which are used 
(either concerning displaced energy sources, or how to treat (discount) long-term impacts from 
landfilling). Essentially, the more one is inclined to a view that long-term impacts matter, and the less 
one is inclined to apply positive discount rates to these effects, the less likely it seems that the 
assumption concerning avoided sources of energy will play a role. This assumption becomes more 
important as the impacts of landfilling are made less significant (by not including them, or by 
discounting them).  
 
Yet the non-discounting of long-term impacts is somewhat problematic. It raises interesting questions 
about the desirability, or otherwise, of concentrating pollutants in depositories for their subsequent 
landfilling in what waste professionals have optimistically assumed will be secure storage facilities. The 
trade off between emissions to air in the short-term against long-term deposits in landfills is likely to 
become much more significant where the emissions from the latter over thousands of years are 
discounted, raising all sorts of questions as to whether such concentration is indeed desirable, and 
whether it might not be better to opt for a ‘maximum dispersal’ policy. Yet this returns us to the issue of 
methodology. How should we really analyse these treatments and impacts? What seems certain is that 
rather more is still left unknown, and uncertain than is often claimed. In this context, statements of 
certitude about the superiority of one or other option from an increasingly wide range of treatments 
should be treated with some degree of scorn, the more so if such claims are based upon a one-
dimensional understanding of the problem. 

1122..22..  CCoonncclluussiioonnss  ffrroomm  tthhiiss  SSttuuddyy  
The study has concentrated on life-cycle approaches o the assessment of options. This approach has 
significant shortcomings in terms of its methodological outlook since many environmental impacts are 
not addressed, those that are assessed through aggregation methods which are questionable (the only 
possible exceptions are the global categories such as global warming and ozone depletion) and the issue 
of the time dimension remains a problematic issue for the approach (and others).  
 
So, the first point to be made is that we have only used one assessment approach, and it has its 
own shortcomings. Taken in isolation, it is not adequate for assessing the environmental aspects of 
the options, let alone, for making decisions as to the overall superiority of one or other option. It 
falls into the category of the ‘one dimensional’ studies mentioned above. Statements of certitude 
should not be expected to arise, therefore. 
 
The study has tried to adopt a comprehensive view. However, like most such analyses, the degree to 
which it can claim to have done this is contingent upon the quality of the underlying datasets (their 
coverage and their vintage). Furthermore, the issue of the fate of landfilled wastes has not been 

                                                      
121 AWS, IFIP & GUA (2000): Bewertung abfallwirtschaftlicher Maßnahmen mit dem Ziel der nachsorgefreien 
Deponie – BEWEND. Unpublished case study Institute for Water Quality and Waste Management TU Vienna, 
Institute for Public Finance and Infrastructure Policy TU Vienna & Gesellschaft für umfassende Analysen GmbH, 
Vienna, Austria. 
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adequately addressed – we have looked at this through a literature review and our own model is being 
adapted to deal with this issue.  
 
The second point to be made is that the analysis is not entirely complete because of the lack of a 
well-elaborated model dealing with the ultimate fate of landfilled materials. Nor are the capital 
elements modelled, and depending upon how one treats the issue of time, where facilities with 
extended lives are constructed, then if one felt that a form of discounting was appropriate, these 
may be far more significant than if one assumes that no such discounting should occur.122 Lastly, 
we have not modelled all possible configurations for the treatment of residual waste. For example, 
no MBT facility in our analysis makes use of digestion technologies for dealing with the 
biodegradable element. 
 
The approach we have taken explicitly reveals the dependence of the analysis, such as it stands, upon 
key assumptions such as that of whether one assumes an energy source is being ‘displaced’ when it is 
generated by a waste facility, and if so, which source it is. The results currently produced using models 
such as WISARD tend to resort to a default in which it is always coal which is being displaced. This is 
questionable given the dynamics of the energy market and the current policy in respect of ongoing 
changes to the energy mix. This assumption becomes especially important in models such as ours where 
the long term impacts of landfilling of waste are effectively excluded. Other studies make clear that 
where the significance of these are heightened, the significance of the assumption in respect of avoided 
energy becomes less significant since these long-term impacts become more important in the analysis. 
This in turn raises questions concerning the methodological approach as it affects long-term impacts. 
 
