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(57) Abstract: The invention relates to a drying apparatus (1) for drying
bulk material comprising -a closed circulation conduit (4) being adapted to
be filled with a drying medium when said drying apparatus is in operation
-a fan (12) connected into said closed circulation conduit for generating a
flow of drying medium, -heating means (13) connected to the fan (12) for
indirectly heating the drying medium, -inlet feeding means (6) connected
to said closed circulation conduit (4) for feeding bulk material into the
closed circulation conduit, -a drying enclosure (7) connected to the inlet
feeding means (6) wherein said bulk material is dried by transfer of ther-
mal energy from said drying medium, -separating means (8;8'") connected
to the drying enclosure (7) for separating bulk material from said drying
medium, -a surplus steam outlet (14) connected to said closed circulation
conduit (4) for releasing surplus steam (10), wherein said separating
means (8) comprise a plurality of cyclones (8a-d;8'a-d). The present inven-
tion also relates to a process for drying bulk material using said drying ap-
paratus and to the use of said drying apparatus to dry wood based bulk ma-
terial or agricultural based bulk material. The present invention also re-
lates to a combined heat and power plant comprising said drying appara-
tus.
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Drying apparatus and process for drying bulk material and use of said drying
apparatus to dry bulk material

Field of invention

The present invention relates to a drying apparatus for drying bulk material according to the
preamble of claim 1. The present invention also relates to a process for drying bulk material
using said drying apparatus. The present invention also relates to a combined heat and power
plant comprising said drying apparatus. The present invention also relates to the use of said
drying apparatus to dry wood based bulk material or agricultural based bulk material.

Background

Drying apparatus for drying bulk material are known where wet or moist feed stock is dried by a
drying medium, normally a heated gaseous medium. A cyclone in the drying apparatus
separates the dried bulk material from the drying medium, where after the drying apparatus
discharges the bulk material. Some prior art drying apparatus reheats and recycles the drying
medium. However, insufficient separation of dried bulk material from the drying medium may
give rise to accumulation of particles of the bulk material in the recycled drying medium. These
particles and other derivable matters, such as lignin and tar from the particles, can accumulate in
the drying medium and may deposit on heat conducting surfaces in a heating means, which is

disadvantageous for efficient heat transfer.

Summary of the invention

With the above description in mind, the object of this invention is to provide a drying apparatus
wherein the separation of bulk material from the drying medium is improved and whereby at
least some of the disadvantages of known technology are overcome.

The productivity and efficiency of the drying apparatus may thereby be increased and the cost
and time for maintenance of the heating means in the drying apparatus may also be reduced.

In accordance with the present invention, this and other objects, apparent from the following
description, are achieved by a drying apparatus for drying bulk material according to claim 1.
Said drying apparatus comprises a closed circulation conduit being adapted to be filled with a

drying medium when said drying apparatus is in operation. The drying apparatus also comprises
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a fan connected into said closed circulation conduit for generating a flow of drying medium and
heating means connected to the fan for indirectly heating the drying medium. The drying
apparatus also comprises inlet feeding means connected to said closed circulation conduit for
feeding bulk material into the closed circulation conduit and a drying enclosure connected to said
inlet feeding means wherein said bulk material is dried by transfer of thermal energy from said
drying medium. The drying apparatus also comprises a surplus steam outlet connected to said
closed circulation conduit for releasing surplus steam and separating means connected to the
drying enclosure for separating bulk material from said drying medium, wherein said separating

means comprises a plurality of cyclones.

As the drying apparatus comprises a separating means comprising a plurality of cyclones, each
cyclone will receive only a part of the amount of flow of bulk material and drying medium.

The size of the cyclones can therefore be reduced in comparison with the prior art single cyclone,
which means that the pressure drop in each cyclone may be less and the centrifugal force on the
bulk material may be higher than in the prior art single cyclone. As a result, even though the
separation may be carried out in only one step, the separation efficiency and the efficacy of the
drying apparatus can be substantially improved.

Another advantage of the present invention is that the utilization of a separating means
comprising a plurality of cyclones in the drying apparatus results in less accumulation of particles
in the drying medium. This means that less particles are recycled with the drying medium {o the
heater, consequently also less particles may be deposited on the heat conducting surfaces of
the heater. A decrease in deposits of particles and derivable matters from the particles in the
heating means greatly extends the operating periods and lowers the maintenance costs for

cleaning and replacing parts of the heater.

