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DESCRIPTION

Field of invention

[0001] The invention relates to a heat exchange system for heating a collector medium.
[0002] The invention also relates to a process and a dryer for heating a collector medium.

[0003] The invention also relates to a bio energy combine and use of the heat exchange
system.

Background

[0004] Indirect heating of a collector medium is very energy consuming and costly. Indirect
heating is typically carried out by a heat exchanger where heat is transferred from a liquid or
gas via heat conducting surfaces to a flow of collector medium conveyed through to the heat
exchanger. Furthermore, there is also a significant pressure drop over such a heat exchanger
which influences the energy consumption of the process where heating of a collector medium
is carried out.

[0005] US-A-5845703, US-A-2008071100, US-A-4203906, JP-A-2007315324, WO-A-
2006001780 and WO-A-2007097573 discloses various heat exchangers for indirect heating of
a collector medium.

[0006] WO-A-2007097573 discloses a heat exchanger system according to the preamble of
claim 1.

Summary of invention

[0007] An object of the invention is to provide a heat exchange system for heating of a
collector medium wherein accessible energy is utilized in a cost and energy efficient manner.
Another object of the invention is to provide a heat exchange system which provides for
decreased pressure drop in comparison with having two separate heat exchangers. Another
object of the invention is to provide a heat exchange system which has a compact design.

[0008] A first aspect of the invention achieves these and other objects by providing a heat
exchange system for heating a collector medium according to claim 1.

[0009] A second aspect of the invention provides a process for heating a collector medium in
a heat exchange system according to claim 17.
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[0010] One advantage of the invention is that the first heat exchanger and the second heat
exchanger are separately supplied with the first and the second heating medium. This enables
the utilization of several heat sources to supply the necessary heat for heating the collector
medium to a desired temperature. Various industrial environments provide waste heat or
superfluous heat; such heat is usually less expensive than heat produced separately for a
particular purpose. However the energy content of waste heat or superfluous heat provided
from one heat source, taken separately, is sometimes insufficient for heating a collector
medium to a desired temperature level. By using waste heat from several heat sources for
heating the collector medium, improved utilization of accessible heat is achieved, and the
heating process is less expensive. The energy efficiency is also improved since the waste heat
or superfluous heat can be used efficiently instead of being released into the environment.

[0011] Another advantage is that by arranging both the first heat exchanger and the second
heat exchanger within the same housing is only one collector medium inlet and outlet
necessary for conducting the collector medium to and through both heat exchangers, as
opposed to if the heat exchangers were arranged in separate housings. This has the functional
benefit that the pressure drop over each heat exchanger is decreased and the energy
consumption of the process where the heat exchange system is implemented is lowered.

[0012] Another advantage is that by integrating several heat exchangers in the same housing,
the heat exchange system has a compact structure and is easier to fit into different industrial
environments.

[0013] Another advantage is that by using two heat exchangers can the connecting means
which connects the heat exchangers to the heat sources be made in significantly smaller
dimensions, as opposed to using only one heat exchanger for heating the collector medium
where larger dimensions are necessary to permit larger volumes of flow. Thus the cost
efficiency is improved. Further advantageous embodiments of the invention are defined in
claims 2-16 and 18-27.

[0014] According to one embodiment of the heat exchange system is the first heating medium
supplied from a first heat source, and the second heating medium is supplied from a second
heat source. This has the advantage that different heat sources and /or different heating
medium can be used for heating the collector medium.

[0015] According to one embodiment of the heat exchange system are the collector medium
flow inlet and the collector medium flow outlet disposed opposite to one another in the housing,
in particular are the inlet and outlet disposed at opposite ends of the housing. This has the
advantage that the collector medium flow can be conducted essentially straight through the
heat exchange system as opposed to changing the direction of the flow which results in a
significant increase of pressure drop and energy consumption.

[0016] According to one embodiment of the heat exchange system is the first inner section
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disposed distanced from the second inner section. According to one embodiment of the heat
exchange system is an intermediate section disposed between the first heat exchanger and
the second heat exchanger. In some applications is the collector medium impure and contains
particles of different matter; due to changes in the flow characteristics within the intermediate
section are these particles retained in the intermediate section, and can be removed via a
closable opening further described below. This has the functional benefit that less particles
deposit on the heat conducting surfaces of the second heat exchanger.

[0017] According to one embodiment of the heat exchange system comprises the collector
medium a gas such as air or steam. According to one embodiment of the heat exchange
system comprises the collector medium comprises a liquid such as water or a water containing
fluid. The heat exchange system according to the invention is therefore suitable in a many
different industrial applications.

[0018] According to the invention the first inner section and/or the second inner section are
adapted to be pressurized. This enables the inner sections and the heat exchangers to be
separately operated with different specific conditions such as pressure and temperature. When
both the first heat exchanger and the second heat exchanger are configured as shell and tube
heat exchangers, the heat exchange system provides both heat exchangers within the same
housing, sharing the same shell, but they are operated with different parameters.

[0019] According to one embodiment of the heat exchange system comprises the first heat
exchanger an outlet side, and the second heat exchanger comprises an inlet side, wherein the
outlet side of the first heat exchanger is disposed essentially opposite to the inlet side of the
second heat exchanger. According to another embodiment of the heat exchange system is the
system adapted to provide a essentially straight flow path for the collector medium from the
collector medium inlet to the collector medium outlet.

[0020] This has the advantage that the collector medium flow is conducted essentially straight
through the heat exchange system, as opposed to changing direction of the flow, which results
in a significant increase of pressure drop and energy consumption.

[0021] The heat exchange system is supplied with heat from different heat sources.

[0022] The first heating medium and the second heating medium are selected so to provide
efficient heat transfer from the accessible heat sources to the heat exchangers. In some
applications is it beneficial to supply the same type of heating medium to the first heat
exchanger and the second heat exchanger. It has to be noted that in such case are the first
heating medium and the second heating medium different from one another in that they
disclose different parameters such as pressure and/or temperature. The first heat exchanger is
therefore connected to the first heat source via the first connecting means and the second heat
exchanger is connected to the second heat exchanger via the second connecting means.
Hence said first connecting means are separated from said second connecting means.
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[0023] lItis particularly efficient to use heat exchangers having large heat conducting surfaces
such as shell and tube heat exchangers or the like. The first heat exchanger and/or the second
heat exchanger comprise any of gas/gas heat exchanger, a liquid/gas heat exchanger, a
liquid/liquid heat exchanger or a condenser. The heat exchange system comprises
advantageously a combination of different types of heat exchangers. Alternatively are the first
heat exchanger and the second heat exchanger of the same type.

[0024] The principles of a heat exchanger are known since long and there are a large variety
of heat exchangers available on the market. The skilled person can select, adapt and integrate
commonly known heat exchangers to fit into a heat exchange system according the invention
based on information relating to the energy levels in the accessible heat from the heat sources,
the selected type of heating medium transferring heat and parameters regarding the collector
medium which is to be heated to achieve stepwise heating of the collector medium to a desired
temperature level. Moreover, also connecting means, fittings and pipes and other additional
equipment are selected and adapted to be suitable for conveying the first heating medium and
the second heating medium.

[0025] According to another embodiment of the heat exchange system comprises the first
heating medium and/or the second heating medium a compressible medium such as steam,
hot flue gases or hot industrial gases. If the heating medium is a compressible medium, it is
advantageous to configure the heat exchanger as a shell and tube heat exchanger.

[0026] One embodiment of the process comprises supplying different types of heating
medium to the first heat exchanger and the second heat exchanger. Thus, one type of heating
medium is supplied to the first heat exchanger and a different type of heating medium is
supplied to the second heat exchanger. In one example comprises the first heating medium
thermal oil and the second heating medium comprises hot flue gases.

[0027] An alternative embodiment of the process comprises supplying the same type of
heating medium to the first heat exchanger and the second heat exchanger. Thus the first
heating medium and the second heating medium comprise the same type of medium, such as
steam. However, it is to be noted that in such case differs the pressure and/or temperature
between the first heating medium and the second heating medium.

[0028] According to the invention the first heat exchanger and the second heat exchanger
comprises a condenser. In case the first heating medium and/or second heating medium
comprises a condensable medium such as steam, is/are the respective heat exchanger
configured as a shell and tube condenser.