The third point, therefore, is that in general, the underlying assumptions, and the boundaries of 
the analysis, affect the results. In our work, the assumption about which energy source is assumed 
to be ‘avoided’ through generation of energy from waste is important. This, in turn, is a 
consequence of the perfunctory treatment of the fate of landfilled residuals. If the latter were 
included, and if the emissions were not in some way ‘discounted’, recent research suggests this 
aspect would become critical in determining overall performance (almost certainly making, 
incidentally, recycling appear rather more beneficial than it already does). 
 
This study confirms that, like other studies, there is no ‘risk free’ waste management option. The key 
issue here is that where waste treatment technologies are operated to high standards, the relative 
performance in respect of issues of environment and health are difficult to rank because of the impacts 
across different media, the uncertainties in the data, the variability in emissions over time from any 
given facility, and the fact tat (as per point one above) the analysis itself is partial. What does appear to 
be clear is that untreated landfill is a poor approach for dealing with residual waste, and that incinerators 
whose performance is characterised by the current UK ‘standard’ are also poor performers. The 
suggestion is that there would be some rationale in phasing out untreated landfill as an approach to 
dealing with residual waste, and that tighter standards should be applied to operation of incinerators in 
the UK. More detailed work may have shown that the approach to the treatment of slags and air 
pollution control residues is also important in the overall performance of thermal treatment facilities. 
 
Most BPEO assessments using life cycle analysis carried out in the UK have been conducted through 
reference to what appear to be the two worst performing options in our study. A UK-standard incinerator 
has no place in an assessment of the best environmental option since there are better performing 
incinerators already in existence elsewhere. An untreated landfill may have a strategic role to play 
(where void space exists, since it does not demand constant throughput), but this should be restricted to 
the short-term. At a time when it is still commonplace to hear comments of the nature ‘disposal is too 
cheap in the UK’, the answer as to ‘why?’ stares us in the face – we are offering the two bargain 
basement options as the cheap way of dealing with waste. Indeed, these have been the only two options 
available for users of WISARD to choose from. Now that the squeeze is on landfill, the UK can be 
                                                      
122 As a basic rule of thumb, applying a 7% discount rate across a 20-25 year facility doubles the relative 
significance of the impacts in the construction phase. 
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accused of keeping the incinerator option as cheap and dirty as legislation allows. This is terribly short-
sighted. 
 
The fourth point is that notwithstanding the limitations of our analysis, and the fact that a clear 
ranking across facilities is not so straightforward, untreated landfill and currently operating UK 
incinerators seem to be the worst options. There may well be arguments, therefore, for phasing 
out untreated landfill and UK standard incinerators.  
 
In our view, these considerations tend to cast the spotlight back to what it is we want these treatments to 
achieve in the context of a given waste strategy, and indeed, to the issues of public opinion, cost and 
wider social issues which one may use to decide upon specific treatments. Unfortunately, there has been 
a failure to consider, in most cases, the dynamic nature of the task of materials management which is in 
hand, and which is likely to require an increasing level of flexibility in approach over the next two 
decades. This ‘two-decade’ period is the period for which many waste contracts are being agreed at 
present, frequently with a more-or-less static partitioning of materials across options with little in-built 
flexibility. This is a mistake. 
 
The fifth point to be made is that waste strategy needs to ‘get strategic’. Residual waste 
management options must be chosen such that they are flexible. This means that special regard 
has to be given to the fit of the residual waste treatment option, and the continuing efforts to 
develop the high-in-hierarchy management options (minimisation / avoidance, re-use, recycling / 
composting). These have to be complementary as far as possible. We need to turn round the 
situation from one in which the tail of disposal wags the ‘resource management dog’. To do this, 
we must begin to implement strategic management of materials such that high-in-hierarchy 
options can proceed unimpeded, whilst a declining quantity of residual wastes are treated in an 
environmentally responsible manner.  
 