Another advantage of the present invention is that the utilization of a separating means
comprising a plurality of cyclones surprisingly results in a large reduction of pollutants in the
effluents to the external waste water system. Pollutants such as biochemical oxygen demand
(BOD) and chemical oxygene demand (COD) originate from suspended particles of bulk material
in the waste condensate, which represent a large part of the effluents from the drying apparatus.
The waste condensate is generated in the energy recovery process where latent heat in surplus
steam released from the drying apparatus is recovered. The drying apparatus of the present
invention significantly reduces the amount of particles of bulk material in the surplus steam,
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consequently the amount of particles in the waste condensate is also considerably reduced.

In accordance with the present invention, the above mentioned object and other objects
apparent from the following description are also achieved by a process for drying bulk material in
a drying apparatus according to the present invention, where said drying apparatus comprising a
closed circulation conduit filled with a drying medium when the drying apparatus is in operation
and which process comprises generating a flow of said drying medium by a fan inside said
closed circulation conduit and indirectly heating said drying medium by heating means. The
process also comprises feeding bulk material by inlet feeding means into a flow of said drying
medium inside said closed circulation conduit, and drying said bulk material in a drying
enclosure by transfer of thermal energy from said heated drying medium into said bulk material.
Said process also comprises releasing surplus steam via a surplus steam outlet from said closed
circulation conduit and separating said bulk material from said drying medium by a separating

means comprising a plurality of cyclones.

Furthermore, there is also disclosed a combined heat and power plant comprising a drying
apparatus according to the present invention. Also disclosed is the use of a drying apparatus
according to the present invention to dry wood based materials. Furthermore, also the use of a
drying apparatus according to the present invention to dry agricultural based materials is

disclosed.

A better understanding of the present invention will be had upon the reference to the following
detailed description when read in conjunction with the accompanying drawings, wherein like
reference characters refer to like parts throughout several views, and in which:

Figure 1 illustrates a schematic process scheme of a the drying apparatus according to the

invention having a first variant of separating means.

Figure 2 illustrates a second variant of separating means of the drying apparatus according to

the invention.

Figure 3 illustrates a length sectional view of the first variant of separating means shown in
figure 1.
Figure 4a illustrates a schematic cross sectional view of the first variant of separating means
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with three cyclones.

Figure 4b illustrates a schematic cross sectional view of the first variant of separating means

with six cyclones.

Figure 5 illustrates schematic process scheme for a combined heat and power plant integrated

with a fuel factory with a drying apparatus according to the invention.

Detailed description of preferred embodiments

In this specification ‘bulk material’ has a broad meaning which includes any moist or wet solid
organic particulate bulk material with a size distribution and particle density suitable for
pneumatic transport. The particulate bulk material particularly includes biomass derived from
plants and animals. Examples include agricultural residues and wastes (stalks, straw etc), wood
based raw materials (wood chips, bark, splinters and wood shavings), forest residues; sawmill
wastes (saw dust), peat, energy crops and livestock wastes (from dairy, hog and pouliry farms).
The particulate bulk material also includes biomass based on residues from the food industry.
These particulate bulk materials usually have an initial moisture content of at least 40% moisture
on a weight basis. Similarly, ‘steam’ has a broad meaning which includes aqueous vapour, an
oxygen free gaseous medium and mixtures thereof. Furthermore, ‘drying medium’ has a broad
meaning which includes dry, wet, saturated, heated or superheated steam and combinations

thereof.

With reference to figure 1 a drying apparatus 1 for drying bulk material 9 according to an aspect
of the invention is illustrated which comprises a heating section 2 and a drying section 3
connected to each other to substantially form a closed circulation conduit 4. In operation of the
drying apparatus 1, the closed circulation conduit 4 is filled with a heated drying medium 5 such
as heated wet steam or superheated saturated steam, thereby forming an oxygen free, inert,
internal environment which inhibits the risk of dust explosions. The closed circulation conduit 4
comprises conduits and ducts for conducting bulk material suspended in drying medium

between the elements of the drying apparatus.