[0029] According to one embodiment of the process comprises the first heat source and/or
the second heat source a steam turbine. It is advantageous to supply heat from a steam
turbine, it is particularly energy efficient since the heat exchanger is then designed as
condenser and transfers heat to the collector medium while condensing the steam. It is further
to be noted that the heating medium, pressurized steam, is advantageously extracted from the
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steam turbine at different steam pressure levels which also improves the thermal efficiency of
the steam turbine.

[0030] According to the invention, a first condensate receptacle is connected to the first heat
exchanger for collecting a first heating medium condensate, and a second condensate
receptacle is connected to the second heat exchanger for collecting a second heating medium
condensate.

[0031] According to the invention, the second condensate receptacle is further connected to
the first condensate receptacle.

[0032] According to the invention, the first condensate receptacle is connected to the first heat
exchanger via a steam duct.

[0033] This improves the energy efficiency of the heat exchange system, which will be further
explained below.

[0034] According to one embodiment of the heat exchange system are the area of the cross
section of the outlet side of the first heat exchanger and the area of the cross section of the
inlet side of the second heat exchanger essentially corresponding.

[0035] According to another embodiment of the heat exchange system is the cross section
area of the intermediate section essentially constant over the whole length of the section.

[0036] This has the advantage that the intermediate chamber and the outlet side of the first
heat exchanger and the inlet side of the second heat exchanger have corresponding cross
section area which provides for improved flow characteristics and decreases the pressure drop
over the serially arranged heat exchangers.

[0037] According to one embodiment of the heat exchange system is the intermediate section
of the housing bent such that the first and second heat exchanger are perpendicular disposed
to one another. According to one embodiment of the heat exchange system is the housing
essentially U-formed such that the first and the second heat exchanger are disposed in parallel
to one another. This provides for a compact design of the heat exchange system.

[0038] The first heating medium and the second heating medium are advantageously
supplied at substantially different heating medium temperatures. According to one embodiment
comprises the process supplying the first heating medium at a first heating medium
temperature t1, and supplying the second heating medium at a second heating medium
temperature 12, wherein t2 differs substantially from t1. The second heating medium
temperature 12 is considered to be different from the first heating medium temperature 11 when
the second heating medium temperature t2 falls outside a temperature range of plus or minus
0.5 degree Celsius of said first heating medium temperature t1.
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[0039] According to another embodiment is the second heating medium temperature 2
preferably higher than the temperature of the first heating medium temperature t1. The second
heating medium temperature is at least 0.5 degrees Celsius above the first heating medium
temperature t1. This has the effect that the collector medium is heated stepwise in the heat
exchange system.

[0040] According to another embodiment of the process is the second heating medium
temperature 12 at least 3 degrees Celsius above said first heating medium temperature t1.

[0041] According to another embodiment of the process is the second heating medium
temperature 12 at least 10 degrees Celsius above said first heating medium temperature t1.

[0042] According to an alternative embodiment comprises the process supplying the first
heating medium at a first heating medium temperature t1, and supplying the second heating
medium at a second heating medium temperature t2, wherein t2 is essentially equal to t1, thus
the second heating medium temperature t2 essentially corresponds to the first heating medium
temperature t1.

[0043] The second heating medium temperature t2 is considered to be equal to the first
heating medium temperature t1 when the second heating medium temperature t2 falls within a
temperature range of plus or minus 0.5 degree Celsius of said first heating medium
temperature t1. The stepwise heating effect is also achieved when the second heating medium
temperature t2 is essentially equal to the first heating medium temperature t1.

[0044] According to one embodiment comprises the process supplying the first heating
medium at a first heating medium pressure P1, and supplying the second heating medium at a
second heating medium pressure P2, wherein P2 differs substantially from P1. The second
heating medium pressure P2 is considered to be different from the first heating medium
pressure P1 when the second heating medium pressure P2 falls outside a pressure range of
plus or minus 0.5 Bar of said first heating medium pressure P1.

[0045] Preferably is the second heating medium pressure P2 higher than the first heating
medium pressure P1. According to another embodiment of the process is the second heating
medium pressure P2 at least 1 Bar above said first heating medium pressure P1.

[0046] According to an alternative embodiment comprises the process supplying the first
heating medium at a first heating medium pressure P1, and supplying the second heating
medium at a second heating medium pressure P2, wherein P2 is essentially equal to P1, thus
the second heating medium pressure essentially corresponds to the first heating medium
pressure. The second heating medium pressure P2 is considered to be equal to the first
heating medium pressure P1 when the second heating medium pressure P2 falls within a
pressure range of plus or minus 0.5 Bar of said first heating medium pressure P1.

[0047] According to another embodiment comprises the process extracting the first heating
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medium from a steam turbine at a first heating medium pressure P1 and extracting the second
heating medium from the same steam turbine at a second heating medium pressure P2,
wherein P1 is lower than P2. The first heating medium pressure P1 is advantageously within
the pressure range 5-20 Bar and the second heating medium pressure P2 is advantageously
selected in the pressure range 15-30 Bar.

[0048] The heat exchange system is suitable for heating a collector medium such as a gas or
liquid. The heat exchange system is particularly suitable for heating a pressurized gas such as
pressurized steam. The heat exchange system is also suitable for heating a liquid such as pure
water or any water containing liquid such as condensate.

[0049] Furthermore, the invention also relates to a dryer for drying humid material by heat
transfer from a collector medium, a drying medium, such as steam. The heat exchange system
efficiently heats the drying medium stepwise by several separately supplied heating medium. In
particular the compact construction of the heat exchanging system allows for smaller
dimension of the dryer.

[0050] Furthermore the invention also relates to a bio energy combine according to one of
claim 28-32.

[0051] The bio energy combine comprises a steam generation plant and a dryer according to
the invention. The steam generation plant comprises at least one steam turbine. The steam
turbine is connected to the first heat exchanger and/or the second heat exchanger of the dryer
for supplying steam as heating medium to the dryer.

[0052] According to one embodiment comprises the bio energy combine a steam heat
exchanger.

[0053] According to one embodiment of the bio energy combine comprises the dryer a surplus
steam outlet, and the steam heat exchanger is connected to the surplus steam outlet for
recovering the heat in the surplus steam from the dryer.

[0054] According to another embodiment of the bio energy combine comprises the steam
turbine at least a first steam outlet and at least a second steam outlet.

[0055] According to another embodiment of the bio energy combine is the steam turbine
provided with at least a first steam inlet and at least a second steam inlet.

[0056] According to a further embodiment of the bio energy combine is the steam heat
exchanger connected to the second steam inlet of the steam turbine for supplying clean steam
to the steam turbine.

[0057] The invention also relates to a use of a dryer in combination with a steam generation
plant. According to one embodiment of the invention is the dryer used in combination with a
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steam generation plant comprising a combustion chamber and/or at least one power
generating steam turbine.

[0058] The invention also relates to use of the heat exchange system in a bio energy combine
according to claim 33.

[0059] The invention also relates to use of the heat exchange system in a steam dryer
according to claim 34.

[0060] The invention also relates to use of the heat exchange system in a steam power plant
according to claim 35.

[0061] The invention also relates to use of the heat exchange system in a steam generation
plant according to claim 36.

[0062] The present invention is defined by the appended independent claims. Various
embodiments of the invention are set forth by the appended dependent claims as well as by
the following description and the accompanying drawings. The invention is not to be regarded
as being limited to the embodiments described above, the embodiments can be combined in
various ways, a number of additional variants and modifications being possible within the
scope of the subsequent patent claims.

Brief description of figures

[0063] Further objects, features and advantages of the present invention will appear from the
following detailed description of the invention, wherein embodiments of the invention will be
described in more detail with reference to the accompanying drawings, in which:

Fig. 1 a shows a schematic view of a heat exchange system 1 according to the invention.

Fig. 1b shows a schematic side view of the heat exchange system 1 according to the invention.
Fig. 2a shows the heat exchange system 1 of Fig.1 where one side of housing wall is removed.
Fig. 2b shows a heat exchange system 1' according to the invention.

Fig. 3a shows a heat exchange system 1" according to the invention.

Fig. 3b shows another embodiment of the heat exchange system 1" according to the invention.

Fig. 4 shows a schematic view of a dryer comprising the heat exchange system according to
the invention.

Fig. 5 shows a schematic flow scheme of a bio energy combine 200 comprising a dryer
according to the invention.
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Fig. 6 shows a schematic flow scheme of a bio energy combine 200" comprising a dryer
according to the invention.

