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(57) Abstract: The present invention provides a method and apparatus of processing material having an organic content. The meth-
od comprises heating a batch of the material ("E") in a batch processing apparatus (16) having a reduced oxygen atmosphere to gasi-
fy at least some of the organic content to produce syngas, The temperature of the syngas is then elevated and maintained at the elev-
ated temperature in a thermal treatment: apparatus (18) for a residence time sufficient to thermally break down any long chain hydro -
carbons or volatile organic compounds therein. The calorific value of the syngas produced is monitored by sensors (26) and, when
the calorific value of the syngas is below a predefined threshold, the syngas having a low calorific value is diverted to a burner of a
boiler (22) to produce steam to drive a steam turbine (36) to produce electricity ("H"). When the caloritic value: of the syngas ex-
ceeds the predefined threshold syngas having a high calorific value is diverted to a gas engine (40) to produce electricity (F").
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Improvements in Waste Processing

The present invention relates to systems for processing material containing organic
content, in particular it relates to waste fo energy systems for extracting energy from

waste containing organic content which has a low calorific value.

Organic low calorific value (CV) waste, such as high moisture content municipal solid
waste (MSW), food waste, agricultural wastes and high moisture sludge are difficult to

pProcess.

In some counfries, for example in northern countries where there is high rain and
snowfall waste typically has a higher moisture content that decreases its calorific value
{per mass unit). Furthermore, as more plastics are recycled, and are therefore removed
from the waste stream, the residual waste having a lower plastics content has a
reduced CV.

One method of processing waste is by incineration. Typically prior to incineration it is
necessary to have to mix with such waste additional fuel, i.e. from ancther source, for
example coal, dry biomass, natural gas etc, such that during incineration self sustained

combustion can be maintained, i.e. an auto thermatic processing is achieved.

Seme waste is processed by a gasification process in which the waste is heated in a
low oxygen atmosphere to produce synthetic gas, and the gas is burned to produce a
high temperature exhaust gas which is used to produce electrical energy, e.g. by
heating water to drive a steam turbine.

Conventional gasifiers include continuous process fluidized bed gasifiers, continuous or
batch fixed bed type, or grate type gasifiers. However, these types of gasifiers are not
well suited to processing low calorific waste, The majority of commercial gasifiers are
continuously operated. i.¢. the waste is fed in one end, passes continuously throughout
the apparatus and exits at the other end, and the gas is taken off. As the material
passes through the gasifier it is first dried as the heat drives off the moisture content
and then the material is gasified during which the energy within the waste is released in
the form of hydrocarbon molecules along with inert gasses such as nitrogen. The

moisture and gasses are released in the same processing chamber and are drawn off



10

15

20

25

30

WO 2013/167870 PCT/GB2013/051101

2

together. The speed of the gas flow through the processing chamber is very high, in the
region of 3ms™ resulting in a thoroughly mixed output gas. The gas which results from
such a process will have a high moisture content and low synthesis gas (CO, H;, CHy)
content. The calorific value of the gas output will also therefore be low. Furthermare,
due to the large moisture content of the waste being continually loaded into the
apparatus it is usually necessary to use an external fuel source, e.g. natural gas or
coal, to produce the heat necessary to evaporate the water. This results in a larger
production of COy which is not only environmentally unsound but which also dilutes the
syngas produced even more.

The end resuit is that the syngas produced is of a low quality which, without extensive
and energy intensive post processing, is only suitable for combustion.

Even when using conventional fixed bed gasifiers in which the waste is introduced in
batches similar problems remain. These types of gasifiers have a very long processing
fime to gasty the waste, typically many hours, and the gas released contains a mixture
of gases including large volumes of nitrogen, steam and carbon dioxide. The gas
leaves the gasifier in a mixed gas stream and, the mixed gas composition is still of a
low quality and is generally only suitable for combustion.

The end goal of waste to energy systems is to produce electrical energy. As described
above this is typically done through converting the produced gas to heat to produce
steam for driving a steam turbine. However the energy to power conversion efficiency
using this method is quite low. typically in the region of 18% to 24%.

Higher efficiency conversion systems, e.g. direct combustion of syngas in a gas turbine
or reciprocating engine are generally not used as the syngas produced from these
conventional gasifiers is of a low quality that does not mest the fuel requirements of
such engines or gas turbines which require a clean high calorific value syngas, typically
in the order of 60-100 BTUFT?, containing no or very mirimal tar content.