1122..33..  RReeccoommmmeennddaattiioonnss  ––  tthhee  CCoonndduucctt  ooff  AAnnaallyyssiiss  ooff  RReessiidduuaall  
WWaassttee  TTrreeaattmmeennttss  iinn  tthhee  CCoonntteexxtt  ooff  LLooccaall  AAuutthhoorriittyy  WWaassttee  
SSttrraatteeggiieess  

There is a poverty of strategic thinking in UK municipal waste management. It pervades all layers, 
professionalisms, and places. It starts with a failure to consider all options. BPEO analyses are 
frequently restricted to four or so options, usually with only two residual waste management options 
investigated. This choice partly reflects the pressure from bodies such as the Environment Agency to 
make use of life-cycle approaches. Since the Agency’s chosen tool – WISARD – only includes 
(currently) two options – in our view, the two worst ones - the choice is pretty stark. 
 
The other issue which afflicts these analyses is that of the four options, it is common to see at least two 
rejected on the basis that they do not meet certain strategic objectives. The rather obvious question 
which this gives rise to is, ‘why consider options in any analysis which one knows in advance are unable 
to meet strategic objectives when the meeting of these objectives is a key basis for accepting or rejecting 
the option as a potential option?’ This is hardly an intelligent approach. 
 
In drawing conclusions to such analyses, the superiority of specific options is frequently stated as though 
there was no room for uncertainty, as though all things were known, and as though the limited options 
considered were in some representative of the whole spectrum of options available. The conclusions to 
these analyses are invariably presented using language which displays an utterly unwarranted level of 
certitude. Where this is the case, one can state quite unequivocally that the analysts have not understood 
what they have done, or the exercise they have been engaged in.  
 
Frequently, the analyses are based partly upon analysis of environmental issues alongside analysis of 
costs. No study which we have seen has appreciated in any way the links between the two. In a world 
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where market-based environmental policy instruments are increasingly in vogue, it is already the case – 
and it becoming more so – that the environmental impacts of different activities are becoming 
‘internalised’ in market prices.  
 
Where residual waste management options are concerned, until recently, incinerators have benefited 
from the enhanced prices for electricity available under NFFO (and some in the planning process will 
continue to do so under the The Electricity from Non-fossil Fuel Sources (Locational Flexibility) Order 
2001).123 In future, other energy from waste options (not landfill) will benefit from sales of Renewable 
Obligation Certificates (ROCs). On the other hand, a tax on landfill is already in place.  
 
One can reasonably argue, therefore, that whilst the environmental disbenefits of landfilling are 
internalised to some degree, the existence of various forms of explicit and implicit subsidies for energy 
from waste options act to reduce the net cost of those options. It is a mistake to treat the benefits of 
‘displacement of other energy sources’ as though they were somehow independent of a policy – the 
Renewables Obligation – which enables renewable energy sources to sell Renewables Obligation 
Certificates precisely because they do not (supposedly) produce so much pollution as fossil fuel based 
options. Where the two are treated as though they are independent of each other, an analysis looking at 
‘both costs and environmental impacts’ is effectively double-counting this benefit. Similarly, if landfill 
externalities are treated as though they are not internalised in any form (and the degree to which landfill 
tax achieves this is still very much open to question), this potentially double counts the disbenefits 
associated with landfill.  
 