Detailed description

[0064] Embodiments of the present invention will hereinafter be described in more detail with
reference to the accompanying drawings, in which embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like reference signs refer to like elements
throughout.

[0065] Fig. 1 a shows a schematic view of a heat exchange system 1 according to the
invention. The heat exchanger system 1 for heating a collector medium 2 comprises a housing
3. The housing 3 comprises an elongated body 4 divided into a first portion 5, an intermediate
portion 6 and a second portion 7. The heat exchange system 1 further comprises first
connecting means 10 and second connecting means 11. The first connecting means 10
connects the heat exchange system 1 to a first heat source 20, and the second connecting
means 11 connects the heat exchange system 1 to a second heat source 21.

[0066] The cross section perpendicular to the axial direction of the housing 3 is substantially
circular. Alternatively may the cross section be nearly-circular, oval, nearly-oval, square,
rectangular or combinations thereof. The intermediate portion 6 is arranged between the first
portion 5 and second portion 7. The housing 3 comprises also a wall 3a having an external
side 3b and an internal side 3c.

[0067] The first portion 5 of the housing 3 comprises a collector medium flow inlet 8a and a
closable opening 9. The first portion 5 forms an inlet section 5a. The collector medium flow
inlet 8a defines a through hole in the housing wall 3a in a first end of the housing 3. A cross
section area of the first portion 5 expands from the collector medium flow inlet 8a towards the
intermediate portion 6. Alternatively may the cross section and the area of the cross section of
the portion 5 be constant along the length of the portion 5 from the collector medium flow inlet
8a to the intermediate portion 6. The inlet section 5a is further described below.

[0068] Fig.1b shows a side view of the housing 3 wherein a closable opening 9 is shown. The
closable opening 9 is defined by a rim 9a and a through hole 9b which is closable by a
pressure tight lid 9c. The closable opening 9 is positioned on the lower side of the first portion
5 towards a supporting surface 22 to enable maintenance of the heat exchange system.

[0069] Fig. 1a further shows that the second portion 7 of the housing 3 comprises a collector
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medium flow outlet 8b and a closable opening 9 similar to the previously described. The
second portion forms an outlet section 7a. The collector medium flow outlet 8b defines a
through hole in the housing wall 3a in a second end of the housing 3. The area of the cross
section of the second portion 7 decreases from the intermediate portion 6 towards the collector
medium flow outlet 8b. Alternatively may the area of the cross section of portion 7 be constant
along the length of the portion 7 from the intermediate portion 6 to the collector medium flow
outlet 8b. The outlet section 7a is further described below.

[0070] The intermediate portion 6 of the housing 3 comprises the first connecting means 10,
the second connecting means 11, a first heating medium outlet 12, a second heating medium
outlet 13, thermal expansion zones 14a, 14b and a closable opening 9 of similar kind as
described above.

[0071] The cross section and the area of the cross section of the intermediate portion 6 is
essentially constant along the whole length of the intermediate portion 6. Alternatively may the
cross section area vary across the length of the intermediate portion.

[0072] The first connecting means 10 comprises a first heating medium inlet 10a and the
second connecting means 11 comprises a second heating medium inlet 11a. The connecting
means 10, 11 comprise ducts and couplings for enabling gaseous or fluid communication
between the heat exchange system 1 and the first and second heat source 20, 21.

[0073] One advantage of the heat exchange system is that the first heat exchanger and the
second heat exchanger are separately supplied with the first heating medium and the second
heating medium, via the first connecting means and the second connecting means,
respectively. Hence the first heat exchanger is supplied with heating medium from a first heat
source, and the second heat exchanger is supplied with heating medium from a second heat
source.

[0074] The first heating medium inlet 10a and second heating medium inlet 11a are located
on the upper side of the housing 3. The inlets 10a, 11a define through holes in the wall 3a of
the housing. The inlets 10a, 11a further comprise ducts and couplings to enable a pressure-
tight connection between the connecting means 10, 11 and the heat exchangers 16¢,18¢ within
the inner sections 16,18 of the heat exchange system.

[0075] The first heating medium outlet 12 and the second heating medium outlet 13 are
located on the lower side of the housing 3. The outlets 12, 13 define through holes in the wall
3a of the housing. The outlets 12, 13 further comprise ducts and couplings to enable a
pressure-tight connection between the heat exchangers and external conduits for conveying
the first heating medium and the second heating medium from the heat exchangers. Typically
are the first heating medium and the second heating medium returned to be reheated by the
first a second heat source, respectively. However, depending on the type of heating medium
other external heat recovery means are equally possible.
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[0076] The thermal expansion zones 14a, 14b allows for thermal expansion of the housing 3.

[0077] The housing 3 of the heat exchange system 1 furthermore comprises supporting
means 15 which supports the heat exchange system on a supporting surface 22.

[0078] Fig. 2a shows a view of the heat exchange system 1 shown in Fig. 1 where the inside
of the housing 3 of the heat exchange system is shown in detail. The inside of the housing 3 is
divided into an inlet section 5a, at least a first inner section 16 and at least a second inner
section 18, and an outlet section 7a. The inside of the intermediate portion 6 of the housing 3
is divided into at least a first inner section 16 disposed adjacent the inlet section 5a and a
second inner section 18 disposed adjacent the outlet section 7a. The first inner section 16 is
distanced from the second inner section 18. The housing 3 also comprises an intermediate
inner section 17 disposed between the first inner section 16 and the second inner section 18.
The inlet section 5a, inner sections 16, 17, 18 and the outlet section 7a are serially disposed
within the housing 3 in relation to the flowing direction of the collector medium. The inlet
section 5a, the intermediate inner section 17 and the outlet section 7a communicate with one
another via a collector medium flow path. Thus the specific conditions of the collector medium
such as temperature and pressure determines the conditions in these communicating sections.

[0079] The inlet section 5a is delimited by the collector medium flow inlet 8a, the internal side
of the housing wall 3¢ and a channel plate 16f positioned at an inlet side16a of a first heat
exchanger 16¢. The inlet section 5a divides and feeds the collector medium over the channel
plate 16f and into the associated longitudinal channels defining a collector medium flow path.

[0080] The first inner section 16 comprises a first heat exchanger 16¢ having an inlet side 16a
and an outlet side 16b. The first inner section 16 corresponds to a first heating step in the heat
exchange system 1. The first heat exchanger 16¢c comprises heat conducting surfaces 16d
which conducts heat from a first heating medium 16e to the collector medium 2.

[0081] The heat conducting surfaces 16d comprise a plurality of longitudinally extended,
straight open channels, i.e. tubes. Each channel is provided with a channel inlet and a channel
outlet at opposite ends of the channel. The channels extend between the inlet side 16a and the
outlet side 16b. The channels 16d comprises heat conducting material for transferring heat
from the heating medium to the collector medium.

[0082] The inlet and outlet sides 16a, 16b comprise channel plates 16f disclosing a plurality of
through bores 16g; the number and position thereof corresponding to those of the longitudinal
channels 16d. Each channel inlet and outlet are connected to the channel plates. The channels
16d thereby define a collector medium flow path through the heat exchanger 16¢ and the inner
section 16.

[0083] The first heat exchanger 16c and the first heat conducting surfaces, the channels 16d
are selected and adapted to the conditions of the first heating medium 16e supplying heat from
a first heat source 20 to achieve efficient heat transfer.
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[0084] The first inner section 16 is delimited by the inner wall 3c of the housing, the channel
plates16f are positioned at the inlet side 16a and the outlet side 16b, and the channels 16d
providing the collector flow path through the first heat exchanger 16¢. The first heat exchanger
16c¢ within the first inner section 16¢ is adapted to be operated with a different pressure and/or
temperature than the operating pressure in the adjacent sections inside the heat exchange
system.

[0085] Thus the channel plates 16f are adapted to be pressure tight connected to the inner
wall 3c, the channels 16d are pressure-tight connected to the channel plates 16f and all other
related connecting means are configured to be pressured-tight to enable the first inner section
16 and the heat exchanger 16c to be pressurized differently than adjacent sections.

[0086] The second section 18 is configured in a similar manner. The second section 18
comprises the second heat exchanger 18c¢ of the heat exchange system 1. The second heat
exchanger 18c has an inlet side 18a and an outlet side 18b. The second section corresponds
to a second heating step in the heat exchange system 1.

[0087] The second heat exchanger 18c comprises heat conducting surfaces 18d which
conducts heat from a second heating medium 18e to the collector medium 2.

