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Method for processing waste and waste processing plant

The 1nvention relates to a method for processing waste, in particular for utilising

the recyclable material contained in waste.

The mvention also relates to a waste processing plant, in particular a plant

processing waste fractions suitable for recycling of material.

Conventionally, the options available in waste disposal and processing have been
transport to landfill sites, incineration in mass incineration plants and — to a
limited extent — recovery of recyclable materials. The last-mentioned option
generally requires separation of wastes at source wherein recyclable waste
fractions, such as, biowaste, paper and board, glass and metals are separated and

collected separately. However, source separation is always insufficient, which

means that the amount of mixed waste is now, and will also be in future,

considerable.

The form of energy recovery that has become popular recently is one in which
recovered and/or refuse-derived fuel (REF, RDF) processed from waste is burned
either in conventional boilers together with other fuel or as the main fuel in
combustion plants specially designed for recovered/refuse-derived fuel. The
wastes most suitable for energy recovery include packaging, paper and plastic

wastes from industry and commerce as well as construction wastes, which can
constitute as much as 70 to 80 % of the amount of waste usually transported to

landfills. Dry household waste can also be used in the production of energy

provided that, among other things, metals, glass and biowaste have been separated

from it first.

RECORD COPY TRANSLATION (Rule 12.3)
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Most economically, recovered fuel is produced from a source-separated
combustible waste fraction, i.e. the so-called energy fraction of waste. The
processing stages of this REF fuel (recovered fuel) typically include removal of

oversized pieces, crushing of waste, separation of metals as well as removal of

sand and stones. Finished REF fuel contains predominantly plastics, wood, paper

and board. The proportion of impurities in the fuel may be, for example, of the
order of 5 % depending of the sorting process. Recovered fuel can also be
produced from unsorted mixed waste by mechanical handling processes, in which
case the end product is called RDF fuel (refuse-derived fuel). A difference with
respect to the handling of source-separated waste is constituted by a more mixed
composition of the waste raw material, which is mainly shown as a higher
biowaste content. Consequently,a more sorting stages are needed in the production
of RDF fuel than at an REF plant, for example, gravimetric separation stages, i.e.
sorting stages based on {the size and density of particles, whereby heavy matter,
such as food scraps, can be efficiently separated from the fraction intended for
combustion. The composition of finished RDF fuel is very much like that of REF
fuel, but the proportion of impurities in it can be slightly higher, for example, of

the order of 8 %.

Energy recovery from waste should not be an end in itself, but rather aim for
sensible macroeconomical reclamation of wastes or for making them harmless. In
all reclamation of waste, the primary object should be the recovery of materials
contained in waste when it is economically profitable and, only secondarily,
utilisation of waste as fuel. Landfilling should be the very last option.

Waste wood collected separately has been used to some extent as raw material in
the manufacture of particleboard and fibreboard. The manufacture of panelboard
products from waste wood requires careful cleaning, screening and sorting of raw
material. On the other hand, no one has as yet come up with the original idea of

recovering waste wood from mixed waste or from the energy fraction of waste.
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As 1t 1s now, the degree of recycling of paper fibres is low n many areas, but
increasing pressures steer towards enhanced recycling and replacement of virgin
fibre material with recycled fibres to an ever-increasing extent. Part of good
quality fibre (e.g. packaging waste) often ends up among mixed waste, from

which 1t is difficult to collect and/or recover it by the current methods.

WO application publication 98/18607 describes a process for freatment of waste
that contains recyclable components, in which process waste is agitated in water
employing mechanical force, whereby the size of pieces in the waste is reduced
and fibres are suspended in water. The heavy fraction containing metals, the
lightweight fraction containing plastics and the fraction containing fibres are
separated from the suspension in stages. The process 1s itended for treatment of
packaging waste which contains different plastics and mixed materials, in
particular board lined with plastic and/or metal foils, and metal cans. The fibre
content of this kind of raw material 1s generally relatively low, wherefore the
special problems associated with the recovery of fibres and with the quality of
pulp have not been taken mto consideration to a sufficient degree in the process.
The publication also fails to disclose any solution to such substantial problems as

meeting of energy demand and circulation of process waters.

