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(57) Abstract: An integrated drying gasification system comprises a gasifier for gasifying carbonaceous tuel to produce hot product
gas and an entrained flow dryer which receives the hot product gas to dry the carbonaceous fuel prior to gasification. At least one in -
let to the gasitier communicates one or more additional gases from the system, such as recycled syngas, steam and/or recycled carbon
dioxide, to the gasifier to generate an increased hot product gas mass tlow rate from the gasifier. The system may comprise a plural -
ity of lock hopper systems coupled to the entrained tlow dryer. At least one intermediate storage vessel may be provided in one or
more feed legs to the gasitier maintain a constant supply of carbonaceous fuel to the gasifier for a temporary period independently of
carbonaceous fuel supplied to the entrained flow dryer.
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TITLE

~ IMPROVEMENTS IN INTEGRATED DRYING GASIFICATION

FIELD OF THE INVENTION

The present invention relates to improvements in integrated drying
gasification. In particular, but not exclusively, some embodiments of the |
present invention relate to improved integrated drying using oxygen or air
blown gasification of high moisture content carbonaceous fuels, such as
coails br lignite. Some embodiments of the présent invention relaté to
improved gasification systems comprising ﬂuid bed gasifiers or other types of

gasification plant.

' BACKGROUND OF THE INVENTION

The gasification of carbonaceous fuels, such as coals or lignite, f:an
be used to ‘produce a range of saleable products, such as d'iesel, naphtha,
hydrogen and/or urea, to name but a few. In some applications, dxygen
blown gasification can be préfer_red to air blown gasification to aghieve the .
desired syngas (synthetic(synthesis gas) quality, to reduce the size of the |
equipment and to increase the performance of the downstream proCessing
equipment.

In Integrated Drying Gasification (IDG), hot gases exiting the fluid bed

 gasification vessel (gasifier) at between about 750°C and 1,050°C are

supplied to an entrained flow dryer along with partially dried coal. The dryer

cools the gas down to about 200°C to 280°C by drying the coal. To achieve
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high efficiency, the moisthre content of the dried coal feed to the gasifier.
needs to be as low as possiblé, preferably within the range of about 5 — 10%.
Achieving the level of drying required for a given moisture content Coal
supplied to the dryer requires a set thermal energy .in the gasifier off-gases.
5 The fhermal energy in the off-gases is set by the gas flow rate, the gas
composition and the gas temperature. However, thev use of oxygen blown
~ gasification alters the gas composition and reduces the flow rate of the
Qasiﬁer off-gases by about half compared with air blown gasification,
therefore also rédUcing the capacity of the integrated dryer by about half.
10 There is a desire to use the preferred oxygen blown gasification wﬁilst

addressing the drawback of reduced drying capacity.

In IDG processes, it is known to use of}one'or more pressurised

drying vessels per gasifier, as disclosed in Internatiohal Patent Publication

No. WO 93/23500. To increase the pressufe of the carbonaceous fuel, in

15 particular ;:oal, to allow it to be fed into the entrained flpw dryer, a lock
hopper system or train is used. Each lock hopper train consists of an
atmospheric_: pressure hopper, a second lock Hopper which cycles between
atmospheric and> process pi'essure and a third hopper which is always at
procéss pressure. Due to size limitations on the pressure vessels, to

20 achieve the required coal feed rate for commercial scale plant, multiple lock
hopper trains are required. Known designs. of the entrained flow dryer

me incqrpdrate -a single |ock~-hoppér--train for each dryer. Therefore, 'thvef“' -

requirement for multiple lock hopper trains leads to the requirement for
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multiple dryers, thus adding to the complexity and cost of the pfocess. There
is a desire fo minimise or avoid such added complexity and cost.

Another problem with IDG procésses is that any disruption of the feed
of carbonaceous fuel, such as‘ coal, to the entrained flow dryer can
negatively affect gas production in the gasifier and/or the control of key
process parameters, such as fluid bed temperature. These issues can
disrupt downstream processes, such as the productioh of saleable products:

or power generation. There is a desire to minimise or avoid such disruptions.

Reference to any prior art in this specification is not', and should not
be taken as, an ackndwledgement or any form of suggestion that the prior art
forms part of the common general knowledge in Australia or Aany other

country.

Throughout this specification and claims which follow, unless the

context requires otherwise, the word “comprise”, and variations such as

_“corhprises” and “comprising”, will be understood to imply the inclusion of a

stated integer or step or group of integers or steps, but not the exclusion of

any other integer or step or group of integers or steps.