One purpose of the drying medium is to transfer thermal energy into the bulk material, another
purpose of the drying medium is to convey, by means of pneumatic transport, bulk material
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through said drying section 3 from inlet feeding means 6 to separating means 8.

The drying section 3 comprises inlet feeding means 6, a drying enclosure 7 and separating
means 8. The inlet feeding means 6, such as an inlet feeder, is connected into the closed
circulation conduit 4 downstream of the heating section 2 in relation to the direction of the flow of
drying medium inside the closed circulation conduit 4. The inlet feeding means 6 feeds moist or
wet bulk material 9 into said closed circulation conduit 4 wherein a flow of drying medium is
circulated. Feeding may be carried out semi-continuously or continuously. The inlet feeder 6 is
preferably a cellular feeder, a plug screw feeder or a similar feeding device providing a marginal
drying medium leakage at the actual differential pressure thereby being adapted to avoid
pressure loss from the closed circulation conduit of the drying apparatus. A drying enclosure 7
such as a drying conduit, a rotary drum or a fluid bed is connected to and downstream of the
inlet feeder 6. Drying of the wet or moist bulk material 9 is carried out by mixing the bulk material
and the heated drying medium 5 in the drying enclosure 7 whereby thermal energy is transferred
from said heated drying medium into the particles of said bulk material. Moisture and volatiles in
the particles of the wet bulk material 9 vaporizes and forms surplus steam 10. Drying is carried
out at steady state conditions, meaning fully developed pneumatic transport of said bulk material
9 by the drying medium 5 through the drying enclosure 7.

The dried bulk material 9 suspended in the drying medium is conducted in the closed circulation
conduit 4 to separating means 8 connected to and downstream of the drying enclosure 7 in
relation to the direction of the flow of drying medium inside the closed circulation conduit. The
separating means 8 comprise a plurality of cyclones which can separate the dried bulk material
from the drying medium in one single separation step.

The separating means 8 is further described below. The separated bulk material is discharged
from the drying apparatus 1 via an outlet feeder 11, and the drying medium is returned to the

heating section 2.

The heating section 2 comprises a fan 12, a heater 13 and a surplus steam outlet 14. The fan 12
generates a flow of drying medium 5, said conveying steam, which circulates in the closed
circulation conduit 4. A first end of the heater, indicated by 13a, is connected to the fan 12. The
heater 13 indirectly heats or superheats the drying medium. The heater comprises a heat
exchanger and is supplied by primary heat from flue gas, pressurized steam, hot water, thermal
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oil or similar from a heat source. In particular industrial processes using steam, for example a
combined heat and power plant, a paper mill, a steam generation plant or similar can supply

heat to the drying apparatus 1.

A second end of the heater, indicated by 13b, is connected to the drying section 3 in the closed
circulation conduit 4. Furthermore, the heating section 2 comprises a surplus steam outlet 14
which releases the surplus steam 10 evaporated from the particles in the bulk material in the
drying process. Thereby the operating conditions, such as the pressure and the temperature, of

the drying apparatus 1 may be controlled and maintained.

The heating section 2 is connected downstream of the separating means 8 in relation to the
direction of the flow of drying medium inside the closed circulation conduit. Consequently only
the drying medium is conducted through the fan 12 and the heater 13. The bulk material 9 is
only conveyed through the drying section 3 and bypasses the heating section 2. Since the
temperature of the drying medium inside the heater 13 is well above the softening temperature
of lignin, it has to be avoided that particles of the bulk material are conveyed with the drying
medium to the heater. The particles and derivable matters like lignin and tars may otherwise
easily be released and deposit on the surfaces in the heating section 2 and particularly on the
heat conducting surfaces of the heater 13. The efficiency of the heating means depends on the
transfer of thermal energy from the heat conducting surface of the heating means to the drying
medium, if the heat conducting surfaces are not clean, the transfer of thermal energy to the

drying medium decreases.