For fow GV gas produced from conventional gasifiers to be used directly in a syngas
engine or gas turbine then there are two options.
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Firstly the low CV waste can be mixed with an externally sourced fuel, for example
natural gas, propane, ete. This results in the introduction of vastly increased fossil fuel
cansumption in the gasifier's energy production, which is disadvantageous and harmful
to the environment, and additionally increases the cost of energy production as it
becomes reliant on an increased consumption of externally purchased fuel.

The second option is to post process the waste {o increase the CV of the waste before
it is gasified. This pre-processing is elaborate and is a prohibitively expensive
procedure that combines multiple consecutive operations of shredding the waste,
drying the waste and pelletizing the waste prior to gasification. Although this does
provide a possibility for directly powering a gas engine, this process is a highly energy
intensive process and, due to the high capital expenditure, operating expenditure, and
maintenance expenditure required to transform the low CV waste into a refuse derived
fuel (RDF), it is not a commercially attractive solution.

The present invention at least in part mitigates some of the above mentioned problems
and provides a method and apparatus that allow the putput from a gasification process
of low CV waste to be converted to power in a syngas engine.

As used herein it will be appreciated that term “gas engine” includes various types of
combustion engines that run on gas and includes, without limitation reciprocating gas
engines and gas turbines.

According to a first aspect of the invention there is provided a method of processing
material having an organic content comprising: heating a batch of said material in a
batch processing apparatus having a reduced oxygen atmosphere to gasify at least
some of the organic content {o produce synthetic gas; elevating the temperature of said
syngas and maintaining the syngas at said elevated temperature for a residence time
sufficient to thermally break down any long chain hydrocarbons or volatile organic
compounds therein; monitoring the calorific value of the syngas produced, when the
calorific value of the syngas is below a predefined threshold, diverting the syngas,
having a low calorific value, to a burner of a boiler to produce steam; and when the
calorific value of the syngas exceeds said predefined threshold, diverting said syngas,
having a high calorific value, to a gas engine {o produce electricity.
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The method may have a first predefined threshold and a second predefined threshold
and, when the calorific value of the syngas is below said first predefined threshold,
diverting the syngas, having a low calorific value, to a burner of a boiler to produce
steam in a first mode of operation; when the calerific value of the syngas exceeds said
first predefined threshold, diverting said syngas, having a high calorific value, to a gas
engine to produce electricity in a second mode of operation; and when the calorific
value of the syngas falls below a second threshold, diverting the syngas, having a low
calorific value, to a burner of a boiler fo produce steam in a third phase of operation.

As will be appreciated the present invention therefore provides a system which can
switch between using the produced gas to power a boiler for conventional steam
turbine derived power and .can swilch as soon as the CV is at an appropriate level to
directly use the syngas in a syngas engine. As the syngas engine has a much higher
energy conversion efficiency than the boiler/steam turbine, the cverall system efficiency
can be greatly improved while still using low CV waste without the need for pre-

processing the waste or post-processing the gas.

The first and second thresholds have the same value or may differ. In either case the
threshold value above which gas is directed to the syngas engine will have a CV

suitable for use in the syngas engine.

The method may further comprise: when the calorific value of the syngas exceeds a
third threshold, higher than said first and second predetermined thresholds, diverting
said syngas, having a very high calorific value, to a storage vessel. As well as being
consumed in a syngas engine syngas has other uses as a chemical fuel or for
separation into its component gases for other chemical use. However the purity of the
gasses used for this will need to be of an even higher CV than that used in the syngas

engine.

The method can further comprise exiracting heat from said syngas and using said heat
to produce steam. Recovering the heat from this stage of the process not only reduces
the temperature of the gas being fed to the syngas engine but also recovers energy
from the gas which can be used to drive the boiler. To further increase overall
efficiency, the waste heat from the gas engine ¢an also be used to heat water in the
boiler to produce steam.
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The steam produced may be used to drive a steam turbine o produce electricity.

The method may comprise temporarily storing said syhgas having a high calorific value
and/or storing the syngas having a low calorific value in storage reservoirs. In this way
not anly can a buffer of fuel be provided as gas from a batch processing apparatus is
not produced at a constant rate, but also the storage vessels act as mixing vessels as,
unlike constant process systems which fend fo have a fairly consistent output gas
composition, the gas composition from a batch processing system tends to vary over
time. By using the storage vessels variations in composition over time are evened out
and a gas having a more constant composition can be provided to the boiler/gas

engine.

The method preferably further comprises cleaning said syngas prior to use. Known
filtering and cleaning technigues can be used.

