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Preface 
 

This book was first published in 2003. Since then it has changed significantly each time as the 

topic itself has developed, but then, as now, it remains generally based on the content of the 

web site www.waste-technology.co.uk. It was first updated in 2004, and was available in 

hard copy form only, and could only be ordered from the Waste Technology Web Site until 

November 2006. At that time, due to a continuing steady demand for this publication it was 

again updated and sold as a downloadable ebook. Sales have continued, so further updating 

was carried out in January 2008. This is the latest December 2011 update and the first Kindle 

version  ready for 2012. 

 

Over the intervening period acceptance of the ebook format has increased greatly, and we 

hope that you will find that this version will provide you with a useful introduction to the 

Waste Technologies, and reference document. 

 

The information is based on United Kingdom, and EU practise and experience, but is also 

generally applicable worldwide.  

 

Disclaimer 

 

Reasonable care has been taken to ensure that the information presented in this book is 

accurate. However, the reader should understand that the information provided does not 

constitute legal or professional advice of any kind. 

 

No Liability: this book is supplied “as is” and without liability. All estimated costs are for 

comparison purposes only and actual costs may vary beyond the ranges given. All 

warranties, express or implied, are hereby disclaimed. 

 

Copyright © 2011-12 by IPPTS Associates. All Rights Reserved. 
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Introduction 

 
Waste Technologies, as referred to in this publication are all those technologies 
applied to the processing of municipal solid waste. Municipal solid waste 
(MSW) includes household waste, and industrial and commercial waste but 
does not include hazardous waste. It includes garden/yard and food wastes and 
can in general be thought of as all those wastes which would previously have been 
sent to regulated landfill sites. 
 
This ebook has been prepared to provide an introduction to the key aspects of the 
technologies available for recycling, treating, and diverting municipal solid waste so 
that it is not sent to landfill.  
 
The driving force behind the present very large waste management expenditure by 
governments in Europe, is European Union Directives. Of these by far the most 
important of these for waste management are the EU Landfill Directives.  
 

 
A municipal incinerator 
 
Within the many requirements contained in the Landfill Directives the targets for 
recycling and “waste diversion” away from landfill have been the most important in 
driving investment. If member states fail to achieve the targets for diversion by the 
set dates, they will face fines based upon the amount of waste they send to landfill 
above the target. 
 
From now on (2012) the target to further reduce the disposal of organic waste 
disposed to landfill will become increasingly important as a driver for change.  
 
Many nations and regions under the pressure of public opinion, have now set 
themselves even more stringent targets to recycle an ever larger proportion of their 
waste, with the concept of “zero waste” to landfill being their goal. 
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Governments, which are always eager to find ways of collecting more tax, without 
losing votes, have also seized upon the opportunity to place a tax on landfilled waste. 
In the UK the landfill tax now (2011) amounts to £57 per tonne, and will continue to 
rise annually. 
 
The EU targets for recycling which have been rising in stages, are now (2012) such 
that 40% of all MSW is now recycled over the whole of the UK, and this target is set 
to rise further. 
 
This adds-up to a lot of change for the Waste management Industry, and plenty of 
investment to entice individuals and companies to innovate. 
 
The global Waste Technology market has been rapidly developing to meet these 
challenges, and as a result the technologies involved are themselves subject to 
development and change. 
 
In fact, as non-renewable resources also become scarcer and more expensive the 
markets for recycled materials become more stable and rise in value, as use of these 
sources becomes cheaper than mining and refining them. 
 
At the same time, a remarkable transition is taking place within industry and society 
as a whole, which is hardly noticed, but is very important for society and the 
“sustainable” use of resources now that global population has exceeded 7 billion. 
That is that our perception of the use of recycled materials in our everyday lives is 
changing from something “worthy” and “noble”, to becoming “normal” and “expected”.  
This means that industry can use these materials without being concerned any more  
that the public may perceive their goods to be somehow sub-standard, and fuels yet 
more market demand for recycled materials. 
 
 

Image: A general 
view of the Spittelau 
Fernwarme 
Incineration Plant, 
Vienna. 
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The range of different companies patenting apparently unique waste technologies 
continues to expand, but all are based upon a set of core scientific principles, each of 
which is introduced within this ebook. 
 
Many of the descriptions provided are generic or based on ‘typical’ examples of the 
technologies. The reason for this is the wide diversity of options available in some 
systems (Anaerobic Digestion, MBT, In-vessel Composting and Mechanical Heat 
Treatment such as Pyrolysis and Gasification, in particular).  
 
It is normal for several technologies to be utilised in any one project, and for that 
reason the umbrella term of Mechanical Biological Treatment (MBT) has been 
commonly adopted. It is important to remember that MBT is a concept and not in 
itself a technology, and this is described in more detail later. 
 
  
 
In the sections which follow each waste technology is accompanied by a schematic 
diagram illustrating typical inputs and outputs of the processes, the key to these 
diagrams is as follows:- 
 

Key  
 

        Waste Input             Technology                     Output as Waste/Fuel/Recyclate 
 
 

          Emission to Air         Emission to Water          Output to Electricity Generation      
 
 

 
In addition to the technologies included there is also a section on dedicated pre-
treatment processes which may form part of an integrated waste management 
solution. 
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Mechanical Biological Treatment (MBT) 
 

Mechanical Biological Treatment is a generic term for an integration of several 
processes commonly found in other waste management processes such as Materials 
Recovery Facilities (MRFs), Refuse Derived Fuel (RDF) production, sorting and 
composting plant. At present an increasing number of MBT facilities are currently 
under development in the UK.  
 
These facilities are usually completely housed within buildings which are kept under 
negative pressure internally, with air filters used to remove odour before air from 
these facilities is emitted, in order to prevent any odour impact on the local 
community.  
 
There are a wide variety of MBT systems promoted by waste technology provider 
companies to the UK municipal waste management market and many look different 
internally. However, the principle of all MBT plants is to recycle as much as possible 
and process the remaining waste to stabilise it, and to reduce the residual waste 
stream into less harmful/ more beneficial output streams.  
 
The processes are designed to handle raw ‘black bag’ municipal waste (after any 
source segregated recycling and composting has taken place) and tend to involve a 
recyclate recovery element (typically metals and glass) and drying/partial composting 
of the remaining waste to produce a more stabilised residue.  
 
The last few years have seen an increasing awareness of the concept of 
sustainability, and in particular to the energy used by these processes and the 
carbon emissions (e.g. carbon dioxide) related to each. 
 
The recyclable component may be extracted either prior to or post processing/ 
‘stabilisation’. The remainder of the waste is screened/ sorted and then what cannot 
be made use of further treated and homogenised to produce either a feedstock for 
another treatment process (e.g. a refuse derived fuel for energy recovery in a 
gasification, co-incineration, or energy-from-waste plant) or may be sent to landfill as 
a partially stabilised residue.  
 
Some systems may screen the waste to produce a compostible stream appropriate 
for in-vessel composting processes, or other types of composting such as one 
method which uses the heat generated during composting to dry the compost.  
 
Where the waste is to be used as a secondary fuel (RDF) there is usually a minor 
non combustible element sent for disposal to landfill.  
 
An alternative MBT approach is the extraction of recyclables followed by 
homogenisation of the residue prior to processing in an Anaerobic Digestion plant. 
Whole waste composting with some materials extraction (pre or post treatment) may 
also be regarded as a simple MBT technique to provide a residue for landfilling / low 
grade land restoration type applications / subsequent thermal treatment. 
 
As you can see from this description the implementation of MBT varies widely, but 
always includes sorting for the separation of recyclable materials and a method of 
treatment of the waste which remains, to satisfy the regulations which limit what can 
be sent to landfill. 
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Schematic of Inputs and Outputs of a Typical MBT Process 

 
 
Typical capacity: 25,000 – 200,000 tpa (usually modular units 

multiplied up on larger sites) 
 
Land requirements: 0.9 - 2Ha for small facility (25,000 – 60,000tpa), 3-

4Ha for large facility (~180,000tpa) 
 
Capital Costs: £9m – £30m depending on size and complexity of 

plant – 60,000tpa relatively high tech plant cited at 
£10m 

 
Operating costs: Operating costs from £18 - £60 / tonne – average 

£37.50 / tonne (2008) 
 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will vary 
depending on the size and technology adopted. 

 
 

Strengths & Weaknesses of MBT 
 

Below is a table of the primary strengths and weaknesses of Mechanical Biological 
Treatment processes. 
 

Strengths Weaknesses 
Reduces the mass of the input waste through 
stabilisation / composting processes (by 
~20%) 

Landfill of residue may still count as 
Biodegradable Municipal Waste (BMW) with 
regard to the Landfill Directive unless further 
treated. National regulations vary as to the tests 
which the treated material must pass, and the 
degree of stabilization needed for EU 
Regulations compliance 
 
It would receive the full Landfill Tax 

Designed to extract additional recyclate from 
the residual waste stream  

The system is reliant on other treatment / 
disposal processes for the residues 

Based on combinations of existing proven A number of  plants are currently in operation in 

1 
Tonne 
Input 

Material 
(black 
bag 

residual 
waste) 

 
Mechanical 
Biological 

Treatment System 

 

Recyclable 
materials 35 – 

245 kg 

Water Vapour 
& CO2 

~250kg 

Wastewater -  

to sewer 

Reject fraction to 

Landfill 100 – 150 kg 

Partially stabilised residue for 
further biological treatment or 

thermal treatment or co-
incineration or landfill ~ 500 kg 
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technologies the UK and more are in project development and 
construction. 