OBJECT OF THE INVENTION

It is a preferred object of the present invention to provide an improved

_ apparatus and/or system and/or method for integrated drying .gasiﬂCatiqn,that N

addresses or at.least ameliorates one or more of the aforementioned

problems or at least provides a useful commercial alternative.
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SUMMARY OF THE INVENTION

'Generally,‘- aspects of the present invention vrelate to improved
integrated drying gasification systems and methods in which at least a

portion of one or more gases in the system, such as recycled syngas, steam

“and/or recycled carbon dioxide, are input to a gasifier of the system to

genefate an increased gas méés flow rate from the gasiﬁer. The increased
gas mass flow exiting the gasifier allows higher moisture content
carbonaceous fuels to be supplied to the integrated dryer, thus reducing the '_
external drying required and increasing the overalll performance of the
system. |

According to one aspect, but not necéssarily the broadest aspect, the

present invention resides in an integrated drying gasification system

comprising:

a gasifier for gasifying carbonaceous fuel to produce hot product gas;
a-h entrained flbw dryer which receives the hot product gas to dry the
carbonaceous fuel prior to gasification; and
at least one inlet to the gasifier to communicate one or more
additional‘ gases from the system to the gasifier to generate an increased hot
product gas mass flow rate from the gaﬁsiﬁer.
Preferably, the additional gas is recycled syngas. Alternétively, or
additionally, the additional gas can be steam and/or recycled carbon dioxide.
_ Suitably, the syng_a_s_is,reqvc,l,ed,_,,qw_stream of one or mére filters of

the system such that the syngas is free, or substantially free, of particulates.
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Sujtably, the syngas is recycled downstream of one or more syngas
coolers of the 'system to reduce the temperature of the recycled syngas.
Suitably, the syngas is recycled downsfream of an ammonia scrubber
of the system.
Suitably, the syngas ié recycled downstream of one or more of the
following of the system: a main filter; a water gas shift vessel; an acid gas

removal system; a membrane separation system; a pressure swing

adsorption system; or other syngas processing equipment.

Suitably, the systerh comprises a compressor to increase the presS_ure
of the one or more recycled gases prior to communicating the recycled gases
to the gasifier.

Where the gasifier is a fluid bed gasifier, the one or more additional
gases can be supplied to a fluid bed and/or a freeboard region of the fluid
bed gasifier.

Preferably, thg one or more additional gases can be supplied to the
gasifier via a plurality of nozzles at a variety of levels of the gasifier.

Preferably, recycled syngas, steam and/or recycled cafbon dioxide is
supplied to the gasifier via réspective separate nozzles,_ which are also
separate from nozzles that supply oxygen to the gasifier.

Suitably, steam and/or recycled carbon dioxide is mixed with oxygen
prior to supply to the gasifier.
 According to another aspect,butnot necsssarly the broadest aspet,

the present invention resides in a method of improving the performance of an

integrated drying gasiﬁcation system, the method including adding one or
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"~ more gases from the systém to a gasifier of the system to generate an

increased hot product gas mass flow rate from the gasifier.
Preferably, the additionél gas is recycled syngas. Alternatively, or
additionally, the additional gas can be stqam and/or recycled carbon dioxide.
The method can include increaéing the preésure of the one or more

recycled gases prior to communicating the recycled one or more gases to the

 gasifier.

Generally, other aspects of the present invention relate to improved

integrated drying gasification systems and methods in which a plurality 6f

lock hopper systems are coupled to a single entrained flow dryer of the

gasification system.

. Adcording to a further aspvect, but not necessarily the broadest aspect,
the present invention resides in an improved ihtegrated drying gasification
system comprising:

a gasifier for gasifying carbonéceou's fuel to produce hot product gas;v

a single entrained flow dryer which receives the hot product gas to dry
the carbonaceous fuel prior to gasification; and

a plurality of lock hbpper systems coupled to the single entrained ﬂow_
dryer to supply pressurized, pre-dried carbonaceous fuél to the éingle
entrained flow dryer. |

Preferably, the system comprises a respective feed point to the

 entrained flow dryer for each lock hopper system.

Preferably, the respective feed points are provided around a

circumference of the entrained flow dryer.
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Suitably, the respective feed points are provided at the same level, or

~ at different levels, of the entrained flow dryer.