Monitoring the calorific value of the syngas produced may comprise manitoring the gas
composition of the syngas, in particular it may comprise monitoring one or more of the
hydrogen content of the syngas, the carbon monoxide content of the syngas, and the

methane content of the syngas.

The calorific value of the syngas at the predetermined threshold may be in the range of
40 to 100 BTU per cubic foot, it may further be in the range of 80 to 100 BTU per cubic
foot. The calorific value of the syngas at the third threshold may be in the range of 200-
220 BTU per cubic foot.

Diverting the syngas, having a low calorific value, to a burmer of a boiler to produce
steam may comprise diverting the syngas through a first flow path leading to a thermal
oxidiser, upstream of a Doiler heat exchanger, wherein the syngas is combusted
thereby creating a hot gas flow over the heat exchanger, and maintaining the syngas at
said elevated temperature for said residence time; and diverting said syngas, having a
high calorific value, to a gas engine may comprise diverting the syngas through a
second flow path to a syngas engine, via a thermal treatment apparatus wherein the
temperature of said syngas is elevated and maintained at said elevated temperature for

said residence fime,
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The method may further comprise providing a recirculation loop having a burner therein
and recirculating hot gases through the batch processing oven and said recircutation
loop to heat said batch processing oven.

According te a second aspect of the invention there is provided an apparatus for
processing material having an organic content comprising: at least one bateh
processing oven configured to heat a batch of said material in a reduced oxygen
atmosphere to gasify at least some of the organic content of said material to produce
syngas; at least one thermal treatment apparatus configured to receive syngas from
said batch processing oven and having a heating means associated therewith, said
thermal tfreatmert apparatus configured to elevate the temperature of said syngas
therein for a residence time sufficient to thermaily break down any fong chain
hydrocarbons or volatile organic compounds present in the syngas; at least one
sensing means for sensing the composition of the syngas produced and configured to
output a signal indicative of its calorific value, at least one syngas engine; a boiler;
valve means for directing syngas to the syngas engine or the boiler; and a controller
configured to © detect when the calorific value of the syngas is below a predefined
threshold and control said valve means to direct the syngas, having a low calorific
value, to a burner of said boiler to produce steam; and detect when the calorific value
of the syngas exceeds said predefined threshold and control said valve means to direct
said syngas, having a high calorific value, to said gas engine to produce electricity.

As will be understood the apparatus can perform out the method of the first aspect of

the inventiorn:

The predetermined threshold may comprise a first predetermined threshold and a
second predetermined threshold and the controller may be configured to: detect when
the calorific value of the syngas is below said first predefined threshold and control said
valve means to direct the syngas, having a low calorific value, to said burner of said
boiler to produce steam in a first mode of operation; detect when the calorific value of
the syngas exceeds said first predefined threshold and control said valve means o
direct the syngas, having a high calorific value, to said gas engine to produce electricity
in a second mode of operation; and detect when the calorific value of the syngas falls
below said second threshold and conitrol said valve means fo direct the syngas, having
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a low calorific value, to said burner of said boiler to produce steam in a third phase of

operation:

The controller may be further configured to detect when the calorific value of the
syngas exceeds a third threshold, higher than said first and second predetermined
thresholds, and control said valve means to direct the syngas, having a very high
calorific value, to a storage vessel,

A heat exchanger may be provided downstream of the thermal treatment apparatus
and be configured to extract heat from said syngas to cool said syngas. The extracted

heat can be used to produce stearm.

A-conduit may be provided to direct hot exhaust gasses from said gas engine to a heat
exchanger in the boiler to produce steam.

The apparatus may have a turbine, driven by the steam, for producing electricity.
The apparatus can include a storage reservoir for temporarily storing the syngas
having & high calorific value and/or a storage reservoir for temporarily storing the

syngas having a low calorific value.

A cleaning unit for cleaning the syngas prior to use can also be provided.

The apparatus may comprise a gas analyser fo monitor the gas composition of the
syngas to obtain a signal indicative of its calorific value.

The gas engine may comprise one or more of a reciprocating engine and a gas turbine.

in one arrangement the thermal treatment apparatus may include valve means
downstream of said batch treatment oven for diverting the syngas into one or more of a
first flow path leading to said syngas engine and a second flow path leading to the
boiter, and wherein the thermal treatment apparatus comprises a thermal reactor
located in the first low path upstream of the syngas engine and a thermal oxidiser
located in the second flow path upstream of the boiler.
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The thermal reactor may be configured fo heat the syngas without combusting it and
wherein the thermal oxidiser is configured to heat the syngas to combust it.