Homogenises residual waste feedstock for use 
as fuel in other processes (e.g. cement kilns, 
power stations, other waste recovery 
processes)  

Lower value for recyclate derived from a mixed 
residual stream 

Increases calorific value of waste through 
drying / separation 

Potential contamination issues over products 
from composting or Anaerobic Digestion of waste 
limiting potential applications. For example, 
markets for the end product (digestate) are 
limited by the fact that mixed the wastes from 
MBT when digested will not be able to pass the 
UK quality protocol for digestate and composts 
derived from MBT processes 

Is designed to be part of an integrated system Residue is likely to be subject to Animal By-
Products Regulation requirements for any 
additional composting. 

 

Other Issues 
 
Key issues with regard to MBT include the impacts of legislation upon the products of 
the process. The output of an MBT process may be classified as biodegradable 
under the Landfill Diversion targets unless additional processing takes place 
(clarification is needed on an MBT site by site basis, and the reduced 
biodegradability of the output must be demonstrated by the plant operator).  
 
The composting of the output from an MBT plant, as is often required, is normally 
subject to Animal By-products legislation, unless it can be shown that waste food has 
been effectively excluded from the waste stream.  
 
The viability of MBT would be aided if it were possible to process organic waste to 
produce a “product”. Unfortunately, composts produced by MBT processes are 
classified as a waste unless a case is made for a particular site and process under 
one of several “End-of-Waste” protocols which have been devised in recent years. 
Unless an “End-of-Waste” certificate is issued the output from MBT will continue to 
be classed as a waste, although exemptions can be applied for.  
 
This means that the downstream user will suffer from the “waste” status of MBT 
outputs in so far as that he/she will have to comply with all the Waste Regulations 
which will continue to apply to the storage, handling and use of these materials.  This 
is despite of the fact that the treatment technologies applied are increasingly 
sophisticated and, if applicable, can be quality controlled. The quality can be high 
(e.g. as SRF/high quality RDF production) so that, if the original material had not 
been already classified as a waste, the output would in other walks-of-life be seen as 
a “product”. 
 
Other treatment/disposal processes which receive the outputs from MBT plant (for 
example co-incineration of the fuel in cement kilns or power stations, landfill, 
gasification etc.) will be possible but still tend to incur a gate fee. Some of these are 
currently subject to market testing in the UK, but a number, such as cement kiln co-
incineration are now being utilised successfully and have achieved full regulatory 
approval. 
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Unsorted / Residual Waste Materials Recovery Facility  

(Dirty MRF) 

 
So called, “Dirty” Materials Recovery Facilities, are no more clean or dirty than any 
other process. The term simply refers to housed facilities which take delivery of 
mixed/residual waste, and distinguishes them from “Clean” Materials Recovery 
Facilities (described later).  

 
 They combine a number of 
screening/sorting techniques to divide 
residual municipal waste into a 
recyclable material stream, and a non-
recyclable residual waste stream which 
is disposed of to landfill.  
 
The more advanced plant in this 
category (as shown in the diagram 
below) may be used to produce a third 
stream of either a primarily 
biodegradable waste stream which can 
be sent for Anaerobic Digestion or In-
vessel composting, or a relatively high 
calorific value stream for conversion to 
Refuse Derived Fuel (RDF). 
 
Dirty MRF facilities employ conveyor 
systems, bag splitters, screens or 
trammels (rotating horizontal drums with 
holes in their cylinders), to split the waste 
into different size fractions, and magnets.  
 

Eddy current separators, handpicking, or other sorting techniques such as “air 
classifiers” may also be applied to divide the waste stream into the required 
constituent streams.   
 
The Dirty MRF process will not produce recyclate of as high a quality as a clean MRF 
due to contamination from putrescibles and the less efficient separation process 
which is inevitable due to the mixing of additional materials before they arrive at a 
Dirty MRF.  
 
This may impact on the income which can be made from the recyclate outputs 
derived from such facilities, however, advocates of the very latest waste separation 
equipment have started a debate within the industry suggesting that this may no 
longer be true. 
 
It is hard to generalise due to the wide range of systems available, but it is generally 
recognised that “simple” Dirty MRFs perform less efficiently than their “Clean” 
counterparts.  
 
A “Dirty” MRF will typically recover around 10 – 15% of material as recyclables and 
the remainder would either require further processing or disposal. It is typical for 
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metals to be extracted through this process and mixed plastics, paper, glass, card 
and textiles may also be removed for recycling through the operation.  
 
Dirty MRFs had limited success in the UK until the new generation of plants began to 
come on-stream starting in 2006. Their poor reputation arose largely due to the poor 
levels of income which were available at that time from recyclate sales and the 
extreme volatility of the recycling market. However, it was always recognised that 
until the outputs were consistently available in consistent quality, at significant 
quantities, from an adequate number of MRF plants the development of a mature 
market would not proceed. 
 
There are signs that a much less volatile market is emerging, as under UK 
government and private partner PPP investment a number of integrated waste 
management contracts, MRFs as part of MBT plants, are going ahead. However, 
market demand and prices are seen as being depressed, due to generally lower than 
anticipated economic activity. 
 
Potential investors in the combustion plants which will be needed to utilise the new 
MRF (and MBT) outputs (especially main-stream national power companies seeking 
renewable power sources) have also been showing a much higher degree of 
commitment and a more robust market is developing for biomass combustion.  
 
However, at least one UK MBT plant has gone ahead in advance of intended parallel 
construction of its separate EfW RDF combustion plant, and the plant has then not 
yet been built. Nevertheless, it is assumed that when economic conditions improve, 
even in such cases, the RDF combustion capacity to utilize the RDF will be 
constructed. 
 
This trend will be likely to be reinforced by the large energy companies entering the 
RDF market, with their enhanced resources. An early indication of this came in early 
2008 with the announcement of the acquisition of the 100MW Slough Heat and 
Power biomass plant by the large power generator Scottish and Southern Energy. 
 
So, by late 2010 about 20 MRFs incorporating RDF production and In-vessel 
composting were operational in the UK and an estimated similar number of projects 
are now in the later stages of progress. 
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Schematic of Inputs and Outputs of a typical Dirty MRF process 
 

 
 
Typical capacity: 100,000 – 200,000 tpa  
 
Land requirements: 2 - 4Ha  
 
Capital Costs: £7m – £25m depending on size and complexity of 

plant 
 
Operating costs: Gate fee for low technology 100ktpa plant cited at ~ 

£21 / t (2008 excl L’fill tax) 
 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will vary 
depending on the size and technology adopted. 
100ktpa plant had 24 staff. 

 

Strengths & Weaknesses of Dirty MRFs 
 

Strengths Weaknesses 

Extracts additional recyclables 
from residual waste stream 

Low quality of recyclables output can 
render material of low value. 

Generally lower capital costs 
compared to clean MRFs (per 
tonne equivalent) 

Unless there is a high level of separation in 
the plant, there is likely to be a major 
component of the waste entering the plant 
going to a disposal facility (landfill or energy 
from waste). 

Can be used as part of an 
integrated system to gain energy 
and materials value out of the 
residual waste stream 

Where materials are divided for example 
into biodegradable and combustible 
material streams, the facility is reliant on the 
availability of other waste management 
operations. 

1 
Tonne 
Input 

Material  
(black 
bag 

residual 
waste) 

 
Dirty MRF 

Facility 

Non recyclables to 
Landfill  / processed to 

produce RDF  

350 – 660kg  

Material Diverted for biological 
treatment 250 – 400kg to 

produce low grade restoration 

material 

Recyclables recovered 40 – 

200kg 

Residue to Landfill only 
~50kg 
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Lower cost than MBT whilst 
achieving similar aims (although 
potentially less effectively) 

Potential dust / odour problems and health 
issues for staff on picking belts 

Applying proven technology Any biodegradable stream derived from 
plant will be subject to the Animal By-
products legislation 

 Outputs from the plant will still be classified 
as BMW under the Landfill Directive and 
active waste under Landfill Tax unless an 
“End-of-Waste” certificate is awarded by 
government 

 

Other Issues 
The Dirty MRF is similar in many ways to some MBT processes, with the exception of the 
biological component. More complex Dirty MRF systems can split the waste stream into three 
streams in a similar manner to MBT, however as the waste is usually still wet during the dirty 
MRF operation separation and extraction of materials is commonly less efficient.  
 
There is also no mass reduction through the Dirty MRF process unless other pre-treatment 
operations are used (see ‘Other Pre-treatment Options’ section).   
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Energy from Waste (EfW) 
 
Energy from Waste (EfW) facilities combust waste under controlled conditions, to 
reduce its volume and hazardousness, They generate electricity and/or heat. 
Electricity generated from a typical 100,000tpa facility would be roughly equivalent to 
the electricity usage of 10,000 houses and would be exported to the local grid. 
 
Any excess heat produced by the plant should be used in industrial or district heating 
schemes, known as Combined Heat and Power Schemes (CHP) as appropriate to 
the need. In fact, compliance with the sustainability rules needed to make EfW 
schemes suitable for government subsidy under the ROCs scheme now demands, in 
most cases, that EfW schemes incorporate a CHP element. 
 

 
Edmonton Incinerator, London 
 
In practice, all those promoting EfW would also wish to see CHP also implemented, 
but the cost of installing the heat-insulated pipes underground that are needed is 
hard to find. 
 