The surplus steam outlet 14 is connected downstream of the separating means 8 in relation to
the direction of the flow of drying medium inside the closed circulation conduit. The surplus
steam 10 may be fed to energy recovery means 15, such as a steam regenerator or condenser
as part of an energy recovery process. In the energy recovery means 15, the surplus steam is
cooled and depleted of energy, whereby clean steam and waste condensate is generated. The
waste condensate contains in particular condensed volatiles but may also contain suspended
particles of bulk material which have not been separated from the drying medium by the
separating means 8. The suspended particles of bulk material in the waste condensate may give
rise to pollutants like biochemical oxygen demand (BOD) and chemical oxygene demand (COD)
in the effluents from the drying apparatus. The environmental laws regarding effluents from

industries are becoming increasingly stricter and demands careful supervision and control of the
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levels of pollutions in industrial effluents. However, since the separating means 8 has proven to
be very efficient, the environmental load from the drying apparatus and drying process is very
limited. A surprising effect of utilizing the separating means 8 in the drying apparatus of the
present invention is that generally no subsequent waste water treatment of the waste
condensate is necessary, since the level of amount of suspended particles in the waste

condensate is insignificant or at least well below the permissible limits.

The dried bulk material discharged from the drying apparatus 1 may be used in further industrial
applications such as fuel in a combustions chamber in a combined heat and power plant or in
the production of wood based panels like MDF or in the production of bio fuel pellets for the
consumers market.

In particular when the feedstock is originating from wood or forest products, the energy content
in the dried material is high and can be used for production of bio fuel pellets or be used as fuel
in a combined heat and power plant supplying the drying apparatus with primary heat. By
varying the pressure and temperature inside the drying apparatus 1 and by adjusting the volume
of wet bulk material fed to the drying apparatus, different characteristics of the final product can
be achieved. For example, the bulk material can be dried to very low moisture content. In case
the dried bulk material is to be used in the production of bio fuel pellets, the moisture content
should be below 12 % by weight. Another application of the dried bulk material is in the
production of wood polymer composites. In such case the moisture content should be below 2%
by weight, preferably below 1% by weight, most preferably below 0,5 % by weight.

In the following, several variants of separation means are described, each of which can be
integrated in the drying apparatus described above. Furthermore, all like features are referred to
with like references.

Figure 1 further illustrates a first variant of the separating means 8. The separating means 8
comprise a plurality of cyclones. This means that the separation means 8 comprises at least two
cyclones. In the drying apparatus illustrated in figure 1 the first variant of separating means 8
comprises four cyclones 8a-d of uniform size and configuration. It is however possible to vary
the number of cyclones in accordance with the volume and type of bulk material to be dried.

The plurality of cyclones 8a-d in the separating means 8 are connected via a common inlet

passage 16 to the drying enclosure 7. The cyclones 8a-d are also connected via a common gas
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outlet passage 17 to the fan 12. The flow of suspended bulk material 9 and drying medium 5 is
thereby conducted from said drying enclosure 7 via said common inlet passage 16 concurrently
to all of said plurality of cyclones 8a-d and the drying medium 5 is discharged concurrently from
all of said plurality of cyclones 8a-d via a common gas outlet passage 17 to said fan 12. This has
the advantage that that the separation of said bulk material 9 from said drying medium takes
place before the drying medium is returned to the heating section, where suspended particles
otherwise could deposit on the surfaces of the fan 12 and the heater 13.

The plurality of cyclones 8a-d are preferably connected in parallel via cyclone inlet ducts 18a-d
to said common inlet passage 16. Furthermore the plurality of cyclones 8a-d are preferably also
connected in parallel via gas outlet ducts 19a-d to said common gas outlet passage 17. Said
flow of bulk material and drying medium is thereby distributed concurrently to the plurality of
cyclones connected in parallel via said cyclone inlet ducts 18a-d and the drying medium is
discharged concurrently from the plurality of cyclones connected in parallel via said gas outlet
ducts 19a-d. One functional advantage of this is that the flow of bulk material and drying medium
is shared between the plurality of cyclones, which results in that each cyclone only receives a
part of the entire flow. Consequently the dimensions of the cyclones may be reduced and the
cyclonic separation efficiency is improved.

The common inlet passage 16 comprises a vertical inlet segment 20a and the plurality of
cyclones 8a-d are preferably symmetrically arranged around said vertical inlet segment 20a.
The plurality of cyclones 8a-d are preferably equidistantly arranged in relation to said vertical
inlet segment 20a of said common inlet passage 16. One functional advantage of this is that an
equal distribution of the flow of bulk material and drying medium conveyed into the cyclones may
be achieved.