The apparatus may further comprise a recirculation loop for recirculating hot gases
through the batch processing oven without passing it through said thermal treatment
apparatus, the apparatus further comprising a burner provided in & said recirculation
loop for providing a flow of hot gas through said bafch processing oven.

Specific emboediments of the invention will now be described, by way of example, in
relation to the following diagrams in which.

Figure 1 is a schematic of a prior art constant process apparatus showing the gas

quality of the emitted gas as the material passes therethrough.

Figure 2 is a graph of CV against time for a batch processing apparatus of the type that
can be used with the invention;

Figure 3 is a flow diagram of the method of the present invention;

Figure 4 is a diagram of an apparatus of the present invention;

Figure 5 is a diagram of a further apparatus of the present invention; and

Figure 6 is a diagram of a further apparatus of the invention.

Referring to Figure 1 a schematic diagram of a continuous-feeding and processing
treatment chamber 2 as is known in the prior art is shown. The chamber could be sither
a rotating kiln, where the waste 8 moves as it rotate inside by gravity, or fixed chamber,
where the waste 8, moves by the action of moving grates (step-down grates). The
chamber has a waste inlet 4 through which a constant supply of waste fo be treated
enters the chamber, and a residue outlet 6 through which residual waste {(char, inent,
metals, efc.) that is fully processed exits the chamber. Although not shown it will be
appreciated that the inlet 4 and outlet 6 are configured in a known manner to minimise
the amount of air that can enter with the waste or enter via chamber exit 8. The waste 8
is conveyed through the chamber and is gasified. A supply of oxygen deprived hot gas



10

15

20

25

30

WO 2013/167870 PCT/GB2013/051101

g

enters the chamber at gas inlet 10 and exits the chamber at gas outlet 12. During an
initial phase of processing the waste 8 is heated by the hot gas and the moisture is
evaporated, During this stage ("A") there is little gasification and as can be seen from
the graph 14, which shows the CV of the syngas (synthetic gas) emitted from the waste
at different points in space along the chamber. Once the moisture has been largely
driven off the temperature of the waste siarts to rise and gasification of the organic
content thereof commences. During this stage ("B”) there is an increase in the calorific
value of the syngas produced. The calorific value of the syngas continues to rise as
more carbon monoxide and hydrogen are released and plateaus in the region “C”.
Towards the exit 6 of the processing chamber 2 as the majority of the material has
been processed the CV of the syngas released starts to drop (*D").

As in continuous waste-feeding and processing apparatus such as the one shown the
hot gasses driving the process pass through the whole processing chamber the gasses
emitted from waste 8 at different points along the chamber become entrained in a
single outlet gas flow and become mixed. The result is that the syngas output, although
of a relatively constant mass flow and calorific value, has a high moisture content and a
fow CV as the CV of the syngas will be the average of the CV of the gasses released
along the length of the processing chamber. This combined syngas output does not
have sufficient CV to be used directly in a syngas engine. This is specially the case for
low CV waste that has high moisture content.

Referring to Figure 2 a graph of CV against time for a batch processing oven as used
with the present invention is shown. The oven may be a rotating batch processing oven
as described in international patent application WO 2006/100512. As can be seen CV
of the syngas output from the batch processing oven changes over time in a similar
manner as the output from the continuous process chamber changes over space,
However, since the syngas generated in the batch processing chamber is continuousty
teaving the processing chamber, then the CV for the syngas exiting the chamber will be
the actual CV of the syngas at any point of time (as in Figure 2), and as it is not mixed
with the syngas output from the process at different points in time. The CV of the
exiting syngas is as shown in the graph for the specific time, and is not averaged
across the cycle. As can be seen the syngas output is split into three distinct phases, a
first phase in which the CV is low, a second stage in which the CV is high, and a third
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stage in which the CV is again low. The time shown in the figure here is by way of an
example is 120 minutes, but it could be of lower or higher processing time.

Referring to Figures 3 and 4 a schematic diagram of the method of the invention is

shown.

A batch of waste “E” having an organic content is placed in a batch processing
gasification apparatus 16 which may, for example be similar to the rotating oven
disclosed in WO 2006/100512. The oven is closed and gas having a low oxygen
content circulated through it to heat the material therein to a temperature effective for
gasification. The gasification temperature may vary depending on process paramelers
but will typically be in excess of 500°C and oxygen content will be below 3%, preferably

below 1% volumetric flow rate.