The environmental benefit from the use of CHP is easy to understand, as the benefits 
of conveying hot water to homes, businesses, and factories, using heat which would 
otherwise be wasted to the atmosphere through cooling systems, is undeniable.  
 
EfW Plant capacities are regarded as small scale if ~150,000 tpa or less, medium 
scale (~150 - 250,000 tpa) or large scale (> 250,000 tpa) based on available 
throughputs.  CHP schemes are particularly suitable in urban locations where there is 
likely to be a heat demand within a reasonable distance of the CHP plant.  
 
Incinerators require measures for the control of stack emissions and this may include 
flue gas cleaning equipment and these are regulated under the European Union, 
Waste Incineration Directive (WID). The measures needed may include acid 
scrubbing plant, a carbon injection system, electrostatic precipitators or fabric ‘type’ 
filters must be provided, depending on the type of control system employed.   
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The equipment employed for the control of stack emissions can occupy much of the 
space required by the plant and the cost both initially during construction and during 
the life of the incinerator are high. 
 
However, the use of close control on combustion temperatures, the composition and 
residence time of the burning gases, and these highly sophisticated flue gas cleaning 
processes are now well established in the UK. The current record of the WID 
compliant incinerators throughout the UK and Europe is good.  
 
Additional good practice can be demonstrated in EfW plant overseas, where the 
controls on emissions levels may be tighter still, and the plant operators have come 
to accept that these are essential measures which will always form a significant 
proportion of the overall capital costs of their incineration plants (between 30 and 
60%) for most of the EfW technologies available. 
 
The end result is that the emissions from all present and proposed incinerators are 
exceedingly low. Some operators have pointed out that the stack emissions can now 
be significantly lower than those emitted by the normal vehicle movements on the 
site. 
 
There is also a requirement to deal with the disposal of the residues of the 
combustion process. There are two principal solid residues from thermal treatment 
systems: the bottom ash, which is the solid remainder of the waste feedstock after 
processing; and the Flue Gas Treatment (or Air Pollution Control) residues from the 
air pollution control process. Some of the residues from the stack emission control 
process are classified as hazardous waste and may be difficult to dispose of. 
 
The normal disposal route is to hazardous waste landfills with the ash. The 
proportion of ash compared with the original tonnage of waste entering the process is 
lower for incinerators than other waste treatment methods, but is not as low as for 
Fluidised Bed incinerators (see later section). 
 

Energy from Waste (incineration with energy recovery) 
 
Until the middle of the last decade the majority of incinerators operating in the UK 
would deliver all of the waste straight from the delivery vehicle into a storage hopper 
and from there directly onto the hearths without prior sorting for recycling. 
 
As the targets for the percentage of waste which must be recycled have risen 
progressively the waste disposal authorities which have large incinerators have found 
it increasingly difficult to comply with their recycling targets, so the trend is toward 
MRFs appearing even at incineration plants, to pre-sort certain recyclables from the 
incoming waste before incineration. It was always planned that incineration plants 
would only be one component of the waste technology adoption strategy within any 
waste disposal authority, due to such constraints. 
 
However, large incinerators in the UK are still predominantly of the moving grate type 
of energy from waste plants designed to handle large volumes of household wastes 
with no pre-treatment.  EfW facilities typically have two or three combustion units, 
which range from 100 tpd to 3000 tpd.   
 
In these moving grate incinerators: the waste is delivered by the crane grab-load 
from a storage hopper, or directly from the delivery vehicles, and slowly propelled 
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through the furnace by a moving mechanical grate, in which waste continuously 
enters at one end and the ash is discharged at the other.  
 
The combustion process is also aided by gravity.  As the waste descends it goes 
through three stages in the process: drying, combustion and burnout.  Considerable 
attention has to be given to ensuring the necessary heat and burn conditions and 
retention periods at those conditions, for optimum combustion. The combustion 
process is also aided by gravity.  As the waste descends it goes through three stages 
in the process: drying, combustion and burnout.   
 
Considerable attention has to be given to ensuring the necessary conditions and 
retention periods at those conditions, for optimum combustion. 
 
 

Schematic of Inputs and Outputs of a typical Energy from Waste facility 
process 

 
 
 
Typical capacity: 60,000 tpa - 600,000 tpa (although typically 

100,000 – 250,000tpa)   
 
Land requirements: Typically 2.5 to 3.5 Ha 
 

Capital costs: (2006-8) 100,000tpa plant ~£40m – £46m 

 200,000tpa plant ~£58m - £64m 
 400,000tpa plant ~£85m - £120m 
 

Operating costs: (2006-8) 100,000tpa plant ~£41 - £64 / tonne 

 200,000tpa plant ~£30 - £45 / tonne  
 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will 
required and will vary depending on the size of 
the facility.  An estimated 30-55 persons are 
required to operate medium sized facilities of 
around 200,000 - 450,000 tpa  

1 Tonne 

Input 
Material 
(black bag 
residual 
waste) 

 

Emission to air, various 

gases , mostly CO2, NOx. 

Bottom Ash may 
be recycled or 
disposed of to 
Landfill, 200 – 

300kg 

Metals extracted 
from bottom ash 
for recycling, 30 

– 50kg 

Wastewater 
 

Residues from Flue 
Gas Treatment to 
hazardous waste 

landfill, 30 – 60kg 

 
 

Energy from 

Waste Facility 

Heat used to 

produce electricity 

Heat may be used 
to provide local 

heating needs 
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Strengths and Weaknesses of ‘Mass Burn’ Incineration Units 
 

Strengths 
Weaknesses 

Handle MSW waste with no pre-treatment 
required 

High capital costs. Since fixed costs are high 
the need for consistently high utilisation is 
paramount. The requirement for high flues 
and economy of scale  usually results in the 
optimum size of incinerators being large, with 
corresponding impacts on the local scene 

State-of-the-art technology in global use 
including pollution control technology 

Negative public perception - NIMBY (stack 
emissions and lack of understanding of 
technology) 

Energy recovery including Combined 
Heat and Power (CHP) plants and 
opportunity for district heating 
programmes 

Residue quality and disposal, although bottom 
ash can be reused 

No long term liability Debate over measurement and long term 
health effects of dioxin emissions, it should be 
noted that controls issued throughout the 
1990s and more recently with the Waste 
Incineration Directive have reduced dioxin 
emissions to well below that of other 
combustion processes. 

Proven and commercially available 
technology 

Minimum materials recovery, except for 
ferrous materials 

Reduces volume of waste by ~90% Minimum or guaranteed tonnage may be 
required by the operator to cover costs  

 

Other Issues 
 

Energy from Waste has a particularly poor public image and has been the subject of 
campaigns by environmental groups on the grounds of perceived health impacts from 
emissions to air.  
 
The waste 
incineration industry 
has reduced its 
emissions over the 
last 20 years by a 
factor of 10 or more 
due to enhanced 
legislative 
environmental 
controls, including 
the Waste 
Incineration 
Directive (WID).  
 
Incineration remains 
the most highly used 
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and proven technological means of thermal treatment of waste, to reduce, sanitise 
and recover energy from municipal solid wastes.  
 
The energy recovery is not as efficient from such facilities compared to some more 
advanced thermal treatment processes, however if the heat is also utilised (via a 
district (CHP) heating scheme) the process becomes far more efficient in terms of 
energy recovered. 
 
Recycling of the bottom ash from EfW plant into construction applications usually 
reduces the quantity requiring landfill disposal to under 10% of the feedstock mass.  
 
Flue gas treatment residues from the emission control system either require further 
treatment or disposal to hazardous waste landfill. Some metals may also be 
extracted from the bottom ash for recycling, however this (and ash recycling) does 
not count towards recycling targets. 
 
Electricity produced from EfW (Incineration) (and receive a preferential sale price) 
does not fall within the Renewables Obligation but may be if adequate CHP is 
included, although the electricity does count towards the UK Renewable Energy 
targets. (NB: Landfill Gas EfW is treated differently and is granted a Renewables 
Obligation Certificate.) 
 
The Feed-in-Tariff, which is effectively a subsidy introduced in 2009 in the UK by the 
government to encourage renewable energy generation, may also apply to 
incineration plants with suitable CHP. 
 

Fluidised Bed Combustion Technology 
 
The combustion of MSW using fluidised bed (FB) involves pre-sorting the waste 
materials to remove heavy and inert objects and non-ferrous metals prior to 
processing.  The incinerator is normally a single stage process and consists of a 
refractory lined chamber with a granular bubbling bed of an inert material such as 
coarse sand or similar bed medium.  This bed is supported on a distribution plate and 
fluidised by air or other gas being blown through the plate at a high flow rate.  
Particles are carried out of the vertical chamber by the flue gas into a cyclone.  Most 
of the particles are sand, which are returned to the fluid bed.  FB systems offer 
superior thermal efficiency. 
 
There are two main types of fluidised bed combustor (FBC), bubbling fluidised bed 
(BFB) and circulating fluidised bed (CFB).  The principal difference is that in the CFB 
boiler the bed material is entrained in the gas stream above the bed, causing more 
vertical carryover of particulates, which are separated and returned to the bed in the 
cyclone. In a BFB combustion takes place in the bed which is held in suspension by 
an upward flow of combustion air.   
 