Generally, further aspects of theprese.nt invention relate to imprbved :
integrated drying gasification systems ahd methods in which an intermediaté
storage vessel is provided in a feed legtoa gasiﬁér of the system to maintain
a cohstant supply of carbonaceous fuel to the gasifier for a temporary period
independently of carbonaceOus'fueI'supplied to an entrained ﬂow dryer of
the system. |

AAccording to a yet further a.spect,'but not necessarily the broadest
aspect, the -preseht invention resides in an inibroved integrated drying
gasification system comprising:

| a gasifiér for gasifying carbonaceous fuel to produce hot product gas;

a féed 'Ieg couplved to fhe gasifier to supply carbonacedus fuel fo the
gasifier, and o

at least one intermediate sfora_ge vessel provic.ied‘ in the feed leg to~
mainfain a constant supply of carbdnaceoué fuel to the gasifier for a
temporary period independently of carbonaceous fu}el' supplied to an
entrained flow dryer of the system. |

Suitably, the intermediate storagé vessel can provide a supply of
cérbonaceous fuel to the gasiﬁer for a period 6f between about 10 and about
20 minutes. | o |

| VSlv.litat}I?y’_L any of @hg”afqrerpeptioned gasiﬁc»ati_q_n systemé can

.comprise a plurality of feed legs coupled to the gasifier for delivéring' '

carbbnadeous fuel to the gasifier.
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Suitably, three feed legs are arranged around the circumference of
the gasifier at regular intervals, such as at intervals of 90 degrees. |

Alternatively, the feed legs can be arraﬁged at other angles around
part of the circumfe_renée of the gasifier.

Suitably, the feed legs can be coupled to the gasifier at the same
level, or at different levels.

It will be appreciated that one or more of the aforementioned aspects
of the present invention can be incorporated in a single ihtegrated drying
gasiﬁcationlsysteni.

Further aspects and/or features of the present invention will become

apparent from the following detailed descriptio'n‘

BRIEF DESCRIPTION OF THE DRAWINGS
in order that the invention may be readily understood and put into
practical effect, reference will now be made to preferred embodiments of‘the
present invention with feference to the accompanying drawings, wherein liké
reference numbers refer to identical elements. The drawings are provided by

way of example only, wherein: -

FIG 1 is a schematic representation of an integrated drying

gasificatioh system according to embodiments of the present invention;

FIG 2 is a schematic representation of a nozzle arrangement for the

~ injection of orie of more recycled gases and oxygen into the gasifiershownin =~

FIG1;

FIGS 3 and 4 are schematic representations of alternative nozzle
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FIG § is a schematic representation of an integratéd drying

- gasification system according to further embodiments of the present

invention; and

FIG 6 is a perspective view of a multiple hopper arrangement for an
entrained dryer of integrated drying gasification system according to

embodiments of the present invention.

Skilled addressees will appreciate that elements in the drawings are
iilustrated for simplicity and clarity and have not necéssarily been .drawn to
scale. For example, the relati\)e d imension_s of some of the elements in the
drawings may be distorted to hélp improve understanding of embodiments of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Some embodiments of the present invention are directed to improved
inte‘gréted drying ‘gasiﬁcation systems and methods in which at least a

portion of one or more gases in the System, such as Syngas, steam and/or

ccarbon dioxide, are input to a gasifier of the system to generate an increased

gas mass flow rate from the gasifier, which increases the drying capacity of
the hot product gases from the gasifier. |

As will be described herein, the selection of the source of the

add'iti'cir‘iaiijé’«g~ o‘r'gaskes' dféb'ehds ﬁﬁpubn“the reqUired gés“cbmposuition fo“l:'d -

processing downstream of a main filter of the system, as well as energy

efﬁcienby. heat integration and the effect on gasification performahce.
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With reference to FIG 1, an integrated drying gasification system 10
comprises" a gasifier 12 for gasifyiﬁg carbonaceous fuel, such as, 'but not
limited to, coals, lignite, peat, wood waste, biomass, bagasse, sewage etc.,

to produce hot product gas 14. The hot product gas 14 passes through a

cyclone 16 to remove particulates from the hot product gas. The extracted -

particulates are fed back into the gasifier 12 via conduit 18. The hot product
gas 14 from which the particulates have been extracted is supplied to an
entrained flow dryer 20. The dryer 20 receives the hot product gas td dry the

carbonaceous fuel prior to gasification.

The carbonaceous fuel is supplied from a hopper 22 to a steam line

24 of a pre-dryer where it is typically mixed with superheated steam around
300 to 450°C. The steam line 24 communicates the carbonaceous fuel and
steam }mixture to a cyclone 26 which separates the | steam from the

carbonaceous fuel. The pre-dried carbonaceous fuel is then fed from the

cyclone 26 to one or more lock hopper systems 28 to be pressurized for-

delivery to the entrained flow dr;'/er 20. The lock hopper system 28 will be

described in more detail below in relation tb other embodiments and aspects
of the invention. |

The carbonaceous fuel that has been dried in thé entrained flow dryer
20 by the hot product gas 14 is separated from the cooled product gas in

cyclone 30. The dried carbonaceous fuel is fed into the gasifier 12 via feed

leg 32. In the embodiment shown in FIG 1, feed‘ leg 32 comprises one or

more intermediate storage vessels 33 between the cyclone 30 and the
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- gasifier 12 according to another aspect of the invention, which will be

described in further detail below.