The general point being made here is that links between net costs and environmental impacts are not 
being made in the analyses conducted. To the extent that this type of analysis might be used to justify 
new policy instruments, it makes no sense to conduct the analysis in abstraction from those policies 
already in existence. Acknowledging and accounting for existing instruments makes the analysis even 
more complex than it already is, but it also throws the spotlight onto the Treasury and other Government 
Departments since to the extent that existing instruments may lead to us ‘getting prices wrong’, the 
existing incentives should be altered.124 
 
Recommendations to local authorities regarding residual waste analysis in the context of waste strategy 
development are given below: 
 

1. Use residual waste options for truly residual waste only; 
2. Be extremely sceptical of anyone who claims to know ‘the answer’ as to what 

(unequivocally) is ‘the best’; 
3. Do not consider any options which do not meet pre-specified strategic objectives (it should 

be possible to determine these in advance, preferably in the context of ‘outreach-based’ 
consultation with the public). Make sure that the residual waste options considered are 
consistent with the broader strategic objectives of the local authority; 

4. Do not accept analyses which are confined to ‘landfill’ and ‘incineration’ (especially where 
these are treated as though all of these behave in the same way); and 

5. Make sure that any analysis carried out is entirely transparent in the nature of the 
assumptions used, and demand that sensitivity to changes in those assumptions is carried 
out. In particular, where costs are considered alongside environmental impacts, ask how 
the existing policy instruments have been accounted for in the analysis. 

                                                      
123 Based on communications with Peter Stephens, DTI. 
124 By way of example, there are clear differences between landfilling of biostabilised waste and landfilling of 
unstabilised waste. In a situation where energy from landfill gas is eligible for Renewable Obligation Certificates 
(a benefit is available from captured methane used to generate energy), it surely does not make sense for the 
stabilised material to attract the same externality tax as untreated residual waste.  
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1133..00  CCOONNCCLLUUSSIIOONNSS    
1133..11..  RReeccyycclliinngg  //  CCoommppoossttiinngg  AAcchhiieevveemmeenntt  
Regarding the potential for materials to be recycled and composted, we have sought to understand: 
 

1. what seems likely to be achieved under existing policies using current good practice systems; 
2. what should be achievable with enhanced services and more supportive policies in place. 

 
We have estimated the former at 27-36%, broadly in line with the targets which the England and Wales 
Waste Strategy sets out for the longer term. However, these figures are well below what could be 
achieved with an enhancement of service provision and a more conducive policy framework. We 
estimate that such a framework could double rates of recycling and composting achieved to around 62%.  
 
The sorts of time period over which this might take place are contingent upon: 
 
The scale over which one considers these – local authorities can achieve these rates relatively swiftly, 
smaller ones in a period of a year or less, larger ones in more than a year. For the nation as a whole, the  
The  
 
Another way of looking at this is to say that in order to achieve Government targets, widespread 
provision of facilities will have to be in place, but collection infrastructure will be being utilised sub-
optimally. Arguably, the more conducive policy framework would allow for a more efficient 
deployment of collection infrastructure with higher captures across the range of materials. 
  
In the ‘current policy’ scenario, we have highlighted the significance of socioeconomic status, as 
indicated by deprivation scores, in influencing recycling performance. Potentially, more supportive 
policies will act to reduce this ‘performance gradient’, either through providing services that more 
effectively encourage participation and by considering incentives, such as differential charging schemes.  
 
As long as financial cost remains the predominant driver, this seems unlikely to constitute a sufficiently 
strong rationale for change, whilst recycling systems remain more expensive to implement than residual 
waste collection and treatment / disposal. It is difficult, therefore, to decouple the rationale for 
implementing policies which are supportive of recycling and composting without considering the way in 
which existing regulatory and incentive policies affect the costs of residual waste treatment. Our 
analysis shows that UK incinerators operate some way below best practice, yet elsewhere, it has been 
shown that energy from waste options receive relatively favourable treatment (in policy terms) 
compared to recycling and composting.125  
 
UK waste management stands at a turning point. Which way it turns, and how quickly it turns, depends 
upon: 
 

1. the willingness of local authorities to prioritise waste as an issue and to respond to local opinion; 
and 