[0088] The heat conducting surfaces 18d also comprise a plurality of longitudinally extended,
straight open channels 18d made of a heat conducting material.

[0089] The channels 18d extend between the inlet side 18a and the outlet side 18b. The inlet
and outlet sides 18a, 18b comprise channel plates 18f disclosing a plurality of through bores
18g; the number and position thereof corresponding to those of the longitudinal channels 18d.
Each channel inlet and channel outlet are connected to the channel plates 18f. The channels
18d thereby define a collector medium flow path through the second heat exchanger 18c. The
second heat exchanger 18c and the heat conducting surfaces 18d are selected and adapted to
the second heating medium 18e supplying heat from a second heat source 21 to achieve
efficient heat transfer.

[0090] The second inner section 18 is delimited by the inner wall 3¢ of the housing, the
channel plates 18f positioned at the inlet side 18a and the outlet side 18b, and the channels
18d providing the collector medium flow path through the second heat exchanger 18c. The
second heat exchanger 18c within the second inner section 18 is also adapted to be operated
with a different pressure and/or temperature than adjacent sections of the heat exchange
system. Hence, corresponding pressure-tight adaptations of the channel plates 18f, the
channels 18d and all other related connecting means are necessary to enable the second
inner section 18 and the heat exchanger 18c to be pressurized differently than adjacent
sections.

[0091] The first heat exchanger 16¢ and the second heat exchanger 18c share the same
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housing 3, thus they share the same shell, of the heat exchange system 1. However, the
pressure-tight connections and adaptations of the inner section 16, 18 enables the first heat
exchanger 16¢ and the second heat exchanger 18c to be operated with different specific
operating parameters.

[0092] The heat exchange system 1 shown in Fig 1a, 1b and Fig. 2a provides an essentially
straight flow path for the collector medium from the collector medium flow inlet to the collector
medium flow outlet.

[0093] A heat exchanger of this type is known as a shell and tube heat exchanger. It is
particularly advantageous when heating or cooling large amounts of fluid. Due to the design
this type of heat exchanger offer a large heat transfer area and provide high heat transfer
efficiency. There are different types of shell and tube heat exchangers such as counter-current
type, cocurrent type or cross-current type. The heating medium flows from the heating medium
inlet to the heating medium outlet, on the shell side of the channels, to enable conductive heat
transfer between the heating medium and the collector medium.

[0094] It is to be noted that the present invention is not limited to the counter-current type
showed in Fig. 2a but may be of other types too.

[0095] The cross section and shape of the channels, the tubes, may be varied to increase the
heat conducting surface. It should be added that the present invention is not limited to the
channels in figure 2a disclosing circular cross-section. On the contrary, a channel may have a
cross-section that is circular or oval as well as partly circular and/or partly oval, or that is
triangular, quadratic, rectangular or otherwise polygonal, or a cross-section that is a
combination of these examples.

[0096] Alternatively may the heat exchangers be of other types and the heat conducting
surfaces may comprise coils, plates, fins or other type of surfaces which have high heat
transfer efficiency.

[0097] The outlet section 7a is delimited by the channel plate 18f positioned at the outlet side
18b of the second heat exchanger, the inner wall 3¢ of the housing and the collector medium
flow outlet 8b. The outlet section 7a collects the collector medium from the channel plate 18f
positioned at the second outlet side 18b, and discharges the collector medium from the heat
exchange system 1 via the collector medium flow outlet 8b.

[0098] The heat exchanger system 1 comprises the first connecting means 10 for connecting
the first heat exchanger 16¢ to a first heat source 20 to supply a first heating medium 16e to
the first heat exchanger. The heat exchanger system 1 furthermore comprises the second
connecting means 11 for connecting the second heat exchanger 18¢ to a second heat source
21 to supply a second heating medium 18e to the second heat exchanger 18c.

[0099] The first and the second connecting means 10, 11 comprises ducts and couplings for
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connecting the first and the second heat exchanger 16¢,18¢ to the first and the second heat
source 20,21, respectively.

[0100] Fig. 2a shows that the housing 3 of the heat exchange system 1 is configured such
that the outlet side 16b of the first heat exchanger 16c is disposed distanced apart from the
inlet side 18a of the second heat exchanger 18c. In particular, the outlet side 16b and the inlet
side 18a are facing one another, more particularly the outlet side 16b and the inlet side 18a
are disposed essentially opposite to one another. Furthermore, the outlet side 16b and the
inlet side 18a are centered in relation to one another to enable efficient flow of collector
medium 2 through the heat exchange system. The intermediate section 17 is disposed
between the outlet side 16b and the inlet side18a.

[0101] The area of the cross section of the outlet side 16b of the first heat exchanger 16¢
advantageously corresponds to the area of the cross section of the inlet side 18a of the second
heat exchanger 18c.

[0102] A portion of the internal side 3c of the housing wall 3a encloses the intermediate
section 17 and is hereafter referenced 3d. The cross section of the internal side 3d of the
housing wall enclosing the intermediate section 17 is preferably essentially the same along the
whole distance, the whole length, between the outlet side 16b of the first heat exchanger 16¢
and the inlet side 18a of the second heat exchanger 18c.

[0103] However, the cross section of the internal side 3d of the housing wall may alternatively
expand or decrease. The intermediate section 17 thus defines a cavity through which the flow
of collector medium 2 is conveyed. The cavity is delimited by the internal side 3d of the housing
wall and the outlet side 16b and the inlet side18a. The intermediate section also comprises a
closable opening 9 similar to the previously described. The intermediate section has several
functional benefits.

[0104] The cross section area of the intermediate section 17 is essentially the same over the
whole length of the cavity, thus the pressure drop over the heat exchange system 1 according
to the invention is less in comparison to an arrangement where two separate heat exchangers
are serially connected and the cross sectional area increases and decreases over each heat
exchanger. In case the collector medium 2 comprises dust loaded air or steam carrying
particles, are the particles retained in the intermediate section 17 due to changes in the flow
characteristics. The particles are collected in the intermediate section and are removed via the
closable opening 9 in the lower part of the internal side 3d of the housing wall. Thus, less
particles deposit on the second heat conducting surfaces 18d of the second heat exchanger
18c. Another benefit of the intermediate section 17 is that there is no direct contact between
the first heat exchanger 16¢ and the second heat exchanger18c.

[0105] Fig. 2b shows a heat exchange system 1' according to the invention. The heat
exchange system 1' differs from the previously described heat exchange system 1 in that the
first and second inner section with the first and second heat exchanger are arranged next to
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each other within the housing 3. The heat exchange system 1' has a particularly compact
design.

[0106] The outlet side 16b of the first heat exchanger 16¢ and the inlet side 18a of the second
heat exchanger 18c are arranged next to each other to allow efficient flow of the collector
medium 2 through the heat exchange system 1'. Alternatively is the channel plate 16f on the
outlet side 16b and the channel plate 18f on the inlet side 18a substituted by a joint channel
plate which is adapted to be pressure tight connected towards both the first inner section 16
and the second inner section 18, such that the inner sections can be operated at different
pressures (not shown in figure). The heat exchange system 1' is particularly suitable for
heating a collector medium 2 comprising a liquid such as a condensate.

[0107] Fig. 3a schematically shows a heat exchange system 1" according to the invention.
The heat exchange system 1 "differs from the previously described heat exchange system 1 in
that the intermediate portion 6' is bent to adapt the heat exchange system for implementation
in specific locations where space is limited. The first and second inner sections 16, 18 and the
first and second heat exchanger 16¢,18c inside the intermediate portion 6' are configured like
in the previously described heat exchange system 1. The intermediate section 17' of the
intermediate portion 6' is bent, curved, such that the housing 3' is essentially U-formed and the
axial direction of the first inner section 16 and the axial direction of the second inner section 18
are essentially parallel. The cross- section area of the intermediate section is essentially
constant. The cross-section area of the outlet 16b and the cross-section area of the inlet 18a
are essentially corresponding to achieve good collector medium flow characteristics.

[0108] Fig. 3b shows another embodiment of the heat exchange system 1" where the
intermediate section 17' is bent, curved, such that the axial direction of the first inner section 16
is perpendicular to the axial direction of the second inner section 18. The heat exchange
system 1" is arranged horizontally or vertically. The supporting structure 15 is adapted
accordingly.