The cooled product gas from the cyclone 30 is communicated to a

filter 34 which removes particulates from the cooled gas to produce cleaned

gas, typically referred to as syngas (synthetic/synthesis gas) 36. The syngas
36 is then used to produce a range of saleable products, such as diesel,
naphtha, hydrogen and/or urea, to name but a few, and/or the syngas 36 is
used for power generation.

In accordance with embodimehts of the present invention, system. 10
comprises at least one inlet 38 to the gasifier 12 to communicate one or
more additional gases from the system to the gasifier 1‘2 to generate an
increased hot pfoduét gas rhass flow rate from the gasifier 12. The increased
gas mass flow exiting the gasifier 12 allows higher moisture content
carbonaceous fuels to be supplied to the integratéd dryer 20, thus reducing
the external drying required and increasing the overall performance of the
integrated drying gasification sys‘tem 10. Also, fuel with higher moisture
content tﬁat previously cbuld not have been used with prior art gasification
systems can now be used with embodiments of the present invention. |

In the embodiment shown in FIG 1, one of the 'additional gases is
recycled syngas, which can be sourced from a number of locations. Insome

embodiments, the syngas is sourced downstream of one or more filters of

_the system 10, such as downstream of filter 34 comprising candle filters such

that the syngas is free, or substantially free, of particulates.
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In some embodiments, the syngas cavn be recycled immediatelyv
downstream of the main filter 34. However, at this point the syngas will be
the hottest and will have. a high moisture content. Therefore, in some
embodiments, the syngas is recycledv downstream 6f one or more syngas
coolers (not shown) of the system 10 to reduce thé températur_e and
moisture content of the recycled syngas. In some embodiments, the syngas
is recycled downstream of an ammonia scrubber (not shown) of the system
10 to reduce the ammonia and moisture content of the recycled syngas.
Re‘c‘yc.ling of the syngas downstream of the coolers or the ammoriia s¢rubber
may or mayv not include the removal of water. In other embodiments, the
syngas is recycled downstream of a water gas shift vessel of the system.

Alternatively, the syngas is recycléd downstream of an acid gas removal

system, a membrane separation system, a pressure swing adsorption

system or other syngasprocessing,e'quipment of the system.
The sysfem COmprises one of More CoMpressors 40 to increase the
pressure of the one or more recycled gases prior to communicating the

recycled gases to the gasifier. FiG 1 shows a compressor 40 for the recycléd :

: syngas 36.

According to some embodiments, the additional gas is steam. The

use of a steam supply to the gasifier 12 has the benefit of increasing the char '

reaction rate, as well as optimising the water to carbon monoxide ratio in the

product gas supplied to the shift reactor. Steam is also preferred if there is

an excess of steam available in the overall process.
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According to some embodiments, the additional gas added to the
gasifier 12 is recycled carbon dioxide. For applications where carbon dioxide

is being captured, a portion of the carbon dioxide can be recycled back to the

~ gasifier 12. Carbon dioxide is one of the main gasification agents and can

be used to increase char reaction rates.

According to some embodiments, the additibnal gases communicated
fo the gasifier 12 include syngas and steam or syngas and carbon dioxide or
steam and carbon dioxide or syngas, steam and carbon dioxide.

In gasification systems which utilize .a fluid bed gasifier, the supply of
the additional gas or gases to the Qasiﬁer 12 has the additional benefit of
inCreasihg the level of fluidisation and mixing within a fluid bed 42, as well as

) , .

assisting the control of peak temperaturés in the gasifier 12.

The one or more additional gases can be supplied to the fluid bed 42

'and/or to a freeboard region 44 of the gasifier 12. However, FIG 1 only

shows the supply of additional gas in the form of recycled éyngas to the fluid
bed 42 via inlet 38. Inlet 46 represents thé supplyb of oxygen to the gasifier
12.

The additional gas can be supplied to the gasifier 12 by a number of
means, depending upon which gas supply is used. Gas is generally supplied
to the gasifier 12 off supply ring main(s) to a number of nozzles at differént
set Ievel(s)’ or height(s) in the gasifier.

With reference to FIGS 2, 3 and 4, the one or more additional gases

: ca‘n be supplied to the gasifier 12 via a plurality of nozzles 48 connected to



WO 2012/151625 _ ‘ PCT/AU2012/000497

10

15

20

14
the gasifier 12 at a variety of levels Qf the gasifier 12 in accordance with
embodiments of the present invention.