2. the will of policy makers to implement incentives which reflect a clear resource management 
perspective, and which seek to encourage households to participate in established recycling 
collections 

 

                                                      
125 D. Hogg and J Hummel (2002) The Legislative Driven Economic Framework Promoting MSW Recycling in the 
UK, Final Report by Eunomia Research & Consulting for the National Resources and Waste Forum, 
www.nrwf.org.  

www.nrwf.org
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It is our view that the provision of funding alone is not sufficient. Without incentives, and without more 
technical assistance and guidance to local authorities, the danger is that a “bidding” culture will be 
established, in which local authorities develop expertise in submitting bids for projects without the 
wherewithal to implement them efficiently and effectively.  

1133..22..  RReessiidduuaall  WWaassttee  TTrreeaattmmeennttss  
One way of increasing the incentive faced by local authorities to implement separate collection schemes 
would be to change technical standards in respect of residual waste management. Our analysis of options 
for treating ‘truly residual waste’ suggests that of the different technologies, the two worst performers 
are probably untreated landfill and a UK-standard incinerator. These are the only two treatments which 
have appeared in most life-cycle modelling conducted in the UK thus far. The performance of UK 
incinerators is relatively poor as compared with might be considered ‘best practice’ facilities. These best 
practice facilities show performance comparable with what is claimed for pyrolysis plants. Setting aside, 
for the moment, important questions of technology risk and the functioning of these facilities in practice, 
these plants have the potential to out-perform UK-standard incinerators. 
 
Co-incineration options perform relatively well in the analysis. This is primarily a result of the 
displacement effects considered. The direct impacts of the facilities are worse than those of other 
treatments but since it is being assumed that coal fired power is being displaced, the net performance 
appears relatively good. There are questions as to whether the displacement effects should really be 
considered through looking at coal, especially in the case of the cement kiln where other fuels 
(sometimes wastes) may be displaced (and where technological possibilities for the use of gas exist). 
Furthermore, the availability of these facilities to accept wastes may be limited. Lastly, the local impacts 
may well be of concern to local residents 
 
Another of the standards which might have assisted in developing cleaner residual waste technologies 
would have been to specify policies aimed at rendering landfilled residues less likely to cause 
environmental damage. Such legislation already exists in Germany and Austria, as well as in Veneto 
region in Italy (where it is being considered at the national level). In our analysis of residual waste 
treatments, waste which is pre-treated through MBT prior to landfilling tends to fare much better than 
untreated landfill, and in several impact categories, it is one of the best options for dealing with residual 
waste. 
 
The other crucial issue in the quest to ensure only residual waste is being treated by residual waste 
options is the ‘strategic fit’ of different technologies into the overall strategy. The ideal technology is a 
‘non-constant throughput technology which is environmentally friendly’. This would combine flexibility 
and environmental performance. Untreated landfill is the most flexible solution but scores poorly on 
environmental performance. Incinerators are inflexible and only those performing at best practice levels 
(none in the UK) exhibit anything approaching good environmental performance. In practice, the 
approach should seek to optimise across flexibility and environmental performance. In this context, 
MBT facilities are likely to have an important role to play either in conjunction with landfilling (most 
flexible), energy recovery (where the most flexible solution is to use non-dedicated facilities) or both. 
All facilities should be operated to high technical and management standards. 
 
At a time when it is almost unanimously perceived that UK waste management is a ‘bargain basement’ 
industry (which is not such a bargain when the external costs are considered), improving standards 
would potentially achieve a double dividend in terms of increasing source separation rates and reducing 
the environmental impact of residual waste management. The higher residual waste treatment costs 
which would result might take the UK closer to a situation in which what is termed ‘residual’ waste is 
‘truly residual’ waste. This would only remain true over time, however, if decisions regarding residual 
waste treatments were taken with a clear view as to the implications of different treatments for the 
flexibility of waste strategies.  