The common inlet passage 16 is connected to each cyclone 8a-d via a cyclone inlet duct 18a-d
to distribute the flow of bulk material and drying medium into the cyclones. Preferably each
cyclone is connected to said vertical inlet segment 20a of the common inlet passage 16 via its
own cyclone inlet duct 18a-d. Preferably the cyclone inlet ducts are as short as possible to limit
the flow resistance, however the length of the cyclone inlet ducts may be adapted to the
circumstances. Preferably all cyclone inlet ducts 18a-d have equal cross sectional area to

achieve an equivalent volume of flow through each respective cyclone.

In figure 1 it is shown that the common inlet passage 16 comprises a U-shaped conduit 21
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connected in between the drying enclosure 7 and the separation means 8. Said U-shaped
conduit 21 comprises two vertical segments 20a, 20b and a curved segment 20c connecting
said vertical segments 20a, 20b in their lowermost end. One of the vertical segments 20a is
disposed in the center between the four cyclones 8a-d. However, the common inlet passage 16
can alternatively comprise a conduit having a horizontal segment, a curved segment and a
vertical segment, wherein the horizontal segment is connected to the drying enclosure 7(not

shown in figure).

In the drying apparatus shown in figure 1 the first variant of separating means 8 comprises four
cyclones 8a-d. In operation of the drying apparatus comprising a separating means 8 of four
cyclones 8a-d one fourth of the amount of flow of suspended bulk material and drying medium is
distributed into each cyclone 8a-d. As previously mentioned, the separating means 8 may be
configured with a different number of cyclones. The amount of flow distributed into each of the
cyclones vary in a corresponding way. For example, if the separating means 8 comprises five

uniform cyclones, each cyclone will receive one fifth of the amount of flow.

For a given total flow rate of suspended bulk material and drying medium, the pressure drop in
each cyclone 8a-d is less and the centrifugal force applied to the particles of the bulk material
during cyclonic separation is stronger in comparison with the prior art single cyclone since the
size of each of the cyclones, the width, diameter and height, can be reduced in comparison with
the prior art single cyclone. As a result, even though the separation may be carried out in only

one step, the separation efficiency can be improved.

Figure 3 illustrates a length sectional of the first variant of separating means 8. In fig 3 itis
indicated by means of an arrow that the flow of bulk material 9 and drying medium is
pneumatically conveyed upwards in a vertical direction in the vertical inlet segment 20a of the
common inlet passage 16 to the cyclone inlet ducts18a-d. By conveying the suspended bulk
material by aid of pneumatic transport vertically upwards, against gravitation, the distribution of
the particles of the bulk material is improved and a more even distribution of the particles in the
drying medium is achieved. This has the functional benefit that the particles of said bulk material
are spread more evenly in the drying medium and as a consequence a more even distribution
into the plurality of cyclones 8a-d is achieved. An equal distribution of bulk material and drying
medium conveyed into each of the cyclones may be achieved. The bulk material suspended in
drying medium is conducted by the common inlet passage 16 and distributed, apportioned, into
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the cyclones 8a-d via the cyclone inlet ducts 18a-d. The common inlet passage 16 comprises a
baffle 22 to divert the suspended bulk material into the cyclone inlet ducts18a-d.

Furthermore, in figure 3 it is also shown that each cyclone 8a-d comprises a cyclone top section
23, a cyclone separation section 24 and a cyclone collecting section 25. The cyclone top section
23 has a cylindrical cross section. The cyclone inlet duct 18a-d is disposed perpendicular to said
common inlet passage 16, and connected tangentially to the cyclone top section 23 to
tangentially introduce the flow of bulk material into the cyclone to achieve efficient cyclonic
separation. Each cyclone collecting section 25 respectively is connected to a central hopper 26
via discharge pipes 27. The cyclones are thereby connected in paraliel also to the central hopper.
The outlet feeder 11 is connected to the central hopper 26 to discharge the separated dried bulk
material from the drying apparatus 1. The outlet feeder 11 is of a similar type as the inlet feeder

6 mentioned above.