As the process siarts some gasification will ocour but the majority of the heat will be
utilised in evaporating the moisture content from the waste. The syngas produced at
this point has a low calorific value (Phase 1, Figure 2).

After exiting the processing chamber the gas enters a thermal treatment apparatus 18
where it is elevated to a temperature in the region of 1100°C. The gas is maintained in
the thermal treatment apparatus at this temperature for a residence time sufficient for
the long chain hydrocarbons and VOC'’s in the gas {o be broken down into short chain
hydrocarbons (e.g. CH,), carbon monoxide and hydrogen. Contrary to WO the system
disclosed in 2006/100512 the syngas is not burned in the thermal treatment apparatus,
The apparatus does include a burner but is only provided with a stoichiometric ratio of
fuel to oxygen such that there is no surplus of oxygen to permit the syngas entering the

treatment apparatus from the oven to be combusted.

After exiting the thermal treatment chamber 18 the gasses are passed through a heat
exchanger 20 {o cool them. This serves two purposes, firstly it recovers heat from the
syngas which can be fed into the boiler and secondly it cools the syngas so that the
downstiream parts of the system can have a lower temperature rating which simplifies
and reduces the cost of the system. The heat exchanger 20 may have a circulating
fluid which exchanges heat with the boiler 22 to heat the water therein {o produce



10

15

20

25

30

35

WO 2013/167870 PCT/GB2013/051101

11

steam, or alternatively the heat exchanger 20 may directly create steam, effectively

acting as a secondary boiler,

The cooled syngas is then passed through a cleaning unit 24 to remove any particulate
matter or other pollutants entrained therein. This is done using known techniques which
will be apparent to the person skilled in the art.

The cleanad syngas is monitored to determine its CV, or an indication of its CV. As will
be appreciated, monitoring may be done upstream of the cleaning unit 24 but is
preferably done downsiream so that any pollutants in the syngas do not interfere or
degrade sensors overtime. The CV is preferably monitored by measuring one or more
of the CO content, the H, content and the CH, content of the syngas, for example with

an on-line gas analyser 26, and producing a signal indicative of the CV therefrom.

A controller 28 receives the signals indicative of the CV of the gas being produced and
controls valves 30, 32, In the initial phase of operation when the CV level is low and the
moisture content is high the controller closes valve 30 and opens valve 32 to direct the
gas into a low CV gas resewvoir 34. Gas from this reservoir is fed via a valve
arrangement (omitted for clarity) to the burner of a boiler 22 where it is burned. Water
within the boiler is heated by the burning syngas, and by the heat extracted from the
heated exchange 20 and produces steam which is used to drive a steam turbine 36 {o
produce electricity “H".

As the material in the chamber continues to be processed the moisture will become
evaporated and more of the material will start to gasify. The CV of the syngas released
will start to increase. The controiler 28 which is receiving the signal indicative of the CV
monitors the signal and once a predefined threshold is reached which is in the region of
40 to 120 BTU per cubic foot (preferably 80 — 100BTU per cubic foot) the controller 28
operates the valves to close valve 32 and open valve 30 so that the syngas having a
CV above the threshold is directed into a High CV gas reserveir 38. Gas from the
reservoir 38 is fed, via a valve system (omitted for clarity) to the gas engine 40. The
gas engine 40 may be a single gas engine or may be multiple gas engines of different
types, for example gas turbine and a reciprocating gas engine may be provided. The
syngas fuels the gas engine 40 to produce electricity “F". As the energy o power
conversion efficiency for the syngas engines in typically in excess of 33%, often around
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38%, and as the energy to power conversion efficiency for the steam boilerfturbine is

typically 18-24 percent, by switching as soon as the required quality of gas, i.e. the
sufficient CV is achieved, the overall efficiency of the process is greatly improved.

The syngas engine(s) 40 will produce hot exhaust gas as a by-product of the energy
conversion therein and this is fed into a heat exchanger in the boiler 22 to recover heat
therefrom and assist in the generation of steam,

The flue gas “G” from the boiler may be treated in any known manner prior to being
released to atmosphere, if necessary.

As the batch of material approaches the end of its processing cycle the amount of
carbon monoxide, hydrogen and other high hydrocarbons in the syngas being released
therefrom will start to fall and the CV of the syngas exiting the processing chamber will
start to drop. Once the controller 28 detects that the CV has dropped below a
predefined threshold, which will be the same or very similar to the threshold used in the
ramp up of CV, the controller again activates the valves 30, 32 fo again direct the
syngas having the lower CV that is no longer of sufficient quality for use in the syngas
engine 40 to the low CV gas reservoir 34.