Maximising Recycling, Tackling Residuals 

Eunomia Research & Consulting, Avon FoE and Network Recycling 146

 
APPENDIX 1: Household Municipal Waste Estimates - England 
 
The following estimates of national waste composition and arisings have been supplied by Dr Julian 
Parfitt, Principal Analyst, Waste and Resources Action Programme (WRAP), and are based on draft 
DEFRA municipal waste management data for 2000/01. Average household material arisings have been 
calculated using DTLR mid-year household estimates of 21,141,000 for England in 2000. 
 

Table A.1: National waste composition and arisings estimates 

 

'BIN WASTE' 
RCV residuals + kerbside recycling 

& non CAS bring recycling 

CIVIC AMENITY SITE WASTE 
Total CAS residuals + Recycling 

Excluded: building rubble 
Category Tonnes Kg/H.hold % wt Tonnes Kg/H.hold % wt 
Newspapers & Magazines 1,501,462 71 8.1% 71,319 3 1.3% 
Other recyclable paper 1,072,998 51 5.8% 51,875 2 0.9% 
Liquid cartons 77,373 4 0.4% 1,081 0 0.0% 
Board packaging 228,123 11 1.2% 89,701 4 1.6% 
Card and paper packaging 645,512 31 3.5% 2,161 0 0.0% 
Other card 28,956 1 0.2% 5,404 0 0.1% 
Non-recyclable paper 637,612 30 3.5% 13,878 1 0.3% 
TOTAL PAPER AND BOARD 4,192,036 198 22.7% 235,419 11 4.3% 
Glass bottles and jars 1,463,119 69 7.9% 68,688 3 1.2% 
Other glass 94,792 4 0.5% 12,718 1 0.2% 
TOTAL GLASS 1,557,911 74 8.4% 81,407 4 1.5% 
Plastic Bottles 387,574 18 2.1% 7,432 0 0.1% 
Other dense plastic packaging 394,718 19 2.1% 9,890 0 0.2% 
Other dense plastic 114,269 5 0.6% 32,637 2 0.6% 
TOTAL DENSE PLASTIC 896,561 42 4.9% 49,959 2 0.9% 
Disposable nappies 443,532 21 2.4% 0 0 0.0% 
Other Misc. Combustibles 110,558 5 0.6% 126,569 6 2.3% 
MISC. COMBUSTIBLES 554,090 26 3.0% 126,569 6 2.3% 
PLASTIC FILM 732,585 35 4.0% 17,764 1 0.3% 
TEXTILES 588,806 28 3.2% 110,970 5 2.0% 
WOOD 506,776 24 2.7% 488,479 23 8.8% 
FURNITURE 49,050 2 0.3% 255,344 12 4.6% 
MISC. NON-COMBUSTIBLES 381,812 18 2.1% 827,140 39 15.0% 
METAL CANS & FOIL 621,705 29 3.4% 528 0 0.0% 
OTHER NON-FERROUS 0 0 0.0% 4,761 0 0.1% 
SCRAP METAL/WHITE GOODS 543,958 26 2.9% 535,017 25 9.7% 
BATTERIES 0 0 0.0% 11,786 1 0.2% 
ENGINE OIL 0 0 0.0% 6,626 0 0.1% 
GARDEN WASTE 2,823,990 134 15.3% 2,077,970 98 37.6% 
SOIL & OTHER ORGANIC 210,524 10 1.1% 624,462 30 11.3% 
KITCHEN WASTE 2,234,428 106 12.1% 16,654 1 0.3% 
NON-HOME COMPOSTABLE 
KITCHEN WASTE 1,865,300 88 10.1%   0 0.0% 
FINES 681,657 32 3.7% 49,957 2 0.9% 
TOTAL 18,441,188 872 100.0% 5,520,811 261 100.0% 
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METHODOLOGY USED TO COMPILE COMPOSITIONAL DATA  
 
1) Local authority compositional data set selection (from about 70 authorities), authorities with data 
from more than one season (good relationship with DEFRA District mean arisings statistics compared 
with single season analyses). Final 'best selection': 30 authorities. 
 