The common gas outlet passage 17 also comprises a vertical outlet segment 28, and said
cyclones 8a-d are preferably symmetrically arranged in relation to said vertical outlet segment 28
of said common gas outlet passage 17. Each cyclone 8a-d is connected to said common gas
outlet passage 17 via a gas outlet duct 19a-d to discharge the separated drying medium 5 from
each cyclone. Said gas outlet ducts 19a-d are preferably symmetrically disposed around the

common gas outlet passage 17 and connected thereto.

Preferably each cyclone is connected to said common gas outlet passage 17 via its own gas
outlet duct 19a-d. The drying medium 5 is returned to the heating section 2 by the fan 12 and
further conveyed to the heater 13 for reheating.

Figure 1 and 3 also shows a common conduit 29 located in the center between the four cyclones
8a-d disposed equidistantly from the common conduit 29. Said common conduit comprises the
common inlet passage 16 and the common gas outlet passage 17. The vertical inlet segment 20
of the common inlet passage 16 and the vertical outlet segment 28 of the common gas outlet
passage 17 are connected together, joined, to form a single united common conduit 29 with a
separating cross-sectional divider 30 to divide said common conduit into said common inlet
passage 16 and said common gas outlet passage 17. The structural benefit of this is to achieve
a compact design and improve the supporting structure for the common inlet passage and the
common gas outlet passage. In figure 3 the divider 30 is shown which comprises a divider inlet
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side 31 adjacent the common inlet passage 16 and a divider outlet side 32 adjacent the common
gas outlet passage 17. Said divider inlet side 31 comprises a baffle 22 to divert the flow of bulk
material and drying medium into said cyclone inlet ducts. The divider 30 and the baffle 22 are
provided with flat surfaces since the pressure on the divider inlet side 31 and the divider outlet

side 32 is almost identical.

As mentioned above, the number of cyclones may vary in the separating means 8. For example
the separating means 8 may comprise two, three, four, five, six or more cyclones connected

together in a corresponding manner as described above.

In figure 2 a second variant a separating means 8’ is shown which differs from the previously
described separating means 8 in that there is no direct connection between the common inlet
passage 16 and the common gas outlet passage 17. Instead the common inlet passage 16 and
the common gas outlet passage 17 are independently and separately arranged to allow for a
flexible positioning of the cyclones. In figure 2 is further shown a plurality of cyclones 8'a-d
having the same characteristics and effects as the cyclones 8a-d in the previously described
separating means 8. The conduit end 50 of the common inlet passage 16 is provided with a
baffle 22’ directed towards the inside of the conduit to direct the flow of suspended bulk material
into the cyclones. In the separating means 8' the conduit end 50 and the baffle surface 22’ may
be flat or have a curved shape, for example half spherical. This is particularly advantageous if
there is a pressure difference between the inside and the outside of the conduit end 50.

Apart from the above mentioned differences, all other features of the second variant of a
separating means 8' have the same characteristics and effects as the corresponding features in
the previously described separating means 8, and are therefore not further described.
Furthermore the second variant of separating means 8’ may be connected into a drying

apparatus 1 in a corresponding manner as the first separating means 8.

The design of the separating means 8, 8 and the number of cyclones can differ from the above
described embodiments without parting from the scope of the invention. The separation means 8
comprises at least two cyclones, alternatively the separation means 8 may comprise three, four,
five, six or more cyclones connected in parallel to the common inlet passage 16 and connected
in parallel to the common gas outlet passage 17. In figure 4a a schematic illustration is shown of
the first variant of separating means with three cyclones 8a-c. In figure 4b another schematic
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illustration is shown of the first variant of separating means 8 with six cyclones 8a-f. Also
separating means 8 may comprise for example two, three, four, five, six or more cyclones. As
the skilled person readily understands, also in the separating means 8’ the cyclones may be
connected into the drying apparatus in a corresponding manner as described above.
Adaptations of the drying apparatus 1 in respect of the positions and connections according to

the number of cyclones fall within the scope of invention.