As will be understood from the diagrams, due to the heat extracted from cooling the
syngas and the heat exiracted from the syngas engine exhausts, even when the
syngas is not being directed to the low CV reservoir 34, steam will continue to be
produced and drive the steam turbine 38.

As will also be appreciated, during the low CV gas production in phases 1 and 3
(Figure 2) and during the high CV gas production in phase 2, the CV and moisture
content of the produced syngas is not constant. The reservoirs 34, 38 provide buffer
vessels in which the gasses being produced can mix with one another so that the gas
drawn therefrom is of a more consistent CV than the syngas entering the reservoirs 34,
38. Furthermore, the reservoirs will preferably be sized so that they can provide a
sufficient buffer of syngas of each quality so that the gas engine and the boiler can be
run continuously, irrespective of which reservoir the syngas is being directed to at a

given instance in time.
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Referring to Figure 5, in addition to the above an additional feature of the invention is
the ability for the controller 28 to monitor the CV of the syngas being produced and if it
exceeds a third, higher, threshold, for example the BTU exceeds a threshold in the
region of 200-220 BTU per cubic foot, the controller controls shuts both valves 30 and
32 and opens valve 42 {o direct the syngas having the highest CV {0 a storage vessel
44, This syngas can then be used in other processes and is not used directly in the
production of electricity via the boiler or syngas engine.

Referring to Figure 6 a further apparatus of the invention is shown. In this apparatus
the batch processing apparatus 16 has a conduit 46 forming a recirculation loop
through a burner 48 which may be an oxygen burner. A calve 50can selectively diver
the gas flow from the processing apparatus 16 through the recirculation loop. In start
up this can assist in quickly increasing the temperature in the apparatus 16. By
maintaining a small recirculation loop the heat losses care minimised and fast heat up
can be achieved.

Downstream of the valve 50 the flow path of the gasses exiting the processing
apparatus 16 splits. One flow path leads to a thermal oxidiser 18A and the other leads
{o a thermal cracking unit 18B, the thermal oxidiser and the thermal cracking unit
together forming a thermal treatment apparatus. Considering first the flow path through
the thermal oxidiser 18A, this is the first flow path through which the gasses exiting the

processing apparatus 18 will pass.

In the thermal oxidiser 18A, a burner combusts the gasses entering the oxidiser in the
presence of oxygen (e.g. air), so as to produce a flow of hot combustion gasses. These
gasses pass over a heat exchanger 52 that produces steam to drive a steam turbine 36
attached to a generator 54 that produces electricity. The thermal oxidiser 18A and the
heat exchanger 52 together form the boiler 22. A dearator 56 and a condenser 58 are
provided in the condenser loop to condense the steam after it has passed through the
steam turbine. After passing over the heat exchanger 52 the combustion gasses, which
have then been cooled, pass through purifiers, which may include any suitable air
cleaning technology known in the art, for example baghouse filters 68 prior to being

vented to atmosphere through a flue stack 60.
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As the batch of material being processed enters the phase Hl (Figure 2) the calorific
value of the gas is increased. As the calorific value of the gas increases the capacity of
the thermal oxidiser 18A will be reached and will be in danger of overheating. To avoid
this the valve 62 can be opened allowing at least some of the gas to pass into the
cracking unit 18B wherein it is heated, in the absence of oxygen, and retained at an
slevated temperature for sufficient time so as to destroy any VOC’s and long chain
hydrocarbons therein. The gasses then pass out of the thermal cracking unit 18B and
pass through a querncher 64 and a heat exchanger 20 to reduce the temperature of the
gasses. The heat exchanger 20 may be connected to the heat exchanger of the boiler
22 and the furbine 38 to increase the temperature of the steam driving the turbine.
After the heat exchanger 20 the cooled syngas passes through a cleaning unit 24, for
example a venturi scrubber system, and a wet scrubber system 86. The gas is then
ready to pass into the gas storage 38. A plurality of syngas engines 40 are provided
downstream of the gas reservoir in which the syngas from the reservoir 38 is

transformed into electrical energy by using the syngas engines to drive a generator.