For embodiments in which the édditional gasis, or includes, recycled
syngas, as syngas is combustible with oxygen, the nozzles 48 supplying
recycled syngas 36 ihto the gasifier 12 need to be kept separate from the
oxygen flow to maximise the oxidant reaction with char and reduce peak
temperatures in the gasifier 12. Hence, in some embodiments, ‘reci/cled
syngas is suppliéd to the gasifier 12 via nozzles 48 connected to the syhgas
supply line, which are separate from nozzles 50 that supply oxygen to fth’e
gasifier 12. As shown in FIG 2, alternate syngas / oxygen supply levels can
be provided to minimise the number of ring mains. Separaté rings 54
comprising respective nozzles 48 are providéd for the recycled syngas
supply at alfterhate levels and separaté rings 56 corhprising 'respective _
nozzles 50 are provided for the oxygen supply at alternate levels. Steam
and/or recycled carbon dioxide can be providé.d in a similar manner.

With reference to the embodiment shown in FIG 3, separate rings 54

. comprising respective nozzles 48 for recycled syngas supply and separate -

rings 56 comprising respective nozzles 50 for oxygen supply are provided at
each level. In this embodiment, rings 54 and 56 and their respective nozzles
48 aﬁd 50 at each level are vertically spaced apart by a relatively small
distance compared with the vertical separation between adjacent levels.

. Inthe embodiment shown in FIG 4, ring 54 for supplying the recycled

gas and ring 56 for supplying oxygen are vertically spaced apart by a

relatively small distance. However, in this embodirhent, ring 54 includes
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downwardly depending tubes or conduits 58 from which nozzles’ 48 extend
for connection with the gasifier 12 such that the recycled gas is injected into
the gasifier at the same:-level as the oxygen. Nozzles 48 for injecting the
recycled gas and nozzles 50 for irijecti'ng the oxygen alternate around the
circumference of the gasifier 12 at each level. -

Steam and carbon dioxide are not’ combustible with oxygen.
Therefore, stearﬁ and/or recycled ‘carb‘on dioxide can be pre-mixed with
oxygen upstream of the ring main prior to supply to the gasifier 12. In some
embodiments, steam and/or carbon dioxide can be supplied as an annulus to
prevent hot spots near the hozzles and the wall of the gasifier 12.

According to another aspect of the present invention a method of
improving the performance of an integrated drying gasification system 10 is
provided. The method includes-adding one or more gases, such as recycled
syngas, steam and/or recycled carbon dioxide, from the system 10 and
communicating the one or more adqitional gases to the gasifier 12 to
generate an increased hot product gas mase ﬂ.ow‘rate from the gasifier 12.
The method can include increasing the pressure of the one or more
additional gases prier to communicating the additional gases fo the gasifier.

Reference is now made to the aforementioned problems of increased
costs and complexity of the IDG process due to multiple integrafed dryers

per gasifier (for oxygen or air'blown gasification) because of the requirement

for multple lock hoppers to achieve the required feed rate of carbonaceous |

fuel in.commercial scale plant. In accordance with other aspects of the

present: invention, the number of integrated dryers can be reduced to just
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one through the development of multiple feed systems into one entrained
flow dryer. |

With reference to FIG 5, an improved integrated drying gasiﬁcatioh
system 100 is provided comprising a similar arrangement to that described
above in relation to FIG 1 .} Hence, the system 100 comprises a gasifier 12 for
gasifying carbonaceous fuel to produce hot product gas 14. System 100 also
comprises a single entrained flow dryer 20 which réceives the hot product
gas 14 to dfy the carbonaceous fuel prior to gasification. However, in this

embodiment,- system 100 comprises a plurality of lock hopper systems 28

- coupled to the single entrained flow dryer 20 to supply pressurized, pre-dried

carbonaceous fuel to the single entrained flow dryer. In the example shown

in FIG 5, system 100 comprises three lock hopper systems 28A, 28B and
'28C.

| With reference to FIG 6, in preferred embodiments,. the system
comprises a respective feed point 102A, 102B, 102C to the entrain'ed‘ flow
dryer 20 for each. lock hopper system 28A, 288, 28C. The respective feed
points 102A, 102B, 102C are provided around a circumference of the
entrained flow dryer 20, for example at intervals of 90 deérees.' in this
embodiment, respective féed points 102A, 102B, 102C are provided at the
same level. For the sake of clarity, FIG 6 only shows the third hopper of each

lock hopper system 28A, 28B, 28C. It is envisaged that in some

embodiments, two, three or four lock hopper systems 28 can be coupledtoa

single entrained flow dryer 20. However, in other embodiments, more than

four lock hopper systerhs 28 canbe Coupled to a single entrained flow dryer
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20, for example, by coupling the lock hopper systems to the single entrained
flow dryer 20 at cﬁfferent levels. |