The recovery of fibres from waste 1s also discussed, among other things, in GB

patent 1,364,474 and in published GB application 2,026,019.

It 1s a general object of the invention to make it possible to utilise the recyclable
components contained m waste in an efficient and economically profitable
manner. It 1s also an object of the invention to provide a waste processing concept
which maximises the reclamation of materials within ecdnomic limits and which

1s also advantageously self-sufficient in its energy consumption.

With a view to achieving these objects, the method according to the invention is

characterised in that which 15 set forth in the characterising part of claim 1.
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Similarly, the waste processing plant according to the invention is characterised in

that which is set forth in the characterising part of claim 7.

In the method according to the invention, waste 1s pre-treated first to remove any
undesirable matter. For this it is possible to use, for example, techniques known
from the production of recovered/refuse-derived fuel in which waste 1s crushed
and sorted and metal, stones, biowaste and the like are removed from 1t. After
that, fibre waste is separated from the other waste and processed into a raw
material for paper or board by using techniques known m themselves. Plastics-
containing matter is separated from the waste and processed mnto plastic o1l by
thermal heat treatment, i.e. by pyrolysis. The by-products from the processes and
the residual waste fraction from the processing of waste are used as an energy

source when energy is produced for the needs of different process stages.

The waste "processing plant according to the invention comprises:

- devices for removing undesirable matter from waste,

- devices for separating a fibre fraction from the other waste and devices for
processing it into a raw material for paper or board,

- devices for separating a plastics fraction from the other waste and devices for
processing it into plastic oil as thermal heat treatment in a pyrolyser, and

- devices for producing the energy needed in the different processes of the
waste processing plant, which devices have been arranged to use as fuel the
by-products which have been produced in the different process stages and the

waste fraction which remains of the processing.

Energy and in particular heat energy are needed, for example, in the following
process stages: slushing of waste carried out at elevated temperature; pressing

and/or drying of pulp, paper or board; drying of crushed wood intended for raw

material of particleboard; drying of plastics fractions before a pyrolyser; drying of

waste sludges before combustion, etc. Among other things, a fluidised bed boiler
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or a gasification reactor placed in connection with a botler may be used as

equipment in energy production that makes use of waste materials.

The treatment of waste can also include 2 stage in which waste wood 1s separated
from the other waste and processed into a raw material for particleboard or
equivalent, In that connection, the treatment may include separation of a wood
fraction containing undesirable materials from the other wood fraction. By this
kind of separation is meant the chemical or physical separation of wood fractions
that contain organic chlorine components or heavy metals or volatile organic
components (VOC). The waste wood obtained from separators 1s passed, for
example, to a fluidised bed boiler which has been provided with equpment for

cleaning flue gases as required by the EU waste incineration directive.

Advantageously, PVC plastics are separated from the plastic fraction of waste
chemically or by a chemical classifier, such as an NIR near-infrared classifier, in a
so-called PVC separator before the plastics are processed into plastic oil. Unlike,
for example, polyethylene, good quality fuel oil is, as known, not obtained from
PVC in thermal treatment, but, its presence in the plastic fraction would
substantially reduce the yield and quality of product oil. PVC plastics can be used
as mixed fuel in energy production, in which connection chlorine emissions are

prevented by means of cleaning devices provided after the boiler.

An abundance of water is needed in the various processes of the waste processing
plant and in particular in recovery and further processing of fibres. To reduce the
consumption of fresh water, the used waters of the waste processing plant are
recovered, treated and returned to circulation. In the treatment of fresh water 1t 1s

also possible to use an evaporation technique which takes mmexpensive heat energy
from the fluidised bed boiler.