Using this method the boiler can be run constantly through the cycle and during the
peak cycle (phase ) where the capacity of the thermal oxidiser/boiler is not sufficient
to handle the energy of all of the gas being preduced (due to its increased volume and
for GV}, at least some of the gas can be diverted through the thermal cracking unit,
cleaned and buffered in the reservoir 36. This can then be used te drive the syngas
engines 40, The buffer created by the storage vessel 38 allows for a relatively constant
operation of the syngas engines irrespective of the cyclic gas production. Furthermore
by constantly utilising the thermal oxidiser and boiler the steam turbine can be run at
relatively constant conditions. When the production of gas by the treatment apparatus
16 slows, and lowars in CV the valve 52 can be aperated to reduce and/or stop the gas
flow to the thermal cracking apparatus 18B. However, due to the buffer of gas in the

storage vessel the syngas engine can still be run.

It is @ specific advantage of this embodiment that the thermal treatment apparatus is
separated into a thermal oxidiser and a thermal cracker which split the maximum load
between them. Therefore, when not running at maximum capacity, which is for a large
portion of the cycle, only the thermai oxidiser is used. As such the thermal oxidiser is
designed to meet a reduced capacity, and is therefore smaller, and as such operates
more efficiently due to increased utilisation. The size of the thermal oxidiser is therefore
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designed for the efficiency of the majority of the cycle, rather than to the maximum gas

production.
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CLAIMS:

1 A method of processing material having an organic content comprising:

heating a batch of said material in a batch processing apparatus having a
reduced oxygen atmosphere to gasify at least some of the organic content to produce
syngas gas;

elevating the temperature of said syngas and maintaining the syngas at said
elevated temperature for a residence time sufficient to thermally break down any long
chain hydrocarbons or volatite organic compounds therein;

monitoring the calorific value of the syngas produced,

when the calorific value of the syngas is below a predefined threshold, diverting
the syngas, having a low calorific value, to a burner of a boiler to produce steam; and

when the calorific value of the syngas exceeds said predefined threshold,
diverting said syngas, having a high calorific value, to a gas engine to produce

electricity.

2 A method according to claim 1 further comprising a first predefined threshold
and a second predefined threshold and wherein:

when the calorific value of the syngas is below said first predefined threshold,
diverting the syngas, having a low calorific value, to a burner of a boiler to produce
steam in a first mode of operation;

when the calorific value of the syngas exceeds said first predefined threshold,
diverting said syngas, having a high calorific value, to a gas engine to produce
electricity in a second mode of operation; and

when the calorific value of the syngas falls below a second threshold, diverting
the syngas, having a low calorific value, to a burner of a boiler to produce steam in a
third phase of operation.

3 The method according to claim 2 wherein the first and second thresholds have

the same value.

4 The method according to claim 2 orclaim 3 further comprising;
when the calorific value of the syngas exceeds a third threshold, higher than
said first and second predetermined thresholds, diverting said syngas, having a very

high calorific value, to a storage vessel.
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5 The method according to any preceding claim further comprising extracting heat
from said syngas and using said heat to produce steam.

8 The method according to any preceding claim further comprising using waste
heat from said gas engine to heat water in said boller to produce steam.

7 The method according to any preceding claim further comprising using said
steam to drive a steam turbine to produce electricity.

8 The method according to any preceding claim further comprising temporarily
storing said syngas having a high calorific value in a storage reservoir.

g The method according fo any preceding claim further comprising temporarily
storing said syngas having a low calorific value in a storage reservoir.

10 The method according to any preceding claims further comiprising cleaning said

syngas prior to use.

1 The method according to any preceding claim wherein monitoring the calorific
value of the syngas produced comprises monitoring the gas composition of the syngas.

12 The method according o claim 11 wherein monitoring the gas composition of
the syngas comprises monitoring one or more of the hydrogen content of the syngas,
the carbon monoxide content of the syngas, and the methane content of the syngas.

13 The method according to claim 1 wherein the calorific value of the syngas at the
predetermined threshold is in the range of 40 to 100 BTU per cubic foot.

14 The metheod according o claim 13 wherein the calorific value of the syngas at
the predetermined threshold is in the range of 80 to 100 BTU per cubic foot

15 The method according to claim 14 wherein the calorific value of the syngas at
the third threshold is in the range of 200 to 220 BTU per cubic foot.
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16 The method according {o any one of claims 1 to 8 wherein:

diverting the syngas, having a low calorific value, to a burner of a boiler to
produce steam comprises diverting the syngas through a first flow path leading to a
thermal oxidiser, upstream of a boiler heat exchanger, wherein the syngas is
combusted thereby creating a hot gas flow over the heat exchanger, and maintaining
the syngas at said elevated temperature for said residence time; and wherein diverting
said syngas, having a high calorific value, {0 a gas engine comprises diverting the
syngas through a second flow path to a syngas engine, via a thermal ireatment
apparatus whergin the temperature of said syngas is elevated and maintained at said
elevated temperature for said residence time.