At theA dutlet of the dryer 20, the cooled syngas and dried
carbonaceous fuel pass through a number of cyclones (in series and in
parallel). The separated dried carbonaceous fuel is then supplied to the feed
|ég 32 to distribute the carbonaceous fuel into the gasifier 12, as described
above. N |

Reference is now made to the aforementioned problem of disruption -

of the feed of carbonaceous fuel, such as coél, to the entrained flow dryer

20. According to further aspects of_ the present invention, to address this
problem, at least one intermediate storage vessel 33 is provided in the feed
leg 32 to maintain a cohstant supply of carbonaceous fuel to the gasifier 12.
The intermediate storage vessel 33 can supply dried carbonaceous fuel to
the gasifier 12 for a temporary period independently of carbonaceous fuel
supplied to thé entrained flow dryer 20 of the system. According to some
embodiments, in the event that the supply of carbonaceous fuel to the
entrained flow dryer 20 ié disrupted for some reason, the intermediate
storage vessel 33 can provide a supply of carbonaceous fuel to the gasifier
12 for a period of between about 10 and about 20 minutes. Howe\)er, other
temporary supply periods are envisaged, which will depend on factors such
as the capacity of the intermediate storage vessel 33 and the feed rate to the
gasifier 12. |

in some embodiments, muitiple intermediate storage vessels 33 are

provided in the feed leg 32 to increase the time for which a constant supply
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of carbonaceous fuel can be supplied to the gasifier 12 in the event of a
disruption to the supply to the entrained flow dryer 20.

Consequently, disruptions to the feed of carbonaceous fuel to the

“main dryer 20 will not affect gas production in the gasiﬁér 12, or the control

of key parameters, such as fluid bed, temperature, whilst the 'one or more
intermediate storagve vessels 33 can supply the gasifier 12, thus minimising
the effect of any éuppiy disruption on downstream processes. N
Hence, according to further aspects of the present invention, there is
also provided an iinprpved integiated drying gaéiﬁcation sysiem 100
comprising the gasifier 12 for‘ gasifying carbonaceous fuel to produce hot
product gas 14. The system 100 also comprises the feéd leg 32 coupled to
the gasiﬁer 12 to supply dried carbonaceous fuel to the gasiﬂer 12. The
system 100 further comprises at least one intermediate étorage vessel '33 in

the feed leg 32 to maintain a constant supply of carbonaceous fuel to th_e

- gasifier 12 for a temporary périod independently of carbonaceous fuel

supplied to the entrained flow dryer 20 of the system.
The intermediate storage vessel 33 can be used for 6xygen blown or
air blown gasification applications. The ‘intermedia‘te storagie vessel 33 cah ,
be used for systems comprising single or multiple entrained dryérs 20.
‘According to another aspect of tiie present invention, an improved

gasiﬁcatidn system includes a gasifier comprising a plurality of feed legs for

- delivering carbonaceous fuel to the gasifieri. In some embodiments, the .

gasifier is a fluid bed gasifier and the multiple feed legs provide

carbonaceous fuel to a fluid bed of the gasiﬁcat_ion vessel. The feature of
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multiple feed legs to the gasifier is preferably used in conjunction with the

one or more intermediate storage vessels 33 described above. In preferred

| embodiments, the gasifier comprisés three feed Iegs arrahged around the

circumference of the gasifier, or around part of the circumference of the
gasifier. In‘ some embodiments, multiple feed legs.aré arranged at intervals
of 90 degrees around the circumference ofthe gasifier 12. However, in other
embodiments, multiple feed legs can be arranged at other angles.

Cn sqnie embodiments, the feed legs are coupled to the gasifier at the
same level. In other erhbodiments, the feed legs can be éou’pled at different
levels of the gasifier. |

Viewed from a different perspective, this aspect of the invention can
be considered as the feed leg 32 split into a plurality of feed. legs, 32a, 32b,
32cetc., {o distribute the carbonaceous erl into the gasifier 12 ata plufality
of pd.ints. The arrangement can domprise a central feed |ég,. with the other
two feed Iegs‘ offset 90 degreés either side of. the gasifier (i.e. diametrically
opposed). The use of multiple feed 'Ie'gs' has the advantage'of spreading the

carbonaceous fuel feed more evenly to the gasifier, which ensures an even

- gasifier bed temperature. Also, in the event that there is a blockage or other

problem with one of the feed legs, the one or more other feed legs can
maintain a subply of fuel to the gasifier.