The airflow and velocity are chosen to give intense mixing of material and minimum 
carry over of particles out of the furnace.  The CFB boiler is taller physically than the 
BFB.  Slightly higher thermal efficiencies can be achieved with the CFB boiler (over 
90% compared to 89%). The increased turbulence, which is a feature of the CFB 
boiler technology, also gives lower CO and NOx emissions for the same fuel than 
BFB technology.  The CFB boiler also has a greater fuel flexibility and turndown 
capability.   
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Strengths and Weaknesses of Fluidised Bed Incineration Units 
 

Strengths 
Weaknesses 

Can be used in conjunction with front end 
recycling operations 

Requires some degree of pre-treatment 

Increasing perception that new processes 
are more environmentally responsible 

Limited commercially proven experience in 
the UK, although there is operating 
experience elsewhere in Europe (Dundee 
plant has experienced problems. WRG has 
a plant in  Allington, Kent, plant 
commissioned in 2005/6) 

Combustion efficiency is high and 
temperatures are uniform making residence 
time calculations more reliable 

Capital costs high (as per mass burn) 

Improved emissions control – lower 
temperature tends to reduce NOx formation 

Negative public perception (as per mass 
burn) 

Less ash as non-combustible content is 
lower 

Debate over dioxin emissions (as per mass 
burn) 

Relatively low maintenance due to single 
furnace with no moving parts  

Minimum or guaranteed tonnages may be 
required by operator to cover costs 

Better combustion conditions and burnout - 
sand provides continuous attrition of the 
burning material removing layer of char and 
exposing fresh material for combustion  - 
thereby increasing overall efficiency 

Less ash, but still an operational issue over 
ash reuse / disposal 

 

Other issues 
 

The issues affecting energy from waste using moving grate technology are similar to 
those facing fluidised bed systems. There is the additional issue of a shortage of 
successful operational experience at commercial scale in the UK (although a 
substantial new plant has been built in Kent and is thought to be operating 
successfully). Linked to this are potential operational issues with the pre-treatment 
front end of the process which is required to be robust to homogenise municipal 
wastes for delivery into the fluid bed. 
 

Other Kilns 
 
Rotary and Oscillating Kilns have also been used internationally for municipal waste 
energy from waste plant. The only commercial scale facility being developed in the 
UK at present is the NewLincs Development using an Oscillating Kiln design in 
Grimsby. This plant uses technology utilised in France, which provides smaller scale 
Energy from Waste, in this instance incorporating CHP in the form of district heating. 
The arguments against smaller scale EfW plant tend to be less vociferous particularly 
when plant are integrated and provide a more local solution.   
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Anaerobic Digestion (AD) 
 
Anaerobic Digestion is a complex biochemical process which takes place in a vessel  
in the absence of oxygen and results mainly in the formation of a carbon dioxide and 
methane gas mixture known as “Biogas” and a solid and liquid residue (the liquid 
may be reused in some processes).   
 
Mechanical processing and separation of MSW is essential before the process for 
most AD systems and as far as possible the non-biodegradable materials are 

removed prior to processing, usually in a MRF.  
 
There may be an element of post digestion 
extraction of contrary materials for recycling, 
but this is rare.   
 
A typical feedstock comprises biodegradable 
municipal solid wastes (BMW) plus other 

enriched organic waste streams (sewage sludge, agricultural waste, food processing 
wastes). 
 
The organic waste stream is passed to the anaerobic digester where the material 
remains for a suitable retention time under controlled conditions.  The “Biogas” 
produced during digestion is transferred to a gasholder and used to provide internal 
electrical power generation and heating requirements.  Surplus electrical power may 
be sold which is eligible for Renewables Obligation Certificates. 
 
There are many variations on the anaerobic digestion technology which allows the 
technology companies to offer unique “optimized” plants, with widely varying 
residence times for the organic material within the reactor, and variations in the water 
content used within the digester.  
 
Add to that mix, the fact that there are two ranges in temperature which work best for 
anaerobic digestion processes, known as the Mesophilic reaction range, and the 
Thermophilic range, and you have the recipe for many varying process variations. 
 
The AD process depends for its efficiency on the micro-organims (most importantly the 
bacteria) living optimally and these do best at temperatures between 35 and 40 °C for the 
ones called mesophiles or mesophilic bacteria. Other bacteria can survive and thrive at the 
hotter conditions of 55 to 60 °C; these are called thermophiles or thermophilic bacteria. 
 

Although AD plants based upon both the mesophilic 
reaction range, and the thermophilic can be 
found anywhere, the maintenance of the higher 
thermophilic temperatures in cold climates is 
onerous, and the thermophilic plants are seen 
more in the warmer countries. 
 
Within this eBook when we refer to waste 
technologies we are referring to solid waste 
treatment methods, but anaerobic digestion also 

has a very wide application in the treatment of liquid wastes including municipal 
sewage treatment works sludge. This sludge is classed as a liquid as it is more than 
90% water, although it may appear to be a solid. 
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Finally. we will give a mention to the AD technology which is used for what are 
essentially liquids with dissolved organic matter which is digested in what are known 
as Upflow Anaerobic Sludge Blanket Reactors or UASBs. The description of these is 
beyond this basic introduction, however, the technique uses an anaerobic digestion 
zone (the sludge blanket) which develops within a cone shaped tank which widens as 
it goes up. The digestion takes place in the sludge blanket which is constantly 
balanced above the base of the tank by the upward flow of the liquid being treated. 
 

Schematic of Inputs and Outputs of a typical Anaerobic Digestion 
process 
 

 
 
Typical capacity: 5,000 tpa - 60,000 tpa (modular facilities, larger 

capacity can be achieved by a number of 
digesters on one site).  

 
Land requirements: Less than for aerobic composting and waste-to-

energy plants, depends on the process adopted.  
Estimated requirement is 1m

2
 per tonne, 

depending on technology employed.  
 
Capital costs: (2006-8) For a 50,000 - 60,000 tpa plant - costs in the 

range of £10M - £29M 
 
Operating costs: Estimates of (UK) gate fees is likely to be in the 

region of £40 -70 /t feedstock.  Estimated 
processing costs are in the region of £25 - 
£40/tonne. 

 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will 
vary depending on the size of facility.  

 

1 
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stream) 

Anaerobic 
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Facility 

Biogas, combusted in 
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Water 
Vapour 
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Post Treatment 
Maturation 

phase 

Digestate to 
Agriculture / Land / 

Landfill 

 200 - 500kg 

Non organics to 
Landfill 50 – 200kg 

(depending on 

source of waste) 

Fugitive releases, 
mostly water 

vapour ~30kg 

Wastewater 

180 - 230kg 
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Strengths & Weaknesses of Anaerobic Digestion 
 

Strengths 
Weaknesses 

Relatively low capital costs compared to most 
thermal processes 

Uncertainties over the economics and 
practical applications of AD to treat MSW. 
AD technology for various homogenous 
waste streams is widely proven in Europe, 
and there are half a dozen full scale plants 
in operation in the UK on municipal 
derived wastes. There are proposals to 
develop additional UK facilities 

State-of-the-art technology in global use 
including pollution control technology 

Anaerobic Digestion of MSW relies on 

comprehensive pre-processing of the 

waste or source separation; plastics for 

example, can cause difficulties for the 

use of the digestate output. Some 

systems however are designed to 

operate with mixed municipal type 

wastes. The output may be useful as a 

fertiliser, but before it can be accepted 

commercially the recently produced 

PAS110 standard will need to be 

accepted widely, and the problems 

over “End-of-Waste” issues remain, as 

for MBT (see previous section on 

MBT) 

Energy recovery potential (methane 
generation) and possible sale of surplus 

Odour emissions during material handling 

Contributes to national recycling /recovery 
objectives 

Does not treat the whole MSW stream, 
only the organic fraction, however may be 
used on residual municipal waste stream 
with contaminants rejected as part of the 
process 

Reduces organic wastes from landfill which 
reduces the production of landfill gas and 
leachates; a key aim of the landfill Directive 

AD is more capital intensive than 
composting 

 

Totally enclosed system, reduces 
environmental impacts 

Materials handling problems with front end 
processing, can be costly 

Complies with Animal By-Products legislation 
legislation (some plants may need a 
pasteurisation stage added though) 

Contamination of final product often 
difficult to avoid; marketing problems 

Eligible for Renewables Obligation 
Certificates on electricity generated 

Gas handling, storage and clean up 
facilities are required, which can be costly 

Reduces the mass of organic waste input Digestate produced, if landfilled, may still 
count as BMW and be subject to active 
Landfill Tax. Isn’t even close to being as 
efficient in mass reduction as incineration 
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Other issues 
 

Odour is a major concern at any plant processing the biodegradable elements of 
municipal waste.  The process is inherently high-odour. The bio-reactor and 
associated waste handling facilities (tipping floor, waste storage halls/bunkers, 
processing areas, conveyors etc.) must be designed to mitigate against the escape 
of odour/leachate. 
 

 The value digestate products of AD 
will depend on the nature of the 
process, the feedstock and any post 
treatment maturation. PAS110, which 
is known as the Quality Protocol for 
Anaerobic Digestate was published 

in its final form January 2009. Good quality products compliant with PAS110 and 
derived from source segregated food wastes are acknowledged to be of a sufficient 
quality for agricultural /horticultural applications and should now qualify for “End-of-
Waste” criteria compliance and produce an income stream for the plant operator.  
 
It is more common however, to assume a zero income for digestate when 
considering this aspect of AD Plant economic viability.  
 
AD plants vary, but so it is hard to generalise, but they are likely to produce a product 
which will count towards the government’s composting / recycling targets.  
 