[0109] The first connecting means 10 and the second connecting means 11 are separate and
independent from each other to enable the supply of the first heating medium and the second
heating medium with different parameters such as temperature or pressure to the heat
exchange system 1;1";1".

[0110] The temperature of the collector medium 2 is stepwise increased to a desired
temperature level by indirect heat transfer from the first heating medium 16e and the second
heating medium 18e via the first heat conducting surfaces 16c and the second heat conducting
surfaces 18d, respectively.

[0111] As previously mentioned, the first heating medium 16e and/or the second heating
medium 18e contains a non-compressible medium such as thermal oil or hot water or a
compressible medium such as steam or hot flue gases. Advantageously contains the first
heating medium 16e a different type of medium than the second heating medium 18e;
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alternatively contains the first heating medium and the second heating medium the same type
of medium.

[0112] In such case are the parameters of the first and second heating medium different. In
case the heating medium contains steam is the receiving heat exchanger designed as a
condenser. The temperature and pressure of the first heating medium16e and of the second
heating medium 18e are controlled, measured, at the first and second heat source 20, 21
and/or at the first and second heating medium inlet 10a, 11a of the first and second heat
exchanger 16¢,18c.

[0113] Itis to be noted that invention is not limited to the heat exchange system 1;1'

;1" comprising two heat exchangers. The skilled person readily understands from this
specification that the housing 3;3' of the heat exchange system 1;1';1" may additionally
comprise a third heat exchanger or even a fourth heat exchanger for indirectly heating of
collector medium (not shown in figures). The further heat exchangers are configured in similar
manners as the previously described first and second heat exchanger. Heat is thereby
supplied via a third heating medium and possibly a fourth heating medium to the heat
exchange system.

[0114] The heat exchange system 1; 1';1" is manufactured to be delivered in one piece. The
housing 3;3', the shell, is configured such that the first and the second heat exchanger 16¢;
18c are integrated inside the housing.

[0115] Alternatively is the heat exchange system 1; 1';1" delivered in several pieces which are
assembled on the location where the system is intended to be used. The first portion 5 and the
second portion 7 are delivered separately. The first inner section 16, the intermediate section
17 and the second inner section 18 of the intermediate portion 6 are also manufactured to be
delivered separately. In such case are all pieces provided with flanges and connecting means
to achieve a pressure tight housing wall and shell.

[0116] The heat exchange system 1; 1';1" are particularly suitable to be implemented in
applications which require indirect heating of large volumes of collector medium. The heat
exchange system 1;1;1" is preferably supplied by heat from different heat sources like
combustion chamber or a turbine such as a steam turbine, a gas turbine or an expander
turbine. Alternatively is the heat exchange system supplied by heat from a heat source like a
power generating steam turbine in a steam generation plant or an industrial plant like a
smelting plant or a paper and pulp plant or the like.

[0117] In operation is the heat exchange system 1;1" connected into an industrial process
where indirect heating of a collector medium is required, such as a drying process. The heat
exchange system operates as follows: A collector medium flow 2 is conducted via the collector
medium flow inlet 8a into the housing 3 by a ventilator or turbo machine.

[0118] A first heating medium 16e is supplied to the first heat exchanger 16¢ from a first heat
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source 20, and a second heating medium 18e is supplied to the second heat exchanger 18¢
from a second heat source 21. The collector medium 2 is conveyed to the first heat exchanger
16c where the collector medium is indirectly heated by the first heating medium16e followed by
conveying the collector medium to the second heat exchanger where the collector medium is
indirectly heated by the second heating medium 18e. The collector medium 2 is thereafter
discharged from the housing via the collector medium flow outlet 8b.

[0119] The first heat exchanger and the second heat exchanger of the heat exchange system
are supplied by heat from accessible heat sources, such as turbines or combustion chambers
or other available heat sources like industrial processes producing waste heat or superfluous
heat. The heat exchangers and the heat conducting surfaces are adapted accordingly. In case
the heating medium comprises steam are the heat exchanger/s designed as condenser/s.
Thus the collector medium is stepwise indirectly heated by the separately supplied first heating
medium and second heating medium.

[0120] Fig. 4 shows a flow scheme of a dryer 100 comprising a heat exchange system 101
according to the invention. The dryer comprises a pneumatic steam dryer 100 which is
particularly suitable for drying wet bulk material 102 such as biomass of wood based bulk
material, peat or agricultural material by heat transfer from a drying medium 103 such as
steam. The dryer is particularly suitable for drying wood chips or sawdust.

[0121] The dryer 100 is preferably designed with a substantially closed circulation conduit 104
to limit the energy consumption for drying of the material and to minimize emissions from the
dryer.

[0122] A heat exchange system 101 is connected to the closed circulation conduit 104 and
provides for indirect stepwise heating of the drying medium 103 by at least two separately
supplied heating medium.

[0123] In operation of the pneumatic steam dryer, the circulation conduit 104 is pressurized
and filled with drying steam such as superheated or saturated steam, thereby forming a
essentially oxygen free, inert, internal environment which prevents hazardous dust explosions.
The oxygen content is preferably below 2%, more preferably below 0,5%.

[0124] The heat exchange system 101 typically superheats the drying steam. This means that
at a specific operating pressure inside the dryer is the steam heated by the heat exchange
system 101 to a temperature above the saturation temperature of the drying steam 103.

[0125] The drying steam 103 is impure and contains particles, terpens and hydrocarbons.
These substances are collected by condensation in separate energy recovery means 114
connected to the dryer 100. The energy recovery means are further described below.

[0126] The dryer 100 is operated above or below atmospheric pressure. Advantageously is
the dryer operated at an overpressure of 0,5-10 Bar. In particular when material of wooden
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origin like wood chips or saw dust is dried in the dryer, it advantageous to operate the dryer at
an overpressure of 1-6 Bar, more preferably at an overpressure of 2-5 Bar. This pressure
range corresponds to steam saturation temperatures of about 102-260 degrees Celsius.

[0127] The circulation conduit 104 and other elements of the dryer are adapted accordingly.

[0128] The dryer further comprises an inlet feeding device 105, a drying chamber 106,
separating means 107, a discharge device 108, a ventilator 109 and a surplus steam outlet
110.

[0129] An inlet feeding device 105 feeds bulk material 102 into a flow of drying steam 103.
The inlet feeding device 105 is connected to the circulation conduit 104 downstream of the
heat exchange system 101 in relation to the flow direction of the drying steam.

[0130] A drying chamber 106 such as a drying conduit is connected to the circulation conduit
104 between the inlet feeding device 105 and the separating means 107. The bulk material is
dried by heat transfer from the drying steam 103 in the drying chamber 106 while being
pneumatically conveyed to the separating means 107. Moisture and volatiles such as
hydrocarbons in the wet bulk material 102 evaporates and forms surplus steam 111. The
temperature of the superheated drying steam 103 decreases and consequently is the moisture
content of the bulk material reduced. The drying chamber 106 may alternatively comprise a
drum drier or a fluidized bed dryer or similar drying chambers which can be connected into the
circulation conduit and wherein material may be efficiently dried by transferring of heat from
drying steam.

[0131] Separating means 107 comprises a cyclone which is connected to the circulation
conduit 104 downstream of the drying chamber in relation to the flow direction of the drying
steam. The cyclone 107 separates the dried bulk material from the drying steam in one single
step. The cyclone 7 further comprises a bulk material outlet 112 and a drying medium outlet
113.

[0132] The cyclone 107 discharges the dried bulk material from the dryer via a discharging
device 108 and the separated drying steam 103 is recirculated from the cyclone 107 via the
drying medium outlet 113 to the heat exchange system 101. A surplus steam outlet 110 is
connected to the circulation conduit 104 for releasing surplus steam 111 evaporated from the
bulk material to energy recovery means 114 connected to the dryer 100.

[0133] The energy recovery means 114 comprises a steam regenerator or condenser. In the
steam regenerator or condenser the surplus steam is cooled and depleted, whereby clean
steam and waste condensate is generated.

[0134] A ventilator 109 is connected to the circulation conduit for generating a flow of drying
steam 103 through the dryer 100 and to pneumatically transport the bulk material from the inlet
feeding device 105 to the cyclone 107.
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[0135] The drying steam is stepwise heated in the heat exchange system 101. The heat
exchange system is 101 is connected to the circulation conduit downstream of the separating
means 107 and upstream of the inlet feeding device 105. This has the functional benefit that
deposits of bulk material on the heat conducting surfaces are prevented.