Any type of indirectly heated drying apparatus can be used such as a pneumatic dryers, fluid
bed dryers or rotary drum dryers. The drying apparatus 1 may be a pressurized steam dryer.
Such a dryer may be operated above atmospheric pressure. Alternatively the drying apparatus 1
can also be operated at atmospheric pressure or below atmospheric pressure. The advantage of
operating the dryer above atmospheric pressure is that the thermal energy is more efficiently
recovered by the energy recovery process. This means that the drying apparatus 1 is operated
at a positive pressure relative the atmospheric pressure. The pressure range is typically from 1
to 40 bars, preferably from 2 to15 bars, more preferably from 2 to 10 bars, most preferably from
3 to 5 bars. Since the closed circulation conduit 4 of the drying apparatus 1 is filled with
pressurized steam, the oxygen level is insignificant whereby the risk of dust explosions or fire is
eliminated. The possibilities to utilize the vast heat source by recovering the latent heat in the
surplus steam increases with the temperature i.e. with the pressure in the drying apparatus 1.
Additionally, the heat capacity of the steam increases with pressure level making it possible to

reduce the dimensions of the drying apparatus.

The drying apparatus 1 may be used for drying wood based bulk material, agricultural based

bulk material and all other materials mentioned in the description above.

The thermal energy from the drying apparatus 1 may be recovered in an energy recovery
process by depleting the surplus steam 10 through indirect heat transfer to a different medium in
a recovery means 15 connected to the drying apparatus 1. Different recovery means 15 can be
used depending on the geographical location of the drying apparatus 1 but also depending on
the purpose of the final dried product, other related industrial processes etc. In areas where
district heating is available, the recovered heat can be used for feeding such a network.
Recovery means 15 can for example be a steam regenerator for condensing steam, a heat
exchanger producing [ow pressure steam where the low pressured steam can be used in a low
pressure steam turbine for producing power or a district heating net. Another possibility is to
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deliver the lower pressure steam to an external industrial process such as a saw mill or similar
where the steam can be used in a very efficient manner in for example wood drying facilities.
These are different non limiting examples for recovering the heat from the drying apparatus. If
the recovery means 15 is a steam regenerator, combustible substances from the surplus steam
may be separated by condensation, where after the combustible substances are combusted in a
combustion chamber. The heat produced by combustion may be recovered by a steam turbine
and returned as primary heat to the drying apparatus 1. However also other industrial
applications are possible, such as integration with a paper or pulp factory, chemical industry or
heavy industry like steel industry. In principle any type of steam generating process is
combinable with the drying apparatus of the present invention.

Figure 5 shows a schematic process scheme of an advantageous and energy efficient combined
heat and power plant (CHP) 36 which comprises a fuel factory 33 and the drying apparatus 1
according to the invention. The drying apparatus 1 is integrated in the fuel factory 33 which
produces energy pellets of the dried bulk material. In addition to the drying apparatus, the fuel
factory 33 also comprises a steam regenerator 34, for example a steam heat exchanger for
converting the generated surplus steam 10 to low pressure process steam and/or to produce
district heating. The fuel factory 33 also comprises a low pressure condensing turbine 35 for
producing power which can be fed to the grid. A drying apparatus of this kind, typically a
pressurized steam dryer, can have a production volume of more than 400 tons of bulk material
per day (mainly wood chips, saw dust and forest residues) and flow speed of more than 20 m/s,

which demand very large sized elements of the drying apparatus.

The combination of a combined heat and power plant and a fuel factory is particularly beneficial
since a part of the fuel produced in the fuel factory can be supplied to the combined heat and
power plant. The combined heat and power plant 36 comprises a combustion chamber 38 and a
steam boiler 37 for steam generation. The generated steam is supplied to at least one turbine 39
for power generation. The steam is led from the turbine 39 to a heat condenser 40 which can
supply a district heating net 41. Furthermore, extraction steam from the turbine at a pressure
level between 5-40 bars supplies the drying apparatus 1 with the primary heat required for drying
of bulk material by the indirect heating means 13 of the drying apparatus 1. This results in a very

efficient combined energy plant producing power, heat and fuel.
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Claims

1. A drying apparatus (1) for drying bulk material comprising

-a closed circulation conduit (4) being adapted to be filled with a drying medium when said
drying apparatus is in operation

-a fan (12) connected into said closed circulation conduit for generating a flow of drying medium,
-heating means (13) connected to the fan (12) for indirectly heating the drying medium,

-inlet feeding means (6) connected to said closed circulation conduit (4) for feeding bulk material
into the closed circulation conduit (4),

-a drying enclosure (7) connected to the inlet feeding means (6) wherein said bulk material is
dried by transfer of thermal energy from said drying medium,

-a surplus steam outlet (14) connected to said closed circulation conduit (4) for releasing surplus
steam (10),

-separating means (8;8’) connected to the drying enclosure (7) for separating bulk material from
said drying medium,

characterized in that said separating means (8;8’) comprises a plurality of cyclones (8a-d;8'a-d).