From the point of view of waste incineration capacity and materials recycling

targets, it is advantageous to recover the fibre, plastics and possibly also wood
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fractions which are contained in recovered fuel and which are suitable for
recycling. In the invention, this is accomplished by integrating certain stages
which belong to the process of manufacturing pulp in a paper mill, to the process
of pyrolysing plastic oil and possibly also to the process of manufacturing
particleboard with a conventional waste processing plant that produces
recovered/refuse-derived fuel. Because of the invention, a larger portion of waste
material than before can be recycled instead of incimeration, and the energy
required by the manufacturing processes is produced by combusting waste. If
inexpensive, purchased energy, for example, in respect of electricity can also be

partly relied on in the manufacturing processes.

The concept according to the invention is very suitable for processing source-
separated dry waste coming from commerce, industry and a municipality, but by
increasing the number of pre-treatmenf stages 1t can also be applied to the
treatment of unsorted mixed waste. The method makes 1t possible to recycle new

waste fractions that would otherwise be either passed to energy recovery or
landfilled.

In the following, the invention will be described with reference fo the appended
figures, to the embodiments of which the mnvention 1s, however, not meant to be

narrowly confined.

Figure 1 shows the principle of a waste treatment process in which recyclable

fractions are separated from waste material for further processing.
Figure 2 shows recovery of fibre from waste in greater detail.

In the first stage 1 of the waste treatment process, waste 1s passed to treatment
stages known from refuse-derived fuel production plants, in which stages the
waste 1s crushed and metals are removed from 1t by means of magnetic separators

and eddy current separators. The crushing stage may be preceded by removal of
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oversized pieces and/or by optical sorting. Glass, stones, biowaste and other
similar impurities are separated by means of appropriate mechanical and
gravimetric classifiers as far as possible as separate fractions, whereby they too
can be included in materials recycling. The treatment of mixed waste may require
a higher number of and more efficient sorting and cleaning stages than the
treatment of source-separated energy waste, but by means of the known

technology it is also possible to process mixed waste into refuse-derived fuel.

After pre-treatment, the waste is passed in the example of Fig. 1 to wood
separation 2, from which the separated wood material 1s passed to a process 6 for
further processing of the waste wood. The waste fraction rich in plastics and paper
is passed further to a pulper station 3, in which the fibre material contained in the
waste 1s suspended in water and separated so as to be passed to paper fibre
processing stages 7. The recovery of fibres is described in greater detail in
connection with Fig. 2. After separation of fibres, the waste stream is passed to
plastics separation 4, from which at least some of the plastics are passed to
pyrolysis treatment 8, in which pyrolysis o1l is produced from waste plastics.
After separation of recoverable fractions, the remaining waste stream portion as
well as the rejects produced as by—-producté in the different process stages are
advantageously used as fuel in the energy production of the plant. If the refuse-
derived fuel type of combustible end product is produced 1 an amount 11 €Xcess
of the need of the plant, it may also be supplied to outside users. Alternatively, the

plant can sell out extra energy.

In an energy production unit 5 arranged in connection with the waste processing
plant, dust, sludge, reject and the like generated as by-products in the different
processes are combusted and energy is produced for the needs of the different
process stages. The possible sites of use of heat energy include, among other
things, slushing, the drying of pulp, paper or board, the drying of wood chips, and
the drying of plastics waste before the pyrolyser. For example, a mass incineration

plant, a fluidised bed boiler, a gasifier in combination with a pulverised fuel
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boiler, or a cement kiln which is at the same time capable of utilising the ash
produced in connection with waste combustion as raw material for cement, can
operate as the energy production unit. One further alternative worthy of
consideration 1s recovery and use of the ash produced in waste combustion as a
filler in the manufacture of paper. The cleaning of flue gas 1s accomplished in
accordance with the EU waste incineration directive, as known, for example, by

means of bag filters and scrubbers using additional chemicals.