The feed legs 32a, 32b, 32c etc. can eithér incorporate a screw feeder

The gasifier feed point is at a higher pressure than the outlet of the )

main dryer cydlones (e.g. cyclone 30) asa resUIt of a pressure drop through
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the gasifier 12, gasiﬁer cyclones 30, hot gas piping,vthe main dryer 20 and
the main dryer cyclones 16. The dried carbonaceous fuel therefore has to
feed against this pressure differential. The feed legs and the dry

carbonaceous fuel intermediate storage vessel 33 are designed to ensure

“that there is sufficient pressure recovery up the feed leg 32 to ensure stable

feeding. This is achieved by ensuring that there is sufficient height (or head)
of dried carbonaceous fuel in the feed Ieg 32 and intermediate storage
vessel 33.

It will be appreciated that one or more of the aforementioned aspects

of the present invention can be incorpcrated in a single inte_grated drying

gasification system.

International Patent Publication No. WO 93/23500 discloses
integrated ' carbonaceous fuel drying and gasification processes and

apparatus, ihe contents of which are hereby incorporated by reference. This

‘technology is also known as Integrated Drying Gasification Combined Cycle

(IDGCC) technology. Embodiments of the present invention described herein
are particularly applicable to the processes and appératusof WO 93/23500
or parts thereof. |

Howe'v’er, it will be appreciated that embodiments of the present
invention descrrbed herein can bevused with a variety of other gasification

plant including gasification plant which does not use a fluid bed gasifier. For

 example, the enhanced drying capability can also be applied to entrained

flow, transport (or other) gasification technologies. With e‘ntrained' flow .

gasifiers, the gasifier outlet temperature is typically between 1,200°C and
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1,600°C. However, the temperature on entry to the drying shaft needs to be
controlléd to a temperature in the order ‘of 750°C to 1,050°C. 'The mass flow
éxitihg the gasifier can be increased by recycling gas or adding steam
directly to the gasifier. The temperéture of the syngas supplied to the drier
shaft can be reduced by mixing recycled'gas or steam to the gas flow exiting
the gasifier. The relative quantity of gas supplied directly to the gasifier or to
the gasifier outlet can be controlled depending upon the moiéture content of
the carbonaceous fuel being supplied and the required gasi_fier outlet and
main dryer inlet / outlet temperatures. Where embodiments of the present
invention are used with entrained flow gasifiers, water can be sprayed
directly into the gasifier or at the outlet of the gasifier.

Hence, embodiments of the present invention provide solutions for
alleviating the aforementioned problems of the prior art. The increased gas
mass ﬂow exiting the gasifier achieved by adding one or more gases from
the system, such as recycled syngés, steam and/or recycled carbon dioxide,
allows higher moisture content carbonace.ous fuels to be supplied to the

integrated dryer 20, thus reducing the external drying required and increasing

~ the overall performance of the system.

Providing a plurality of lock hopper systems 28 coupled to the singl_e

entrained flow dryer 20 to supply pressvurized , pre-dried-carbonaceous fuel to

the single entrained flow dryer avoids the increased costs and complexity
asspcigtg_ad with employing multiple entrained flow d_ryérs whilst achieving the

desired feed rates of carbonaceous fuel for commercial scale operations.
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‘Providing one or more intermediate storage vessels 33 in the feed leg
32 enables dried carbonaceous fuels to be supplied to the gasifier 12 for a
temporary period independently of carbonaceous fuel suppiied to the

entrained flow dryer 20 of the system. Therefore, disruptions to the feed of

carbonaceous fuel to the main dryer 20 will not affect gas proddction in the

gasifier 12, or the control of key parameters, such as fluid bed temperature,
thus minimising the effect of any supply disruption on downstream
processes. | |
| Splitting the feed leg 32 into a plurality of feed legs enables
carbonaceous fuel to be delivered to a fluid bed of the Qasiﬁcation vessel 12
in a distributed manner to ensure an even gasification temberature. The
pluraliﬂ of feed legs also aid in providing sufficient ’pre.ssure recovery in the
feed leg 32 for stable supply of carbonaceous fuel to the gasiﬁer 12.
Throughout the specification the aim has been to describe the
preferred embodiments of the invention without limiting the invention to any
one embbdiment or specific collection of features. It is to be appreciated by
those of skill in the art that various modifications and changes can be made
in the particular embodiments exemplified without departing from the scope

of the present invention.
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CLAIMS

An integrated drying gasification system comprisihg:

a gasifier for gasifying carbonaceous fuel to produce hot

product gas;

an entrained flow dryer which receives the hot product gas to
dry the carbonaceous fuel prior to gasification; and

at least one inlet to‘ the- gasifier to communicate one or more
additional gasés from the system to the gasifier }to generate an

increased hot product gas’mass flow rate from the gasifier.