If the digestate product has to be disposed to landfill in most cases it still counts as 
biodegradable municipal waste (BMW) under the Landfill Diversion targets and the 
residue will be subject to Landfill Tax if disposed to Landfill. Although this might 
possibly be avoided by using waste heat from the plant to reduce moisture contents 
in a form of bio-drying which may allow its declassification as a BMW, making it more 
acceptable for landfill disposal. 
 
Utilisation of waste heat (in a CH scheme) as well as electricity can be an additional 
source of revenue, however this is dependent on having accessible customer/s for 
the heat. The sale of electricity generated from the Biogas falls under the 
Renewables Obligation (ROCs) and receives preferential market value. Since, the 
introduction of Feed-in-tariffs in 2009, AD Plants have been eligible for this subsidy. 
 
Commercial scale AD plants for municipally derived green wastes, and food wastes 
are operating in Leicestershire, Devon, Shropshire (the DEFRA Ludlow, Greenfinch-
Biocycle) demonstration plant remains in permanent use without government funding 
assistance - fed with a high proportion of food waste), and on the Western Isles of 
Scotland, at Stornoway.  
 
(More information is available at the author’s www.anaerobic-digestion.com website.) 
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Composting 
 
Composting is a natural biological process in which organic material is broken down 
by the action of micro-organisms.   
 
Typical materials suitable for composting include, green waste and putrescible 
wastes with pre-sorting and screening to remove non-compostibles, plus other 
enriched organic waste streams (sewage sludge, agricultural, food processing 
wastes). 
 
The decomposition process takes place in the presence of air and results in elevated 
process temperatures, the production of carbon dioxide, water and a stabilised 
residue, known as humus.  A high degree of stabilisation can generally be achieved 
in 3-6 weeks, however further ‘curing’ of the humus is normally carried out.  For 
composting to occur in an optimum manner, five key factors need to be controlled; 
temperature, moisture, oxygen, material porosity and Carbon: Nitrogen ratio. 
 
Composting processes for municipal waste management primarily fall into two 
categories: windrow composting, for green, or garden derived wastes and in-vessel 
composting for both garden and kitchen/catering derived organic wastes.  
 

Image: A new In-vessel 
Composting Tunnel. (Image courtesy: 
Hytech-Water Ltd) 

 
Increasingly this generalisation only 
holds true in rural locations where there 
are no close neighbours. More and 
more, in-vessel methods are being 
adopted for odour risk reduction, and 
these methods can be completely 
successful in removing odour risk when 

adequate process aeration and controls, plus odour filters on all emitted air, are in 
place alongside the in-vessel infrastructure. 
 
Windrow composting is an established technology for dealing with green wastes in 
the UK, where the material is piled in elongated rows and aerated through either 
turning of the windrows or through air forced through the material. This may take 
place in buildings or externally. 
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Schematic of Inputs and Outputs of a Typical Windrow Composting 
process 

 
 
Typical capacity: 50,000 tpa (range 2,000 to 100,000 tpa) 
 
Land requirements: Approximately 2.5 Ha  to 5 Ha for 50,000 tpa, 

windrow management and additional space for 
curing and stockpiling.  Less required for In-
vessel composting and forced aeration systems. 

 
Capital costs: (2006 - 2008) Varies with size. For a more hi-tech 40,000 tpa 

plant the costs would range from £1.5m to £9m.  
Lower technology facilities and those of a 
smaller scale (eg on-farm) may have capital 
costs of less than £1m. (Assumes all mobile 
plant rented.) 

 
Operating costs: (2006 - 2008) Direct treatment costs will be in the region of £10 

- £45 per tonne for hi-tech, £14 - £25 per tonne 
for low tech facilities, costs varying with 
throughput and economies of scale.  This 
excludes the cost of separation or disposal of 
residues or un-saleable material. 

 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will 
vary depending on the size and the technology 
adopted. 

 

In-vessel composting embraces a variety of techniques whereby the kitchen or 
garden derived wastes may be composted in an enclosed vessel or tunnel. The 
advantage of these processes is that they are more controlled and can be designed 
to achieve specified temperatures to facilitate bacteria destruction (in accordance 
with the requirements of the Animal By-products Regulation). These technologies 
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have only had limited experience in the UK before 2004, but are rapidly increasing in 
number due to recent legislation. 
 

Schematic of Inputs and Outputs of a Typical In-Vessel Composting 
Process 

 
Typical capacity: 50,000 tpa (range 2,000 to 100,000 tpa) 
 
Land requirements: Less required for In-vessel composting than 

windrow systems, the larger scale (200,000tpa) 
may require 5 – 6Ha 

 
Capital costs: (2008) Higher than Windrow facilities, a 40,000tpa plant 

may have capital costs of £9-12m. Large 
systems (also composting with sewage sludge) 
~ 200,000tpa have been quoted at £35m 

 
Operating costs: (2008) Direct treatment costs will be in the region of £17 

- £45 per tonne. This excludes any potential 
revenue from sale of compost 

 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will 
vary depending on the size and the technology 
adopted. 
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Strengths and Weaknesses of Composting 
 
Strengths Weaknesses 

Can reduce volume of organic waste fraction 
of MSW by 25-50% 

Potential odour and leachate production, 
requires management 

Stabilises organic fraction of MSW Treats only the organic fraction of the 
waste stream (Green waste only for 
windrow, green & kitchen for in-vessel) 

Potential useable product, when PAS100 is 
used although market development is 
necessary for higher value materials 

Useable product specification and 
markets variable 

Potential of co-composting operations with 
other waste streams e.g. paper, sewage 
sludge 

Sensitive to cross contamination by glass 
and plastics, therefore requires careful 
source segregation or further post –
treatment 

May prove to be an important pre-treatment 
method under the EC landfill Directive 

Animal By-products Regulation issues 

Reduces organic wastes from landfill, which 
reduces the production of landfill gas and 
leachate. 

If landfilled may still count as BMW and 
be subject to active Landfill Tax 

 

Other Issues 
 
Composting only deals with the organic (garden & kitchen waste) element of the 
municipal waste stream. Composting facilities may suffer from similar Not-In–My-
Back-Yard (NIMBY) issues to other waste management facilities.  
 
Acceptance of green waste compost by the agricultural community is rising, and the 
same can also be said for the public through sustainable compost based products 
sold in supermarkets and garden centres. 

 
Image: In-vessel Composting Plant 
showing ventilation fans. (Image courtesy: 
Hytech-Water Ltd) 
 
The British Standards Institution’s 
Publicly Available Standard (BSI PAS 
100) for the production of high quality 
compost has been adopted by most 
green/ garden waste only composting 
organisations and the publication of this 
standard has helped to standardise and 

develop the market for compost materials.  
 
However, the increased regulation of composting, through the Animal By-Products 
legislation and other regulatory controls have increased the complexity and costs of 
composting operations in recent years. 
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Image: Compost in a single windrow 
 
The PAS100 compost quality standard 
only covers compost produced from 
green waste, not residual waste, so 
there are still difficulties for compost 
producers for any compost other than 
those green waste sources in finding 
suitable sites and applications in 
which that material can be used. 
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Materials Recovery Facility (Clean MRF)  
 
 A MRF is a facility at which 
components of a mixed waste 
stream, in this case of co-mingled 
dry recyclables are extracted by the 
use of mechanical separation 
techniques.  MRFs may be high 
and low technology facilities, 
depending on the sophistication of 
plant and equipment employed and 
the numbers of staff working in the 
operation of the process.  
 
There has been a steady increase 
in the numbers of Materials 
Recovery (or Recycling) Facilities 
in the UK as more separate 
recyclate collections have been 
introduced and overall recycling 
tonnages have increased.  
  
Materials Recovery Facilities 
employ a system of conveyors 
which carry the recyclables over 
sorting screens or other sorting 
mechanisms (e.g. inclined tables, 

air classifiers) which divide the components of the dry recyclates and these pass over 
magnetic and eddy current separators. They may incorporate advanced optical 
materials recognition equipment which can both remove the plastics suitable for 
recycling from the mixed waste conveyors and also separate out different types of 
plastics from the recyclate. There will typically be a significant element of hand-
sorting of materials in these plants in addition to the automatic extraction of materials 
as part of the separation process.  
 
During post sorting of materials there is a bulking and storage function of an MRF 
whereby balers are used to compress the recyclate into dense bales for transport as 
a recycled product to a materials re-processor. 
 
There will always be a minor rejection element of contrary materials passing through 
the plant which cannot be easily recycled and therefore will typically go to landfill. 
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Schematic of Inputs and Outputs of a typical Clean MRF 

 
Typical capacity: 3,000 tpa - 100,000 tpa 
 
Land requirements: 0.8 - 2 Ha  
 
Capital costs  Estimated costs £200,000 – £40M+ depending 

on complexity of the process and equipment 
employed 

 
Operating costs: Estimated £30 - £55 per tonne 
 
Staffing requirements: Vary greatly depending on the size and the 

technology of facility, anything from 15 to 85 
staff. 

 

1 
Tonne 
Input 

Material 
(source 

separated co-
mingled dry 

recyclables) 

 
Materials Recovery 

Facility 

(Clean MRF) 

 

Recyclable 
materials 800 – 

970 kg 

Reject fraction to 

Landfill 30 – 200 kg 



An Introduction to Waste Technologies 

 IPPTS Associates 2006-20012   January 2012    31 
  

Strengths and Weaknesses of Clean MRFs 
 

Strengths Weaknesses 

High processing efficiency Exposed to market fluctuations  

Potential for revenues from sale of 
materials 

Potential fire risk from storage of 
materials on site 

Recyclate generally of relatively high 
quality 

Relies on householders to participate 

Can significantly contribute to meeting 
high recycling targets 

Security of input materials required 

Proven under world-wide conditions Potential dust emissions and health 
issues for workers 

Can attract material from both bring & 
kerbside collection systems, including 
some commercial / industrial 

Reliance on efficiency of mechanical 
equipment 

Can provide work opportunities for all 
skill levels  

 

 

Other Issues 

 
Clean Materials Recovery Facilities are an important component of a modern waste 
management infrastructure. They are not required, however, where materials are 
sorted at the kerbside through split or compartmentalised recyclate collection 
schemes.  
 