Although 1 the example of Fig.1, wood, fibre and plastics are separated in
successive process stages from the fraction passed to combustion, all of these
stages are not necessary, but the method can also be carried out such that only one
or two of the above-mentioned recyclable fractions is/are separated from waste
and all other waste is used as fuel in the production of energy. Depending on the
composition of waste, 1t may be, for example, advantageous that the wood
separafion stage 1s by-passed and the wood 1s allowed to be passed to combustion
together with the rejects produced i the process. From the point of view of
optimising the pyrolysis process, 1t 1s advantageous to avoid passing wood
material so as to be mixed with the material to be pyrolysed. The order of
separafion of the recoverable fractions may also differ from that shown in Fig. 1,
for example, so that both wood and plastics materials are already separated at least

partly before separation of fibre material.

Fig. 2 shows a fibre recovery line which can be used for accomplishing the
operations of the pulper station 3 and the paper fibres processing line 7 shown n
Fig. 1. The pulper station 1s supplied with pre-treated waste, from which wood
material and plastics may already have been removed. The waste is slushed 1n a
continuous-operation high-consistency pulper 10, advantageously at a temperature
of about 60 °C. A material stream P, containing fibres suspended 1n water and a
material stream R; containing non-defibrable waste are discharged substantially
continuously from the pulper 10. A screw conveyor 22 moves the reject fraction

R; from the pulper 10 into a combined washing and drying drum 24 of the reject.
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The reject 1s washed by means of circulation water Wy both on the screw
conveyor 22 and 1n the washing drum 24, and in order to improve the yield of

fibres, washing waters F are returned to be mixed with the main stream P; of fibre

pulp.

The fibre suspension P taken out of the pulper 10 through a screen plate is passed
to coarse screening 12, in which coarse impurities R, and sand S; still remaining
in 1t are removed from 1t. The diameter of holes i the screen plate of the pulper
10 1s 8 — 12 mm and most advantageously about 10 mm. In the coarse screening
12 of pulp, screen plates are used in which the diameter of holes 1s 2 — 4 mm and

most advantageously about 3 mm. A correctly selected hole size is important in

order that, on the one hand, the screen shall not retain an excessive amount of
fibres and, on the other hand, centrifugal cleaning 14 provided after the coarse

screening 12 should function sufficiently well.

In the centrifugal cleaning stage 14, mainly sand and other heavy materials S; are
separated from coarse-screened pulp P,. After the centrifugal cleaning 14, pulp P;
1s passed to a fine screening and/or fractionating stage 16, from which accept Py is
passed to pulp washing and/or thickening stages 18. In the last processing stage
20," washed pulp Ps 1s compressed to a dry matter content of about 50 % and
packed 1n transport containers for transport to a customer. Alternatively, the last
stage 20 of the recovery line may include the drymg of pulp to a dry matter

content of about 90 % or its transfer as wet to an adjacent paper or board machine.

Slushing reject Rj; washed by means of the conveyor screw 22 and the reject
drum 24 1s passed to dewatering 26, which can be accomplished, for example, by
means of a screw press. The reject Ry from the coarse screening 12 is processed
together with the reject Rj; coming from the slushing process. After mechanical
dewatering, all rejects R can be passed to combustion or, alternatively, the coarse

rejects Rz, Ry can be passed to the plastics separation 4, as shown 1n Fig. 1, In
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which connection only reject Ry from fine screening and sludge R4 ifrom

clarification of waste water are passed directly to combustion.

The rejects R3 produced in the fine screening and/or fractionating 16 are passed to
dewatering 30, which can be accomplished, for example, by means of a drainage
band press, after which the rejects are most advantageously passed to combustion.
As there is an abundance of 1nexpensive fibre raw material available and there
exists a sensible site of use for the rejects, 1n the recovery of fibres, the yield of
fibres 1s not necessarily sought to be maximised, as 1n conventional recycling
processes, but the quality of fibres can be optimised in 1t. Thus, the fine screening
16 of pulp can be enhanced and the amount of the reject R3 can be increased as
compared with conventional fibre recovery processes. Disposal of the increased
reject volume presents no problem because said reject R3 can be combusted in the

energy production unit 5 of the waste processing plant.