The system of claim 1, wherein the additional gas is selected from
one or more of the following: recycled syngas;'steam; recycled carbon

dioxide.

The system of claim 2; wherein the syngas is recycled downstream of
a syhgas cooler of the system to reduce the temperature of the

recycléd syngas.

The system of claim 2 or 3, wherein the syngas is recycled
downstream of an ammonia sdrubber of the system.
The system of any of clairhs 2 to 4, wherein the syngas is recycled

downstream of one or more of the following of the system: a main
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filter, a water gas shift vessel;, an acid gas removal system; a
membrane separation system; a pressure swing adsorption system;

other syngas processing equipment.

The system of any of claims 2 to 5, wherein the system comprises a
compressor to increase the pressure of the one or more recycled

géses prior to communicating the recycled gases to the gasifier.

The system of any preceding claim, wherein the _gasiﬁer is a fluid bed
gasifier and the one or more additional gases are supplied to a fluid

bed and/or a freeboard region of the gasifier.

The system of any preceding claim, wherein the one or more
additional géses are supplied to the gasifier via a plurality of nozzles

at a variety of levels of the gasiﬁer.

' The system of any preceding claim, wherein each additional gas is

supplied to the gasifier via respective separate nozzles for each gas.

The system of claim 9, wherein the separate nozzles are also

separate from nozzles that supply oxygén to the gasifier.

The system df any of claims 1 to 8, wherein steam and/or recycled

carbon dioxide is mixed with oxygen prior tb supply to the gasifier.
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A method of improving the performance of an integrated drying

gasification system, the method including adding one or more gases
from the system to a gasifier of the system to generate an increased

hot product gas mass flow rate from the gasifier.

The method of claim 12 including, where the one or more gases are
recycled syngas and/or recycled carbon dioxide, increasing the

pressure of the one or more recycled gases prior to communicating

~ the one or more recycled gases to the gasifier.

“An improved integrated drying gasification system comprising:

a gasifier for'gasifying carbonaceous fuel to produce hot
product gas; |

a single entrained flow dryer which réceives the'hdt producf
gas to dry the carbonaceous fuel ‘prior to gasification; and

a pluf_ality of lock hopper systems coﬁpled to the single
entrained flow dryer to supply pressurized, pre-dried carbonaceous

fuel to the single entrained flow dryer.

The system of claim 14, further Comprising a respective feed point to

theﬁt_ent_rained flow dryer _fp_r each lock ‘hopp‘errsystem.
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The system of claim 15, wherein the respective feed points a[é

provided ardund a circumference of the entrained flow dryer.

The system of claim 15 or 16, wherein the respective feed points are
provided at the same level, or at different levels, of the entrained flow

dryer.

An improved integrated _drying gasification system comprising:
a gasifier for gasifying carbonaceous fuel to produce hot
product gas;

a feed leg coupled to the gasifier to supply 'carbonaceous fuel

to the gasifier; and

at least one intermediate storage vessel provided in the feed

‘ Iég to maintain a constant supply of carbonaceous fuel to the gasiﬁer_

for a,témporary period independently of carbonaceous fuel supplied

to an entrained flow dryer of the system.

The system of claim 18, wherein the intermediate storage vessel can

provide a supply of carbonaceous fuel to the gasifier for a period of

‘between about 10 and about 20 minutes.

_The systém pf4 c]'aim 18 or 19, wherein the intermediate storage

vessel is provided in each feed leg coupled to the gasifier.
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The system of any of claims 1 to 11 or 14 to 20, 'comprising a plurality

- of feed legs coupled to the gasifier for delivering carbonaceous fuel to

the gasifier.

The system of claim 21 comprising three feed Iegé arranged around

the circumference of the gasifier.

The system of claim 21 or 22, wherein the feed legs are arranged at

regular intervals around the circumference of the gasifier.

The system of any of claims 21 to 23, wherein the feed legs are
arranged at intervals of 90 degrees around part of the circumference

of the gasifier.

The system of any of claims 21 to 24, wherein the feed legs are

coupled to the gasifier at the same level, or at different levels.

The system of any one of claims 1to 6, 8 to 11 or 14 to 25, wherein
the gasifier is an entrained flow gasifier and water is sprayed into the

gasifier or at the outlet of the gasifier.
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