[0136] The recirculated drying steam from the separating means 107 is typically saturated or
slightly superheated. The temperature of the drying steam is increased to a desired
temperature level prior to feeding bulk material by the inlet feeding means 105 into the flow of
drying steam 103 generated by the ventilator 109.

[0137] Features of the heat exchange system 101 which corresponds to features of the
previously described heat exchange system 1 are not further described here. Like features are
like referenced. The heat exchange system 101 differs from the previously described heat
exchange system 1 in that both the first and the second heat exchanger are configured as
condenser 101.1; 101.2 and in that the heat exchange system 101 also comprises condensate
receptacles 116.1; 116.2 which are described below.

[0138] The first and second condenser 101.1; 101.2 are preferably construed as tube and
shell heat exchangers, however the heat conducting surfaces are adapted with suitable
surfaces and materials for efficient condensation of a first heating medium 101.1e, pressurized
steam, and a second heating medium 101.2e, also pressurized steam. The first condenser
101.1 is furthermore configured with a steam duct 101.1g, further described below.

[0139] Fig 4. also shows a power generating steam turbine 115. The steam turbine 115
comprises at least a first steam outlet 115.1 and at least a second steam outlet 115.2. The first
steam outlet 115.1 releases pressurized steam at a first pressure level P1. The second steam
outlet 115.2 releases pressurized steam at a second pressure level P2. The parameters of the
pressurized steam released from the first steam outlet 115.1 and the parameters of the
pressurized steam released from the second steam outlet 115.2 are different, each steam
outlet therefore constitutes a separate heat source. The steam turbine 115 is further connected
into an external industry or a steam generation plant (not shown in figure).

[0140] The first condenser 101.1 is connected to the first steam outlet 115.1 via first
connecting means 10, and the second condenser 101.2 is connected to the second steam
outlet 115.2 via second connecting means 11.

[0141] Pressurized steam extracted from the steam turbine at a first pressure level P1 is
supplied to the first condenser 101.1 via the first connecting means 10. Pressurized steam
extracted from the steam turbine at a second pressure level P2 is supplied to the second heat
exchanger 101.2 via the second connecting means 11. The first pressure level P1 is lower than
the second pressure level P2. For instance is the first heating medium pressure 14 Bar and the
second heating medium pressure 22 Bar.



DK/EP 2392882 T3

[0142] This has the effect that the drying steam 103 is stepwise heated in the heat exchange
system 101 while the first and the second heating medium 101.1e; 101.2e, the pressurized
steam, condenses or cools down significantly. It is particularly energy efficient to extract heat
from a power generating steam turbine 115. Pressurized steam is advantageously extracted
from the steam turbine at several points disclosing different pressure levels. The operating
conditions of the heat exchangers are thereby optimized and the thermal efficiency of the
steam turbine improves. The pressurized steam condenses fully or partially inside the
condensers 101.1; 101.2. The level of condensation depends on the temperature of the drying
steam 103 which also determines the steam pressure inside each condenser, thus the steam
pressure inside the first condenser and the second condenser differs.

[0143] The dryer 100 shown in Fig. 4 further comprises a first condensate receptacle 116.1
and a second condensate receptacle 116.2. The first condensate receptacle 116.1 is
connected to a heating medium outlet 101.1f of the first condenser 101.1 and collects
condensate 101.1h and if any, also the insufficiently condensed first heating medium 101.1e.
The steam pressure in the first condensate receptacle 116.1 corresponds to the pressure P1 of
the first heating medium. The second condensate receptacle 116.2 is connected to a heating
medium outlet 101.2f of the second heat condenser 101.2 and collects the condensate 101.2h
and if any, also the insufficiently condensed second heating medium 101.2e. The pressure in
the second condensate receptacle 116.2 corresponds to the pressure P2 of the second
heating medium 101.2e.

[0144] The second condensate receptacle 116.2 is furthermore also connected to and in fluid
communication with the first condensate receptacle 116.1 via condensate connecting means
116.2a.

[0145] The condensate in the second condensate receptacle 116.2 exhibiting the pressure P2
is conducted to the first condensate receptacle 116.1 exhibiting a lower pressure P1 (P2>P1)
via 116.2. This has the effect that the condensate from the second condensate receptacle is
depressurized and flash steam 116.1e exhibiting pressure P1 is generated in the first
condensate receptacle 116.1.

[0146] The first condensate receptacle 116.1 is further connected to the steam duct 101.1g of
the first condenser 101.1 via a flash steam connecting means 116.1a. The flash steam 116.1e
is thus conducted to the first condenser 101.1 and is recovered in the heat exchange system
101 which further improves the energy efficiency of the dryer 100.

[0147] Condensate 117 from the first heating medium 101.1e is conducted from the first
condensate receptacle 116.1 via condensate outlet 116.1b to other means for heat recovery;
hence the energy efficiency of the dryer is further improved.

[0148] It is to be noted that the present invention is not limited to a dryer 100 with a heat
exchange system 101 having two separate condensate receptacles 116.1;116.2. The
condensate receptacles may be combined in one condensate receptacle unit with several
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separately arranged pressurized chambers (not shown in figure).

[0149] It is also to be noted that the present invention is not limited to an embodiment of the
dryer 100 having a heat exchange system 101 comprising a first and a second condenser
101.1; 101.2 and being supplied with heat from a steam turbine having at least two steam
outlets.

[0150] An alternative embodiment of the dryer 100 comprises a heat exchange system 101
having a first and a second condenser 101.1; 101.2 wherein each condenser is supplied by
heat from a separate steam turbine.

[0151] An alternative embodiment of the dryer 100 comprises a heat exchange system 101
having a condenser supplied with pressurized steam from a steam turbine and a heat
exchanger supplied with flue gases from a combustion chamber. The order of the condenser
and the heat exchanger may be varied, depending on the available heat sources.

[0152] According to another alternative embodiment of the dryer 100 comprises the heat
exchange system 101a condenser 101.1 supplied with pressurized steam from a steam turbine
and a heat exchanger 18c supplied with thermal oil from a heat source in an external industrial
plant.

[0153] The heat exchange system 101 is advantageously supplied with heat from different
heat sources like a turbine or a combustion chamber in a steam generation plant or waste heat
from an industrial process such as a saw mill, paper and pulp factory, smelting plant or other
heavy industry. The heat exchange system may alternatively be supplied from a steam turbine
having several steam outlets.

[0154] The heat exchange system 101 is implemented in a pneumatic steam dryer 100 for
drying bulk material. However, the heat exchange system 101 is suitable to be used in any kind
industrial process where indirect heating of a collector medium is required. Naturally the heat
exchange system is also suitable to be implemented in dryers for drying other materials.

[0155] Fig. 5 shows a schematic flow scheme of a first embodiment of a bio energy combine
200 comprising a steam generation plant 210 such as a combined heat and power plant
(CHP), a dryer 100 for drying bulk material according to the invention and steam recovery
means 230. The combined heat and power plant 210 supplies heat to the dryer 100. Fig. 5
also shows an external industrial plant 220 supplying heat to the dryer 100. Like references are
used for like features. The steam generation plant may alternatively comprise a steam power
plant or similar power production facility.

[0156] The combined heat and power plant 210 comprises a combustion chamber 211, a
boiler 212, a first steam turbine 213 and a second steam turbine 214 and heat supply
connections to a district heating net 221. The combustion chamber 211 is connected to the
boiler 212 and the steam turbines 213; 214. The first steam turbine 213 comprises a first
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steam outlet 215, a second steam outlet 216, a third steam outlet 217 and a fourth steam
outlet 218. Each one of the first, the third and the fourth steam outlet 215,217,218 comprises a
bleeder outlet or an extraction outlet. The second steam outlet 216 comprises an exhaust
outlet.

[0157] The steam recovery means 230 comprises a steam heat exchanger 231 and a low
pressure turbine 232.

[0158] The dryer 100 comprises a first heat exchanger 101.1 and a second heat exchanger
101.2 and a surplus steam outlet 110. The heat exchangers are preferably shell and tube heat
exchangers designed as condensers.