Heavy sand-containing waste fractions S; — S; are separated in the reject drum 24,
in the coarse screening 12 and centrifugal cleaning 14 of pulp, and water is
removed from these fractions in a processing stage 28, after which sand S can be

transported to a landfill site or used as earth filling.

The waste waters from the recovery line of fibres, which are, on the one hand,

filtrates W, — W3 separated from the rejects Ry, Ry, R3 and sand S, S, S3 and, on
the other hand, filtrates W4 — W5 derived from pulp washing and/or thickening 16
and pulp compression 20, are passed to a clarification stage 32, from which the
sludge R, is passed, together with the reject R; from fine screening, to the
dewatering 30 and further to combustion. Clarified waste water Wy is passed to a
biological treatment stage 34, after which the cleaned water can be circulated to
the beginning of the process for use as washing or dilution water in the pulper 10,
in the coarse screening 12, on the screw conveyor 22 and/or in the reject drum 24.
Alternatively, part of the biologically treated waste water can be passed to

additional treatment stages 36, which may be, for example, ultra- or
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nanofiltration. The clean water necessary for the water balance of the process is

passed to the pulp washing and thickening stages 18.

Recyclable waste wood can be separated from the other waste either in the first
stage of the separation process when the waste 1s dry or after pulping when the
waste 1s wet. The waste has already been crushed in connection with pre-
treatment into a certain size of pieces and harmful materials have been removed
from 1it. To produce raw material suitable for the manufacture of particleboard,
oversized matter, fine matter, lightweight matter, such as plastics and paper, as
well as heavy matter, such as stones and sand, are removed from the waste wood
by means of different cleaning, separation and sorting devices. The size of the
pieces m waste wood is further reduced by crushing or chipping, after which
metals and other similar impurities released from the wood raw material in
connection with processing are further removed from it. The impurnities and
chemicals contained in waste wood are largely transferred to fine matter and dust,
which can be passed to combustion. The handling of the crushed wood also
usualiy mcludes a drying stage that requires heat energy. The wood raw material
can be processed into an end product in connection with the waste processing
plant or, alternatively, the ready-for-use crushed wood prepared from wood can be

transported to a panelboard manufacturer.

For screening and cleaning of the wood raw material in the different stages of
processing 1s preferably used the roller screen known under the trademark
ClassiScreen™, marketed by the applicant, which screen is very suitable for
separating fine matter, sand and an oversized fraction both from dry and wet wood
material. The processing of the wood raw material can be supplemented with the
cleaning and screening system known under the trademark ClassiCleaner™,
which comprises a vibrating table and an air separator in addition to a
ClassiScreen™ roller screen. In this connection, reference 1s also made to FI

patents 97527, 98605 and 93710, which describe devices.for removing impurities

from powdery or piece-like material, such as raw material of particleboard.
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In connection with the waste processing plant there may also be devices for

separating and possibly fractionating the plastics fraction contained in waste
material, after which the plastics are pyrolysed into plastic o1l using, for example,
equipment which has become known under the trademark ITP™ Pyrolyser. When

organic matter containing volatile chemical compounds, such as waste plastics, is
heated in a hot gas stream free from oxygen for a very short period of time,
pyrolysis vapour is generated from organic matter, which vapour condenses into

pyrolysis oil when the temperature decreases. Typically, pyrolysis is carried out at
a temperature of 300 — 800 °C and the reaction time 1s from tenths of a second to a

few hundred seconds. A pyrolysis reactor and a condenser are advantageously
placed in connection with a boiler, in which connection part of the heat energy
generated by the boiler is passed to the pyrolyser. In addition, heat energy is
needed for drying the raw material which i1s pyrolysed, which improves the
quality of the pyrolysis oil provided as the end product by reducing its water
content. Pyrolysis o1l produced from waste plastics 1s suitable as such for use,
among other things, as fuel oil and it can be processed further into other oil-based
products. The plastics-containing reject obtained from the fibre recovery process
according to the invention is, according fo recent investigations, very suitable for
the pyrolysis process. In the experiments carried out, a pyrolysis oil product which
1s as good as mineral oil and capable of being mixed with it can be obtained from
polyethylene waste in an amount of about 80 to 90 wt% of the dry feed stream

depending on the temperature and delay time of the process.