2. The drying apparatus of claim 1 wherein said plurality of cyclones (8a-d;8’a-d) are connected
via a common inlet passage (16) to the drying enclosure (7) and wherein said plurality of
cyclones are connected via a common gas outlet passage (17) to the fan (12).

3. The drying apparatus of claim 1 or 2 wherein said plurality of cyclones (8a-d;8'a-d) are
connected in parallel via cyclone inlet ducts (18a-d) to said common inlet passage (16).

4. The drying apparatus of any preceding claims wherein said plurality of cyclones (8a-d;8'a-d)
are connected in parallel via gas outlet ducts (19a-d) to said common gas outlet passage (17).

5. The drying apparatus of any preceding claim wherein said common inlet passage (16)
comprises a vertical inlet segment (20a) and said plurality of cyclones (8a-d;8'a-d) are
symmetrically arranged around said vertical inlet segment (20a).

6. The drying apparatus of any preceding claim wherein said common gas outlet passage (17)
comprises a vertical outlet segment (28), and said plurality of cyclones (8a-d;8a-d) are

symmetrically arranged in relation to said vertical outlet segment (28) of said common gas outlet
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passage (17).

7. The drying apparatus of any preceding claim wherein the plurality of cyclones (8a-d) are

equidistantly arranged in relation to the common inlet passage (16).

8. The drying apparatus of any preceding claim comprising a common conduit (29), said
common conduit comprising said common inlet passage (16) and said common gas outlet

passage (17).

9. The drying apparatus of claim 8 wherein said common conduit (29) comprise a divider (30) to
divide said common conduit (29) into said common inlet passage (16) and said common gas

outlet passage (17).

10. The drying apparatus of any preceding claim wherein said plurality of cyclones comprises at

least two, three, four, five or six cyclones.

11. The drying apparatus of any preceding claim wherein said drying apparatus (1) comprises a

pressurized steam dryer working above atmospheric pressure.

12. A combined heat and power plant (36) comprising a drying apparatus (1) according to any

preceding claim,

13. A process for drying bulk material in a drying apparatus (1) according to any of claims 1-11
comprising a closed circulation conduit (4) filled with a drying medium when the drying apparatus
is in operation, which process comprises

-generating a flow of said drying medium by a fan (12) inside said closed circulation conduit (4),
- indirectly heating said drying medium by heating means (13),

-feeding bulk material by inlet feeding means (6) into a flow of said drying medium inside said
closed circulation conduit,

-drying said bulk material in a drying enclosure (7) by transfer of thermal energy from said
heated drying medium into said bulk material,

-releasing surplus steam (10) via a surplus steam outlet (14) from said closed circulation conduit,
said process characterized in separating said bulk material from said drying medium by a

separating means (8;8’) comprising a plurality of cyclones (8a-d,8a-d).
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14. The process of claim 13 comprising conducting a flow of bulk material and drying medium
from said drying enclosure (7) via a common inlet passage (16) to said plurality of cyclones
(8a-d; 8'a-d) and discharging the drying medium from said plurality of cyclones (8a-d; 8’a-d) via

a common gas outlet passage (17) to said fan (12).

15. The process of claims 13 or 14 comprising distributing said flow of bulk material and drying

medium in parallel via cyclone inlet ducts (18a-d) into said plurality of cyclones (8a-d; 8'a-d).

16. The process of any of claims 13-15 comprising discharging the drying medium in parallel via

gas outlet ducts (19a-d) from the plurality of cyclones (8a-d).

17. The process of any of claims 13-16 comprising conveying said flow of bulk material and
drying medium upwards in a vertical direction in a vertical inlet segment (20a) of said common

gas inlet passage (16).

18. Use of a drying apparatus (1) according to any of claims 1-11 to dry wood based bulk

material.

19. Use of a drying apparatus (1) according to any of claims 1-11 to dry agricultural based bulk

material.
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