The statutory recycling targets for England require considerable additional materials 
to be recycled and MRF capacity is being significantly increased in order to process 
these materials over the short to medium term. 
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Mechanical Heat Treatment 

 
Mechanical Heat Treatment (MHT) is a waste treatment technology which has 
been around for many years for Clinical Waste, but has in recent years been 
developed further and its size increased for treatment of MSW. This technology is 
also commonly known as Autoclaving.  
 
MHT involves a mechanical sorting or pre-processing stage with technology often 
found in a material recovery facility. The mechanical sorting stage is followed by 
a form of thermal treatment. This might be in the form of a waste autoclave or 
processing stage to produce a refuse derived fuel pellet. MHT technology is 
sometimes included within a Mechanical Biological Treatment plant.  
 
MHT (as the name might suggest) does not however include a stage of biological 
degradation (anaerobic digestion or composting). 
 
Different MHT systems may be configured to meet various objectives with regard 
to the waste outputs from the process. The alternatives (depending on the 
system employed) may be one or more of the following: 
 

• Separate an 'organic rich' component of the waste for subsequent 
biological processing  

• Produce a refuse derived fuel (RDF) to be applied in an appropriate 
process to utilise its energy potential; and  

• Extract materials for recycling (typically glass and metals, potentially 
plastics and the fibrous organic and paper fraction)  

 
 

  
Autoclave and Steam Plant - Estech Autoclave Pilot 
Plant CIWM Torbay Exhibition (Courtesy: Estech Ltd) 
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Pyrolysis & Gasification 

 
There are a wide variety of thermal treatment systems incorporating ‘advanced’ or 
‘emerging’ technologies for the treatment of municipal wastes. The most prevalent 
being Pyrolysis and Gasification processes. 
 
Pyrolysis, often incorporating gasification, is a thermal process where organic 
materials in the waste are broken down under pressure and in the absence of 
oxygen.  The process works best when the input waste is carbon-rich, preferably 
sorted or pre-sorted.   
 
Best results are obtained from single stream wastes such as sewage sludge, 
plastics, wood, tyres, or agricultural wastes.   
 
Where MSW is to be used it should be pre-sorted to remove the majority of the non-
organics and processed to homogenise the feedstock. The pyrolysis process 
produces a liquid residue and gaseous output which may be combusted to generate 
electricity.  
 
A solid slag is also produced which may require disposal or additional processing. 

 
Schematic of Inputs and Outputs of a Typical Pyrolysis Process 
 

 
 

Gasification operates at a higher temperature range with the addition of an oxidant 
(either air or oxygen) and the output from a pyrolysis plant may be fed into this 
process.  
 
Gasification of organic derived wastes will produce a gas which can be combusted to 
generate electricity and a char which usually requires disposal if no markets are 
available. 
 
 
 
 
 

1 Tonne 
Input 

Material 
(processed 
residual 
black bag 
waste) 

Emission to air, 
primarily CO2 & NOx  

Slag may be recycled, fed 
into a gasifier or disposed of 

to Landfill, 200 – 300kg 

Pyrolysis oil may 
be produced for 

Liquid Fuel 
 

Residues from 
Flue Gas 

Treatment to 
hazardous waste 

landfill, ~20kg 

 
 

Pyrolysis Plant 

Gas 
combusted 

in engines 
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Schematic of Inputs and Outputs of a Typical Gasification Process 

 
 

Theses processes are still at the development stage, with no full scale plants 
operating commercially in the UK.  European experience is limited and mixed. 
 
Typical capacity: Typically 20,000 tpa – 100,000 tpa (tend to be 

modular, so larger capacities may be achieved 
through multiples of facilities on one or more 
sites). One plant is larger at 225,000 tpa 
(Karlsruhe, Germany).   

 
Land requirements: Typically 0.5 – 1.75Ha for a 50,000 – 60,000tpa 

sized plant. 6Ha for 225,000t facility in Germany  
 
Capital costs: (2008) £19m - £93m for 100,000tpa plant (process 

dependent).  
 
Operating costs: (2008) Limited data available. Example from one 

system shows gate fee of £35 – 46 / tonne for 
RDF and processed MSW for a 60Ktpa plant, if 
supplemented by higher gate fee materials such 
as clinical waste. 

 
Staffing requirements: Staffing levels, including technical competence, 

management and administrative resources will 
be required and will vary depending on the size 
of the facility.  Typically 30 – 40 employees for 
plants of 60,000 – 200,000tpa 

 
 

1 Tonne 
Input 

Material 
(processed 
residual 
black bag 
waste) 

 

Emission to air, primarily 
CO2 and NOx  

Carbon Char and ash may be 
recycled, or disposed of to Landfill, 

170 – 300kg 

Residues from 
Flue Gas 

Treatment to 
hazardous waste 

landfill, ~20kg 

 
 

Gasification 

Plant 

Gas 
combusted 

in engines 
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Strengths and Weaknesses of Pyrolysis & Gasification 
Processes 
 

Strengths 
 
Weaknesses 

It’s Not Incineration! May suffer from the same negative 
perception as incineration, some evidence 
of this overseas, yet to be tested in the 
UK 

Qualifies for the Renewables Obligation for a 
substantial proportion of the feedstock 
processed 

Requires extensive pre-treatment to be 
able to handle MSW 

Efficient electricity generation through 
combustion of gas through engines 

Many processes will still have residues to 
be disposed of, some of which (from flue 
gas treatment) will be hazardous in nature 

Potential to recycle a large proportion of 
residues depending on the process 

Unproven on a commercial scale on MSW 
in the UK, patchy experience overseas 

High temperatures may make the system 
more flexible for other waste streams such as 
clinical 

More sensitive system than moving grate 
incineration technology 

Smaller units more acceptable and part of an 
integrated system 

More expensive (in terms of gate fee) 
than Energy from Waste 

Capable of being integrated with other 
processes such as the output from MBT / 
Refuse Derived Fuel (RDF) production 

 

 
 

Other Issues 
 

Key issues with regards to these ‘advanced’ thermal treatment technologies are: their 
relatively unproven performance on MSW; whether they will be perceived as 
‘incineration by another name’; and issues of cost and commercial application of the 
systems in the UK waste management market. 
 
There is considerable potential for these systems, if proven reliable, to act as 
components in integrated municipal waste management.  
 
It is thought that only one technology provider is providing design technology to UK 
government funded waste facility projects. 
 
These plants may prove themselves to be complementary in processing specific 
‘problematic’ waste streams or to link in with other pre-processing MSW facilities 
such as MBT, RDF manufacture or steam reformation processes.  
 
Their smaller scale makes them compliant with the proximity principle and should 
help in public perception and in gaining planning permission over larger facilities. 
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The efficient energy production aspects of the processes and the eligibility for 
Renewables Obligations Certificates (ROCs) are also positive characteristics of these 
facilities.  
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Plasma Arc for Waste Disposal 

Plasma arc gasification  

 
Plasma arc gasification is a waste treatment technology that uses high electrical 
energy and high temperature created by an electric arc gasifier. The energy from the 
electrical discharge breaks down waste primarily into elemental gas and solid waste 
(slag), in a device called a plasma converter. The process has been intended to be a 
net generator of electricity, depending upon composition input wastes, and to reduce 
the volumes of waste to being sent to landfill sites. The available spare energy is not 
likely to be as large a proportion as for EfW or AD, due to high parasitic energy 
demands from the electric arc gasifier. 
 
Relatively high voltage, high current electricity is passed between two electrodes, 
spaced apart, creating an electrical arc.  
 
Inert gas or air under pressure is passed through the arc into a sealed container of 
waste material, and temperatures as high as 13,871°C (25,000°F) are reached in the 
arc column. The temperature one meter from the arc can reach ~4000°C (~7,200°F). 
At these temperatures most types of waste are broken into basic elemental 
components in a gaseous form, and complex molecules are atomized - separated 
into individual atoms. 
 
The reactor operates at a slightly negative pressure, meaning that the feed system is 
complemented by a gaseous removal system, and later a solid removal system.  
 
Depending on the input waste (plastics tend to be high in hydrogen and carbon), gas 
from the plasma containment can be removed as Syngas, and may be refined for 
chemical conversion into a number of possible fuels at a later stage. 

 

Strengths 
 
Weaknesses 

Promises to be a cleaner process than 
incineration. The extremely high temperature 
is thought to ensure complete removal of all 
complex molecules, so very few if any 
residues to be disposed of (from flue gas 
treatment) 

Unproven on a commercial scale on MSW 
in the UK, patchy experience overseas 

Should qualify for the Renewables Obligation 
for a substantial proportion of the feedstock 
processed 

May require extensive pre-treatment to be 
able to handle all MSW 

Efficient electricity generation through 
combustion of syngas through engines 

More sensitive system than moving grate 
incineration technology 

High temperatures may make the system 
more flexible for other waste streams such as 
clinical 

More expensive (in terms of gate fee) 
than Energy from Waste 

Smaller units more acceptable and part of an 
integrated system 

 

Capable of being integrated with other 
processes such as the output from MBT / 
Refuse Derived Fuel (RDF) production 
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Co-incineration 
 

When a waste stream is combusted in an industrial or power plant as a substitute 
fuel, this is known as Co-incineration. This will still be subject to the requirements of 
the Waste Incineration Directive, although there has been discussion by the UK 
government regulator (EA) of relaxed regulatory regime for these processes.  
 