17 The methed according to any one of the preceding claims further comprising
providing a recirculation foop having a bumer therein and recirculating hot gases
through the batch processing oven and said recirculation loop to heat said batch

processing oven.

18 An apparatus for processing material having an organic content comprising:

at least one batch processing oven configured to heat a batch of said material
in a reduced oxygen atmosphere {o gasify at least some of the organic content of said
material to produce syngas;

at least one thermal treatment apparatus configured to receive syngas from
said batch processing oven and having a healing means associated therewith, said
thermal freatment apparatus configured to elevate the temperature of said syngas
therein for a residence time sufficient to thermally break down any long chain
hydrocarbons or volatile organic compounds present in the syngas:

at least one sensing means for sensing the composition of the syngas produced
and configured to output a signal indicative of its calorific value,

at least one gas engine;

a boiler;

valve means for directing syngas to the gas engine or the boiler; and

a controller configured to;

detect when the calorific value of the syngas is below a predefined threshold
and control said valve means {o direct the syngas, having a low calorific value, to a
burner of said boiler to produce steam; and
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detect when the calorific value of the syngas exceeds said predefined threshold
and control said valve means to direct said syngas, having a high calorific value, to

sald gas engine o produce electricity.

19 An apparatus according to claim 18 wherein said predetermined threshold
comprises a first predetermined threshold and a second predetermined threshold and
wherein the controller is configured to

detect when the calorific value of the syngas is below said first predefined
threshold and control said valve means to direct the syngas, having a low calorific
value, to said burner of said boiler to produce steam in a first mode of operation;

detect when the calorific value of the syngas exceeds said first predefined
threshold and control said valve means to direct the syngas, having a high calorific
value, to'said gas engine to produce electricity in a second mode of operation; and

detect when the calorific value of the syngas falls below said second threshold
and conirol said valve means to direct the syngas, having a low calorific value, to said

burner of said boller to produce steam in a third phase of operation.

20 The apparatus according to claim 18 wherein the controller is further configured
to detect when the calorific value of the syngas exceeds a third threshold, higher than
said first and second predetermined thresholds, and control said valve means to direct

the syngas, having a very high calorific value, to a storage vessel.

21 The apparatus according to any one of claims 18 o 20 further comprising a
heat exchanger downstream of the thermal treatment apparatus configured to extract

heat from said syngas to cool said syngas and to produce steam.

22 The apparatus according to any one of claims 18 to 21 further comprising a
conduit to direct hot exhaust gasses from said gas engine fo a heat exchanger in said

boiler to produce steam.

23 The apparatus according to any one of claims 18 fo 22 further comprising a
turbine, driven by said steam, for producing electricity.

24 The apparatus according to any one of claims 18 to 23 further comprising a
storage reservoir for temporarily storing said syngas having a high calorific value,
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25 The apparatus according to any one of claims 18 to 24 further comprising a

storage reservoir for temporarily storing said syngas having a low calorific value.

26 The apparatus according to any one of claims 18 to 25 further comprising a

cleaning unit for cleaning said syngas prior to use.

27 The apparatus according to any one of claims 18 to 26 further comprising a gas
analyser to monitor the gas composition of the syngas o obtain a signal indicative of its

calerific value,

28 The apparatus according o any one of claims 18 to 27 wherein the gas engine

comprises one or more of a reciprocating engine and a gas turbine.

29 The apparatus according to any one of claims 18 to 28 wherein the thermal
treatment apparatus includes valve means downsfream of said batch treatment oven
for diverting the syngas into one or more of a first flow path leading to said syngas
engine and a second flow path leading to the boiler, and wherein the thermal treatment
apparatus comprises a thermal reactor located in the first low path upsiream of the
syngas engine and a thermal oxidiser located in the second flow path upstream of the

boiler,

30 The apparatus according to claim 29 wherein said thermal reactor is configured
to heat the syngas without combusting it and whersin the thermal oxidiser is configured
to heat the syngas to combust it.

31 The apparatus according to claim 29 or claim 30 further comprising a
recirculation loop for recirculating hot gases through the batch processing oven without
passing it through said thermal treatment apparatus, the apparatus further comprising a
burner provided in a said recirculation loop for providing a flow of hot gas through said

batch processing oven.
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