2) Use of local authority classification (waste collection & recycling infrastructure, based on DEFRA 
statistics) to sort WCA & Unitary authorities into groups with similar infrastructure & relationship 
between RCV waste & CAS waste. 
 
3) Mean values for primary compositional categories (kg/household/week) for residual RCV waste 
compiled for each cluster from compositional analyses & tied to national totals for each cluster from 
DEFRA statistics. 
 
4) DEFRA statistics (2000 01) used for WCA/UA bring & WCA/UA kerbside recycling by material 
type, with standard formula used to assign kerbside co-mingled tonnages back to individual materials 
(based on Peterborough & Hampshire research). 
 
5) RCV residual tonnages & WCA/UA recycling totals combined for each cluster to produce national 
totals for each cluster. 
 
6) WDA CA recycling statistics compiled from DEFRA statistics (2000/01) & added to national totals 
(after estimating the CA recycling component within Unitary authorities, as CA recycling hidden with 
overall UA 'bring' statistics). Unitary CA recycling share of bring statistics assumed to be same as for 
non-Unitaries. Building rubble included in non-household recycling totals. 
 
7) CA residuals defined from limited compositional analysis data sets from different seasons in order to 
reflect average annual garden waste fraction. Generalised CA profile applied to DEFRA statistics for 
CA residual. 
 
8) Secondary categories computed for compositional categories used more detailed compositional data 
from the selected analyses. 
 
Caveats associated with the national estimates obtained: 
 
The primary level of compositional estimates (categories shown in capitals) provides a more robust set 
of estimates than the secondary level of estimates as these are more susceptible to sampling errors. 
There are likely to be sampling errors introduced by virtue of the fact that metropolitan districts are 
under-represented in the sample, so that in particular, the ‘fine structure’ of the analysis is unlikely to 
provide an accurate picture of English waste composition. 
 
The CA compositional samples available to this analysis were too limited to reflect the full range of CA 
sites operating across WDAs and UAs in England (particularly the variation in site inputs from non-
household sources & variation in 'green waste' inputs from different site catchment areas). Furthermore, 
the data relate to site inputs and therefore do not contain information about segregation efficiencies at 
the sites sampled. It is therefore difficult to estimate which of the input materials from compositional 
analyses were actually residuals and which were diverted from disposal into recycling or composting 
systems. DEFRA CA statistics do not provide a sufficient level of detail as many authorities report 
combined material categories (such as 'mixed paper and card') that cannot reliably be reallocated to more 
detailed categories in the national data set (so we have no estimate for total board packaging collected 
for recycling at CA sites).  
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APPENDIX 2: Relationship Between Best Value Targets and 
Deprivation Indicators 
 
In the Figure below, we have plotted the average of Ward Deprivation Scores for each District as well as 
the Best Value recycling / composting target for 2005-6. This shows a relatively weak relationship 
between increased targets and falling deprivation (as indicated by the trendline, but as much is 
discernable through visual inspection). 
 
Figure A.1: Plots of Average of Ward Deprivation Scores and Best Value Targets (2005/6) For English 
Local Authorities 
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To show the same type of relationship in a different way, we used the Local Concentration Rank and 
divided this into deciles (10% of the total) ranging from most deprived (decile 1) to least deprived 
(decile 10). This again indicates that on average, Best Value targets are higher in the less deprived 
Districts but that once again, the relationship is not especially strong. 
 
The plots are intended to illustrate the fact that already, there is some (weak) implicit acknowledgement 
of the impact of socioeconomic variables in the setting of targets (because past performance, which 
drives future targets, has been concentrated in less deprived areas).  
 
We have not attempted to draw any inference from this. The figures are for illustrative purposes only. 
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Figure A.2: Plots of Decile Average of (Best Value Recycling Rate-18)%, By Decile, According to 
Deprivation Local Concentration Rank 
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