[0159] The steam outlet 215 is connected to the first heat exchanger 101.1 via the connecting
means 10. The steam turbine 213 supplies pressurized steam at a first pressure level P1 to the
first heat exchanger 101.1 to indirectly heat the drying steam 103 in the circulation conduit of
the dryer 101. This has the functional benefit that a separate condenser for the operation of
the steam turbine 213 is unnecessary. This also improves the thermal efficiency of the steam
turbine and the energy efficiency of the combination of the dryer and the steam generation
plant. It is particularly beneficial to combine a dryer 100 according to the invention with a
combined heat and power plant. Furthermore, the seasonal variations in the demand of power
and heat from the combined heat and power plant are met, and seasonal overcapacity of
power and heat is made useful in the dryer 1".

[0160] The second steam turbine 214 is connected to the second steam outlet 216 of the first
steam turbine 213 via a steam inlet 219. The second steam turbine comprises a steam outlet
220 which is configured as an exhaust outlet. The exhausted steam from the steam outlet 220
is condensed in condensers in a district heating net 221.

[0161] The steam heat exchanger 231 is connected to a surplus steam outlet 110 of the dryer
100, such that the surplus steam 111 released from the dryer is supplied to and recovered in
the steam heat exchanger 231. The steam heat exchanger 231 is connected to a low pressure
turbine 232 which receives the clean steam 233 from the steam heat exchanger, the energy
from the dryer 100 is thereby recovered in the low pressure turbine 232.

[0162] The industrial plant 240 such as a steel factory, a paper and pulp mill or a smelting
plant produces a surplus of pressurized steam. The pressurized steam is efficiently used for
heating the drying steam in a dryer 100 according to the invention. The industrial plant 240 is
connected to the second heat exchanger 101.2 via connecting means 11. Pressurized steam
at a second pressure level P2 is thereby supplied from the industrial plant to the second heat
exchanger 101.2. The second pressure level P2 is higher than the first pressure level P1.

[0163] The drying steam in the circulation conduit of the dryer 100 is thereby stepwise
indirectly heated by pressurized steam from two different heat sources.
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[0164] The dryer 100 produces dried bulk material which is typically used as fuel in
combustion chambers in industrial or commercial or domestic applications. The dryer may
supply fuel to the combustion chamber in the steam generation plant 210.

[0165] The dryer 100 for drying bulk material and carrying out the process according to the
invention is thereby used in combination with a steam generation plant 210 comprising a
combustion chamber 211 and at least one power generating steam turbine 213.

[0166] Fig. 6 shows a schematical flow scheme of a second embodiment of a bio energy
combine 200'. The bio energy combine 200' comprises a combined heat and power plant 210',
a dryer 100 and a steam heat exchanger 231. Like references are used for like features.

[0167] The combined heat and power plant 210" differs from the previously described power
plant 210 in that it comprises a steam turbine 222. The steam turbine 222 is provided with at
least a first steam inlet 223 and at least a second steam inlet 224. The steam turbine 222 is
thereby adapted to receive steam from at least two different sources having different steam
parameters.

[0168] The steam turbine 222 is provided with a first steam outlet 215, a second steam outlet
216, a third steam outlet 217 and a fourth steam outlet 218 and a fifth steam outlet 225. Each
one of the first, the third, the fourth and the fifth steam outlet, 215,217,218,225 comprises a
bleeder outlet or an extraction outlet. The second steam outlet 216 comprises an exhaust
outlet.

[0169] The boiler 212 is connected to the first steam inlet 223 of the steam turbine 222 and
the steam heat exchanger 231 is connected to the second steam inlet 224 of the steam turbine
222. The steam heat exchanger 231 recovers the surplus steam from the dryer 100 and
supplies clean steam 233 to the steam turbine 222. The steam turbine is thereby supplied with
steam from two different sources. The steam pressure of the steam supplied to the first steam
inlet 223 is higher than the steam pressure of the steam supplied to the second steam inlet
224. This has the advantage that the energy in the surplus steam from the dryer is recovered
and the efficiency of the bio energy combine improves.

[0170] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. As used herein, the singular forms "a",
"an" and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms "comprises" "comprising,”
"includes" and/or "including”, and "contains" when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.

[0171] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
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which this invention belongs. It will be further understood that terms used herein should be
interpreted as having a meaning that is consistent with their meaning in the context of this
specification and the relevant art and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0172] The foregoing has described the principles, preferred embodiments and modes of
operation of the present invention. However, the description should be regarded as illustrative
rather than restrictive, and the invention is not limited to the particular embodiments discussed
above. It should therefore be appreciated that variations may be made in those embodiments
by those skilled in the art without departing from the scope of the present invention as defined
by the following claims.
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Patentkrav

1. Varmevekslersystem (1;1';1";101) til opvarmning af et kollektormedie (2; 103)
og omfattende et hus (3;3') der har et kollektormediestramningsindlgb (8a) og et
kollektormediestremningsudlgb (8b), huset er inddelt i mindst et fgrste indre
afsnit (16) og et andet indre afsnit (18), hvor det fgrste indre afsnit (16) og andet
indre afsnit (18) er anbragt i serie i huset (3) i forhold til en stremningsretning af
kollektormediet (2), hvor det fgrste indre afsnit (16), omfattende en fgrste
varmeveksler (16¢; 101.1), er anbragt tilstgdende
kollektormediestrgmningsindlgbet (8a), det andet indre afsnit (18), omfattende en
anden varmeveksler (18¢;101.2), er anbragt tilstgdende
kollektormediestrgmningsudlgbet (8b), den fgrste varmeveksler (16¢;101.1) er
forsynet med et fgrste varmemedie (16e;101.1e), den anden varmeveksler
(18c;101.2) er forsynet med et andet varmemedie (18e;101.2e) og kendetegnet
ved at det fgrste indre afsnit (16) og/eller det andet indre afsnit (18) er indrettet
til at veere tryksat, at den fgrste og den anden varmeveksler er konfigureret som
kondensatorer (101.1; 101.2), at den fgrste varmeveksler er forsynet med tryksat
damp ved et trykniveau P1 og den anden varmeveksler er forsynet med tryksat
damp ved et trykniveau P2, og at trykniveauet P1 er lavere end trykniveau P2, og
at en fgrste kondensatbeholder (116.1) er forbundet til den fgrste varmeveksler
(16c¢; 101.1) til at samle et fgrste varmemediekondensat (101.1h) ved et
trykniveau P1, og ved at en anden kondensatbeholder (116.2) er forbundet til
den anden varmeveksler (18¢;101.2) til at samle et andet varmemediekondensat
(101.2h) ved et trykniveau P2, og ved at den anden kondensatbeholder (116.2)
er forbundet til og i fluidforbindelse med den fgrste kondensatbeholder (116.1),
og ved at den fgrste kondensatbeholder (116.1) er forbundet til den fgrste
varmeveksler (16¢;101.1) via en dampkanal (101.1g).

2. Varmevekslersystem ifglge krav 1 kendetegnet ved at det fgrste varmemedie
(16€;101.1e) er forsynet fra en fgrste varmekilde, og det andet varmemedie
(18e;101.2e) er forsynet fra en anden varmekilde.
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3. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at det fgrste varmemedie (16e;101.1e) og/eller det andet
varmemedie (18e;101.2e) omfatter et komprimerbart medie sdsom damp, varme

forbraandingsgasser eller varme industrigasser.

4. Varmevekslersystem ifglge et hvilket som helst af de foregdende krav,
kendetegnet ved at kollektormediet omfatter en gas sédsom Iuft eller damp.

5. Varmevekslersystem ifglge et hvilket som helst af kravene 1-4 kendetegnet
ved at kollektormediet omfatter en vaeske sdsom vand eller en vaeske
indeholdende vand.

6. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at det fgrste indre afsnit (16) er anbragt ved siden af det
andet indre afsnit (18).

7. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav, 1 eller 6
kendetegnet ved at det fgrste indre afsnit (16) er anbragt med afstand til det
andet indre afsnit (18).

8. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at et mellemliggende indre afsnit (17') er anbragt mellem det
fgrste indre afsnit (16) og det andet indre afsnit (18).

9. Varmevekslersystem ifglge et hvilket som helst af de foregdende krav,
kendetegnet ved at kollektormediestrgmningsindlgbet (8a) og
kollektormediestremningsudlgbet (8b) er anbragt modstdende hinanden i huset.

10. Varmevekslersystem ifglge et hvilket som helst af de foregdende krav,
kendetegnet ved at den fgrste varmeveksler (16¢) omfatter en udlgbsside (16b)
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og den anden varmeveksler (18c) omfatter en indlgbsside (18a) hvor udigbssiden
(16b) er anbragt i alt vaesentligt modstaende indlgbssiden (18a).

11. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at varmevekslersystemet (1;101) er indrettet til at
tilvejebringe en i alt vaesentligt lige stremningsvej for kollektormediet fra
kollektormedieindigbet (8a) til kollektormedieudlgbet (8b).

12. Varmevekslersystem ifglge et hvilket som helst af de foregdende krav,
kendetegnet ved at arealet af tvaersnittet af udlgbssiden (16b) af den fgrste
varmeveksler (16c¢) og arealet af tvaersnittet af indlgbssiden (18a) af den anden

varmeveksler (18c) er i alt vaesentligt tilsvarende.

13. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at tvaersnitsarealet af det mellemliggende afsnit (17; 17') eri
alt vaesentligt konstant over hele laengden af afsnittet.

14. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at det mellemliggende afsnit (17') af huset (3') er bgjet.

15. Varmevekslersystem ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at huset (3') er i alt vaesentligt U-formet.

16. Tgrrer (100) omfattende varmevekslersystem (1;1';1";101) ifglge et hvilket

som helst af kravene 1-15.

17. Proces til opvarmning af et kollektormedie (2; 103) i et varmevekslersystem
(1;1';1";,101) ifglge et hvilket som helst af kravene 1-15, hvor naevnte proces

omfatter trinnene:
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- at forsyne et fgrste varmemedie (16¢;101.1e) til en fgrste varmeveksler
(16¢;101.1)

- at forsyne et andet varmemedie (18¢e;101.2¢) til en anden varmeveksler
(18c;101.2¢),

5 - at fremfgre kollektormediet (2) til den fgrste varmeveksler (16¢;101.1)
og indirekte opvarme kollektormediet med det fgrste varmemedie (16e;
101.1e) efterfulgt af

- at fremfgre kollektormediet (2) til den anden varmeveksler (18c;101.2¢e)
og indirekte opvarme kollektormediet (2) med det andet varmemedie
10 (18e;101.2¢),

- at forsyne den fgrste varmeveksler med tryksat damp ved et trykniveau
P1 og

- at forsyne den anden varmeveksler med tryksat damp ved et trykniveau
P2, hvor trykniveauet P1 er lavere end trykniveau P2,

15 - at indsamle et fgrste varmemediekondensat (101.1h) ved et trykniveau
P1 med en fgrste kondensatbeholder (116.1) forbundet til den fgrste
varmeveksler (16¢; 101.1),

- at indsamle et andet varmemediekondensat(101.2h) ved et trykniveau P2
med en anden kondensatbeholder (116.2) forbundet til den anden
20 varmeveksler (18¢;101.2),

- at lede tryksat kondensat med trykket P2 fra den anden
kondensatbeholder til den fgrste kondensatbeholder og generere flashdamp
og at lede flashdampen til den fgrste varmeveksler.

25 18. Proces ifglge krav 17 kendetegnet ved at forsyne det fgrste varmemedie
(16€;101.1e) ved en fgrste varmemedietemperatur t1, og at forsyne det andet
varmemedie (18e;101.2e) ved en anden varmemedietemperatur t2, hvor t2 er
betydeligt forskellig fra t1.
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19. Proces ifglge krav 18 kendetegnet ved at den anden
varmemedietemperatur t2 er forskellig fra den fgrste varmemedietemperatur t1,
nar den anden varmemedietemperatur t2 falder uden for et temperaturomrade p&

plus eller minus 0,5 grader celsius fra naevnte fgrste varmemedietemperatur t1.

20. Proces ifglge et hvilket som helst af kravene 17-19 kendetegnet ved at
forsyne det fgrste varmemedie (16¢e;101.1¢e) ved en fgrste
varmemedietemperatur t1, og at forsyne det andet varmemedie (18¢;101.2¢) ved
en anden varmemedietemperatur t2, hvor t2 er i alt vaesentligt lig med t1.

21. Proces ifglge krav 20 kendetegnet ved at den anden
varmemedietemperatur t2 er lig med den fgrste varmemedietemperatur t1, nar
den anden varmemedietemperatur t2 falder inden for et temperaturomrade pa
plus eller minus 0,5 grader celsius fra naevnte fgrste varmemedietemperatur t1.

22. Proces ifglge et hvilket som helst af kravene 17-21 kendetegnet ved at
forsyne det fgrste varmemedie (16¢e;101.1¢e) ved et fgrste varmemedietryk P1, og
at forsyne det andet varmemedie (18¢;101.2¢e) ved et andet varmemedietryk P2,

hvor P2 er betydeligt forskellig fra P1.

23. Proces ifglge krav 22 kendetegnet ved at det andet varmemedietryk P2 er
forskelligt fra det fgrste varmemedietryk P1, nar det andet varmemedietryk P2
falder uden for et trykomréde pé plus eller minus 0,5 Bar fra naevnte fgrste

varmemedietryk P1.

24. Proces ifglge et hvilket som helst af kravene 17-23 kendetegnet ved at
forsyne det fgrste varmemedie (16¢e;101.1¢e) ved et fgrste varmemedietryk P1, og
at forsyne det andet varmemedie (18¢;101.2¢e) ved et andet varmemedietryk P2,

hvor P2 er i alt vaesentligt lig med P1.
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25. Proces ifglge et hvilket som helst af kravene 24 kendetegnet ved at det
andet varmemedietryk P2 er lig med det fgrste varmemedietryk P1, nar det andet
varmemedietryk P2 falder inden for et trykomréde pa plus eller minus 0,5 Bar fra
naevnte fgrste varmemedietryk P1.

26. Proces ifglge et hvilket som helst af kravene 17-25 kendetegnet ved at
forsyne det fgrste varmemedie (16¢e;101.1¢e) og/eller det andet varmemedie

(18e;101.2¢) fra en dampturbine.

27. Proces ifglge et hvilket som helst af kravene 26 kendetegnet ved at
udtreekke det fgrste varmemedie (101.1¢) fra en dampturbine (115) ved et fgrste
varmemedietryk P1 og at udtraekke det andet varmemedie (1 01.2¢) fra
dampturbinen (115) ved et andet varmemedietryk P2, hvor P1 er lavere end P2.

28. Bioenergikombinationsindretning (200; 200') omfattende et
dampgenereringsanlaeg (210; 210') og en tgrrer (100) ifglge krav 16
kendetegnet ved at:

- dampgenereringsanlaegget (210;210') omfatter mindst en dampturbine
(29;33;115;222), og ved at dampturbinen er forbundet til den fgrste
varmeveksler (16¢;101.1) og/eller den anden varmeveksler (18¢;101.2) af
tgrreren (100) for at forsyne damp som varmemedie til tgrreren (101).

29. Bioenergikombinationsindretning ifglge krav 28, kendetegnet ved at
tgrreren (100) omfatter et overskudsdampudiIgb (110), og ved at en
dampvarmeveksler (231) er forbundet til overskudsdampudlgbet (110) til at

genvinde varmen i overskudsdampen fra tgrreren.

30. Bioenergikombinationsindretning ifglge kravene 28 eller 29, kendetegnet
ved at dampturbinen (29;33;115;222) er forsynet med mindst et fgrste
dampudlgb (115.1; 215) og mindst et andet dampudlgb (115.2;216).
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31. Bioenergikombinationsindretning ifglge et hvilket som helst af kravene 28-30,
kendetegnet ved at dampturbinen (222) er forsynet med mindst et fgrste
dampindlgb (223) og mindst et andet dampindlgb (224).

32. Bioenergikombinationsindretning ifglge et hvilket som helst af kravene 28-31,
kendetegnet ved at dampvarmeveksleren (231) er forbundet til det andet
dampindlgb (224) af dampturbinen (222) for at forsyne ren damp (233) til

dampturbinen.

33. Anvendelse af varmevekslersystem (1;1';1";101) ifglge et hvilket som helst af
kravene 1-15 i en bioenergikombinationsindretning (200;200') ifglge et hvilket
som helst af kravene 29-33.

34. Anvendelse af varmevekslersystem (1;1';1";101) ifglge et hvilket som helst af
kravene 1-15 i en damptgrrer.

35. Anvendelse af varmevekslersystem (1;1';1";101) ifglge et hvilket som helst af
kravene 1-15 i et dampgenereringsanlasg.

36. Anvendelse af varmevekslersystem (1;1';1";101) ifglge et hvilket som helst af
kravene 1-15 i et dampenergianlasg.
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