Examples of waste streams co-incinerated are Refuse Derived Fuels, waste tyres 
and secondary liquid fuels (oils, solvents).  
 
These may be combusted in Cement kilns or power stations. This has the advantage 
of being classified as ‘recovery’ by the European Commission and therefore will 
count towards recovery targets such as those within producer responsibility 
legislation.  
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Other Pre-treatment Options for Residual Waste 

 
There are a variety of pre-treatment options for residual waste in order to facilitate 
stabilisation, homogenisation or separation. Indeed many of the waste treatments 
described are partially or primarily waste treatment processes prior to a further waste 
management application (e.g. RDF, MBT). Examples of other pre treatment systems 
available include:- 
 

Steam reformation processes.  

These are where the wastes are subject to autoclaving or steam 
processing. This helps sanitise and reduce residual MSW to a ‘flock’ like 
material, with metals and glass partially cleaned for extraction as 
recyclables, but may melt plastics making these more difficult to recycle. 
The residual material may be thermally treated as a type of RDF. 
 

Pulverisation / mechanical separation.  

Examples include Ball Mills where wastes are pulverised by the action of 
metal balls to facilitate later processing and separation into usable fractions 
(Leicester example). Other techniques include the use of Dano Drums 
which rotate and break down the waste mass. Pulverisation may also be used 
in RDF manufacture (see overleaf) 

 

The Dano Drum 

The Dano Drum is a proprietary waste pulverisation system, based upon a 
rotating drum which was one of the first popular waste treatment 
technologies, emerging during the 1990s. In their words it is a "horizontally. 
mounted, rotating steel cylinder which automatically. shreds, mixes and 
homogenises the refuse". In many cases the organic fraction from the 
drum is composted. 
 
The Dano Drum is a system known to all 
those engineers which have been 
involved in the waste processing 
technology scene for some years. The 
system is still often used (about 9 plants in 
the UK), but the high profile it once held 
has been lessened by the wealth of new 
technologies which have emerged over 
the past few years. 
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When the system emerged more than 20 years ago it was viewed as a 
technology for organic fraction separation, however, with increased 
recycling this process has become just one element within the more 
process intensive array of technologies 
now being installed as part of many 
modern MBT, and MRF Plants, which 
now also process the non-organic 
fraction. 
 
The original Dano Drum is provided by 
Seghers Keppel who design,  
manufacture and install a variety of 
waste treatment systems, including in-
vessel composting.  
 
This specialised pre-processing equipment, was developed in Europe and 
is being used in the largest plants world-wide. 
 

Ball Mill 

 
A ball mill is a mechanical device used to pulverise, crush and break open the 
incoming waste. It reduces the particle size of the waste and it is used to improve 
treatment where a small particle size is needed for processing efficiency, such as 
prior to anaerobic digestion. 
 
A type of grinder, as used in the waste industry it is a cylindrical "drum type" device 
which is rotated about a horizontal access. 
 
Ball mills rotate while partially filled with the waste material to be ground plus a 
grinding medium (the "balls). An internal cascading effect is created by the rotation 
which reduces all non-plastic materials to a powder. Waste processing plant ball mills 
usually operate continuously, fed at one end and discharged at the other end.  
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Refuse Derived Fuel (RDF) 
 
The production of Refuse Derived Fuels involves the mechanical processing of 
household waste using screens, shredders and separators to recover recyclable 
materials and to produce a combustible product.   
 
Systems involve the removal of inert and compostable materials followed by 
pulverisation to produce a feedstock which can be incinerated in power stations, 
pyrolysis and gasification systems, co-incinerated (see previous sections) in other 
industrial combustion processes or fluidised bed plant / EfW. 
 
Although MSW RDF plants have been technically proven in the UK, a number of the 
plants were constructed in the 1970s to early 1990s, have reached their design lives, 
and were closed in the first decade of the century.  However a more recent new 
development incorporating RDF is the Neath Port Talbot integrated waste 
management development and there has been a resurgence of interest in this area 
due to the Landfill Diversion targets of the EC Landfill Directive and the enhanced 
interest in residual waste treatment technologies such as MBT, which may be 
configured to produce RDF. 
 
The Byker plant in Newcastle Upon Tyne was an early example. It was designed to 
process MSW at a rate of 1,700 tonnes per week and comprised the following 
components:- 
 
• primary pulveriser; 
• rotary screen; 
• air classifier; 
• secondary shredder; 
• pelletizer for RDF. 
 

Strengths and Weaknesses of RDF Units 
 

Strengths 
Weaknesses 

Integrated – offers front end recycling 
activity, with energy recovery of balance 

Requires secure markets for fuel e.g. an 
industrial estate with an installed 
combustion plant to burn this fuel 

Organic fraction can be recycled aerobically 
(composting) or anaerobically (by AD) 

RDF is in competition with other fuels, but 
loses out as it is classified as a waste 

If densified, RDF can be stored for 
extended periods (coarse RDF is more 
suited for direct on-site use and cannot be 
stored)  

Processing involves high electrical power 
consumption and maintenance 

RDF can be processed to half the calorific 
value of coal 

Poor UK operating experience of older RDF 
plants including reliability and air pollution 
control 

Lower level of heavy metals in the RDF Fuel production space required 

RDF can be co-fired with other fuels in a 
variety of industrial boilers 

RDF can cause more damage to boilers 
and pipework than other fuels 
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Waste Technologies and Jobs 
 

The number of jobs in the waste technology sector is growing, and will continue to 
grow despite the poor global economic outlook at the time of writing (December 
2011).  
 
The waste management sector used to described as a “Cinderella profession”. It 
employed remarkably few people for the role it carried out, and the jobs that existed 
were mostly seen as fairly menial and repetitive, and did comprise of mostly waste 
collection and landfill operatives. So, those that worked in the industry sometimes felt 
that society offered then little respect, and those that studied hard and received 
industry qualifications found that few recognised the high degree of skill they 
represented. 
 
That is not how it is anymore! 
 
Both roles, still exist but are in the minority and have become increasingly 
sophisticated with collection rounds now requiring their operatives to take an active 
role in the selection of waste, in order to ensure efficient recycling, and operating 
highly technically developed refuse collection equipment. 
 
Beyond those “traditional” roles, the types of jobs available in this sector are as 
diverse as the processes themselves, and that is as wide as you can imagine. So, 
you can expect to see opportunities in jobs requiring little or no qualifications to jobs 
at the highest levels of scientific and technical skills. 
 
These range from the substantial requirement for “hand conveyor  picking“ labour for 
the pre-sorting of certain recyclables from the passing waste stream, to highly 
qualified and experienced waste treatment plant engineers and scientists involved in 
the design, construction, commissioning and operation/ maintenance of waste 
process plants. 
 
If you enter the industry you will undoubtedly be impressed by the potential for 
personal development, which to be fair to other industries will always be easier for 
employers to provide in growth industries like the waste management industry. Within 
that the number of jobs and diversity of employment roles in the sub-sector of waste 
process technology provider companies, is growing the fastest. 
 
Many of these companies, being young and run by innovators give new recruits a 
much better opportunity to develop their own jobs as these businesses expand, than 
do the more established industries. On the downside though job security may not be 
as good as with more established companies as the newer process ideas being 
developed into products by many companies do regularly fail to make it from “pilot 
plant” and “demonstration plant” stages into becoming what the industry calls “market 
ready”. Market ready is an accolade used at which point companies stand a fair 
chance of attracting the incorporation of their systems into government funded 
projects, but until companies develop their products to the stage and have a number 
of successful working installations using their technology, there are many business 
failures. 
 
For anyone considering a career in waste management, and especially within the 
sub-sector of the waste technology companies you should be encouraged to look 
deeper into company viability that you might elsewhere. For example, whenever 
researching a potential waste management company to work for, do find out at 
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interview stage, if not before, how well established the organisation is and whether 
their products are “market ready” and “tried and tested” in full scale installations.  
 
Some companies do tend to portray their organisations as more well-established 
than they are in reality, and that’s understandable as who will have faith in a 
company that doesn’t have faith in itself?  
 
Potential recruits should bear this in mind, however, the waste process industry is still 
young enough that you could also in such circumstances be joining the company that 
becomes the “next best thing”, with a cutting-edge waste system which grows and 
develops with you. 
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Recent Developments in Waste Minimisation and 
Diversion 
 

While the waste technologies have been being developed, the greater focus on these 
materials streams has brought the realisation that in many cases that by applying 
some ingenuity one person's waste can be another's raw material. 
 
One concept spreading across Europe, and we are told as far afield as China, is 
"industrial symbiosis". The idea behind this is to put companies in touch with one 
another so that one's waste becomes another's raw material. If you think about it for 
not very long at all the biggest saving on disposal costs and environmental impacts 
from that will come from this route, and the second come for procurement and saving 
raw materials.  
 
Starting in the UK in 2005, financed by the national landfill tax, it has been claimed 
(in 2011) that industrial symbiosis has already diverted 35 million tonnes of waste 
from landfill and saved 30 million tonnes of carbon dioxide (equal to 4% of UK 
industrial emissions) in its first five years of operation. What is also quite surprising is 
that the 14,000 companies involved have reportedly saved over €1.1 billion. 
 