Atter separation of the fibre fraction and/or the wood fraction and/or the plastics
fraction, a certain amount of combustible waste still remains of the initial waste,
the quantity and quality of the remaining waste depending on the number of the
separation stages of the recyclable fractions and on the quality of the waste raw

material. Said waste is suitable as such for use as fuel in energy production.
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Amended Claims

1. A method for processing waste, in particular for utilising the recyclable
material contained in waste, wherein the waste 1s pre-treated for removing
undesirable matter, a fibre fraction and a plastics fraction are separated from the
other waste, the fibre fraction is processed into a raw material for paper or board,
and the by-products from the processes and the waste fraction which remains of
the processing are used as energy for the needs of the processes, characterised in
that the method comprises stages in which the waste i1s slushed in a continuous-
operation high-consistency pulper to suspend in water the fibres contained in the
waste, a fibre fraction and a plastics fraction are continuously discharged from the

pulper, the plastics fraction 1s washed in one or more steps, and the plastics
fraction is processed into plastic oil in a pyrolyser.

2. A method according to claim 1, characterised in that it comprises a stage in

which waste wood 1s separated from the other waste and processed into a raw

matenal for particleboard or equivalent.

3. A method according to claim 1 or 2, characterised in that at least some of the

process waters of the waste processing plant are treated and returned to

circulation.

4. A method according to any one of the preceding claims, characterised in that
PVC plastics are separated from the plastics fraction before the plastics are

processed into plastic oil.

5. A method according to claam 4, characterised in that the PVC plastics are

passed to energy production.

6. A method according to any one of the preceding claims, characterised in that a

fluidised bed boiler 1s used in energy production, which boiler generates the heat

AMENDED SHEET
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needed in the pyrolysis of plastics and utilises the sohd combustion residues
produced in the pyrolysis.

7. A waste processing plant, in particular a plant for processing waste fractions
suitable for recycling of material, comprising devices for removing undesirable
matter from waste, devices for separating a fibre fraction and a plastics fraction
from the other waste, devices for processing the fibre fraction into a raw matenal
for paper or board, and devices for producing the energy needed in the different

processes of the waste processing plant, which devices have been arranged to use

as fuel the by-products which have been produced in the different process stages
and the waste fraction which remains of the processing, characterised in that the
plant comprises a pulper for separating the fibre fraction and the plastics fraction,

devices for washing the plastics fraction in one or more steps, and a pyrolyser for

processing the plastics fraction into plastic oil as thermal heat treatment.

8. A waste processing plant according to claim 7, characterised in that it

additionally comprises devices for separating waste wood from the other waste

and devices for processing it into a raw material for particleboard or equivalent.

9. A waste processing plant according claim 7 or 8, characterised in that it

comprises devices for treating and circulating process waters.

10. A waste processing plant according to any one of claims 7 to 9, characterised
in that it comprises devices for separating PVC plastics from the waste plastics

fraction before the plastics are processed into plastic oil.

11. A waste processing plant according to claam 7, characterised in that it

comprises a fluidised bed boiler arranged to generate the energy needed in the

processes and to burn the rejects which have been produced.

AMENDED SHEET

FI010049¢C




| 19"06"2002 | CA 02409607 2002-11-21 F|010049£

15

12. A waste processing plant according to claim 11, characterised in that the
fluidised bed boiler has been arranged to generate the heat needed in the pyrolysis

of plastics and to utilise the solid combustion residues produced in the pyrolysis.

AMENDED SHEET
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