Industrial symbiosis is a great way of closing the loop between manufacture, 
consumer ownership and recycling, and developing this further is should be a major 
the objective of all nations.  
 
The carpet industry, for example, is being encouraged to retain ownership over the 
carpets it 'sells' to businesses, replacing them when necessary, and recovering and 
recycling the materials at the end of a carpet's life. The ultimate goal in resource 
efficiency, and emission savings, is to minimize the amount of material used in the 
first place.  
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The Newest Waste Technology of All? 
 

There is an increasing trend toward all manufacturers being required by government 
to take responsibility for disposing of their own products at the end of their useful 
"lives". This is most clearly embodied in the EU Waste Electrical and Electronic 
Goods Directive (WEE). This means that manufacturers will seek to maintain their 
competitive edge by producing products which are easily and cheaply disposed of. 
The easiest and lowest cost disposal is not to dispose of waste at all, but to minimise 
ever producing the waste, and re-use in another product is the best way for them to 
achieve this. 
 
In the future all products should be designed with a first, second and even third life in 
mind. In fact this is already happening, and the most publicised area where this is 
occurring is within the automobile industry where by advertising the ease in which a 
model will be recycled and re-used at the end of its useful life is being used to sell 
cars to environmentally conscious buyers. 
 
So, is the newest waste technology of all nothing like the technologies in this eBook?  
 
The newest waste technology is the technology to implement easily re-
usable/recyclable products? 
 

Waste Technologies In Context  
 
Diverting waste from landfill requires a large investment in alternative disposal 
methods, whether that is in: 
 
• governments facilitating waste avoidance,  
• materials re-use,  
• recycling,  
• incineration (with energy recovery),  
• composting (which is the easiest and lowest overall cost waste technology 

available), 
or  

• any one of the other technologies we have described . (These often require 
separate waste-collection systems and always require financing.)  
 
Of course, none of these technologies remove the need for some landfill capacity, 
and as we have seen, each technology produces a proportion of residue which can 
only be sent to landfill.  
 
In especially the more recent states to join the EU in Eastern Europe, EU 
government money is still funding new landfills, and not recycling plants. This is 
understandable as the first priority will normally be to engineer a nation's landfills to 
prevent them harming the local environment. Such landfills also must comply with the 
EU Landfill Directives and have a lining to their bases which renders them safe from 
the leakage of leachate (waste contaminated water) into groundwater including water 
supplies, and once full they must be covered with a sealing membrane as well. 
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In the US the law on waste and practices vary widely. An increasing number of states 
are following routes which are close to those in Europe, while others are less 
advanced. 
 

What These Waste Technologies and Better Waste 
Management Can Achieve 
 

A study by the Organisation for Economic Co-operation and Development (OECD) 
finds that over half of a country's greenhouse-gas emissions can be attributed to 
materials management activities. This means activities related to the production, 
transport, consumption and disposal of goods. Looking at life-cycle emissions per 
material, rather than per industrial sector (for example, steel, cement), could help 
deliver emission reductions across the economy. 
 
The OECD has found that across all the regions studied, waste minimization and 
recycling are the most effective carbon abatement options. In other words, they 
deliver the greatest reduction in greenhouse-gas emissions per tonne of municipal 
solid waste diverted. Other actions, such as increased energy recovery from 
capturing landfill gas and incineration waste processing, can deliver bigger absolute 
reductions, but are less impressive per tonne. So, they are best applied to waste that 
can't be avoided or recycled. 
 

If all the available options and 
technologies were deployed, OECD 
nations could cut their greenhouse-
gas emissions by 2030 on a scale 
similar to their total annual landfill 
emissions today, the OECD has 
calculated. 
 
The real and very substantial 
benefits of recycling and better 
waste management using these 
waste technologies are clear, in 

terms of climate impact, energy use and in the long term to our standard of living.  
 
The aluminium sector, for example, has estimated that it could cut its energy bill, and 
associated emissions by 90% if it used only recycled rather than virgin aluminium.  
 
In Germany, and other EU countries, the secondary-raw-materials market is the 
fastest growing sector of the past 15 years. If all EU member states recycled nearly 
two-thirds of municipal waste as Germany does, another 150 million tonnes of carbon 
dioxide could be saved, he adds. And half a million new jobs could be created. 
 
Policymakers everywhere are testing out various new ideas to increase recycling. 
One idea in France is to make companies pay for unsorted waste rather than 
incineration or landfill. This would encourage sorting, a pre-condition for recycling. 
Germany expects to pass a law by the end of the year to extend the current recycling 
volumes collected. Germany and UK regional governments are also investigating the 
idea of separately collecting household biowaste to be able to feed it into biogas 
plants. 
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Conclusion 
 

The rubbish we throw away contributes only 3-5% of the global greenhouse-gas 
problem at the moment, but it could be a substantial part of the solution, according to 
the International Solid Waste Association, which argues that better waste 
management could deliver up to one-fifth of the European Union (EU) s 20% 
greenhouse-gas emission-reduction target for 2020 (ref. 1). Waste management 
firms want policymakers at the United Nations climate negotiations in Durban, this 
December, to recognize this mitigation potential and to consider better management 
of materials throughout their life cycles. 
 
Although, until recently it was not realised, the waste disposal problem has been 
above all a landfill problem.  

 
Image: Quirky 
architectural 
features at the 
Spittelau 
Fermwarme 
incinerator, 
Vienna 
 
Every time 
materials are 
placed in landfill, 
they must be 
replaced with raw 
materials won 
from finite global 
resources, but 
even landfills built 
to the full 

requirements for sanitary Landfilling (and in compliance with with the EU Landfill 
Directives) are cheap methods of waste disposal when looked at in isolation and 
compared with the use of the alternative waste technologies. So, unless 
governments act to artificially raise landfill costs everyone will use them. 
 
 
Another problem with landfills is that when waste goes to landfill, the organic 
component is attacked by microbiological organisms that produce methane. That is a 
greenhouse gas and it is 25 times more damaging as a global warming gas than 
carbon dioxide.  
 
Something like half of all EU waste went to landfill in 2008, and from that fact, and 
assuming that no more than about 50% of the methane can be extracted and burnt in 
landfill gas EfW Plants, Dr Barbel Birnstengel, a senior researcher at Prognos AG, a 
Swiss consultancy, has calculated that using the waste technologies we have 
described could deliver up to one-third of the EU's 2020 emission-reduction target. 
 
The proportion of national waste going to landfills throughout the EU and many US 
states is now reducing quite rapidly, and this owes a lot to the implementation of the 
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waste technologies described here. So, a lot of that benefit is starting to flow from the 
use of these waste technologies, and there is much more that can be done. 
 
Virtually all of the waste technologies we have described have only been the subject 
of really large investment since the middle of the last decade, (apart from Germany 
and France, and some Scandinavian countries where they started investing much 
earlier). However, the benefits are now becoming apparent. 
 
That this investment began is because in 1999 the Landfill Directive (a new EU law) 
was passed which introduced targets to reduce biodegradable municipal waste going 
to landfill and this, complemented by waste prevention and recycling goals, has 
underpinned impressive emission reductions from waste in Europe. 
 
In Germany, the waste sector delivered one-quarter of the country's greenhouse-gas 
emission reduction from 1990 to 2010, says Peter Kurth, President of the German 
Waste, Water and Raw Materials Industry Association. The European Environment 
Agency itself has calculated that better municipal waste management saved the EU, 
Norway and Switzerland 48 million tonnes of carbon dioxide equivalent annually from 
1995 to 2008.  
 

If all countries meet their landfill diversion 
targets, another 62 million tonnes could be 
saved by 2020, the European Environment 
Agency says. 
 
However, there is a big question mark over 
whether all countries will meet their targets. The 
enforcement of this law varies greatly within the 
EU nations and in many is often poorly 
enforced. This is the case especially in the new 
member states, despite these states being 

given additional time to catch-up with the rest. 
  
However, for society to fully "clean up" its act on rubbish, there must be a real 
change in the way we think of our rubbish. We really have got to stop "wasting our 
waste". For this to happen "waste management must become “resource” 
management". 
 
Throughout the media, and even among waste professionals, there are always those 
that paint a negative picture on all challenging endeavours, and the range of views 
held on implementation of these waste technologies is no different. But, the balanced 
view is that overall the waste management industry is very substantially and 
successfully: 
 
• reducing the quantity of waste going to landfill, and  
• recycling materials, and  
• using all the other methods by which this is being achieved,  
 
The ultimate measure of this success is already to see around us in the countries 
and states where this investment is happening, because these activities are 
becoming just a normal part of all our industrial enterprises. 
 
The incentives in many nations such as the UK, Germany, France and a fair number 
of US states as well, are building new materials markets which are becoming 
increasingly important, and profitable, alongside their raw materials counterparts.  
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At the present rate of development it will not be too long before the use of the waste 
technologies described in this eBook become so commonplace that waste ceases to 
be thought of as waste, and we will see all "waste management organisations" 
renaming themselves as "resource managers" and just plain secondary materials 
processing businesses. 
 
___________________________________________________________________ 
 
  
To send feedback on this eBook and any suggestions for 
the next edition email steve@waste-technology.com . 
 
For more information on the developing waste technology 
scene visit our website www.waste-technology.com and for 
anaerobic digestion visit www.anaerobic-digestion.com . 


