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DESCRIPTION

Technical area

[0001] The present invention concerns a process and a system for the recovery of thermal energy from a steam dryer, according
to the introduction to claims 1 and 10. Such a process and system is described in 'Drying of Peat and Biofuels'; Wimmerstedt R.;
Handbook of industrial Drying 3rd edition 2007 pages 397-410.

The prior art

[0002] Drying material requires much energy. A steam dryer may be used in order to reduce the energy consumption and the
impact on the environment. The steam dryer is provided with a closed circulation in which drying steam circulates and is used
repeatedly for the drying of moist material. Excess steam is formed during the drying process, and this is withdrawn from the
circulation. The excess steam has a high energy content, which normally is lost since extensive plant is required in order for it to
be possible to recover the energy in an efficient manner and at low operating cost.

Description of the invention

[0003] One purpose of the invention is to offer a method and a system that recovers in an efficient manner the thermal energy in
the excess steam that is obtained during the drying of material in a steam dryer with a closed circulation. In particular, the method
and the system offer an efficient manner to recover thermal energy from the condensate that is obtained during a steam
regeneration process of the excess steam.

[0004] This purpose is achieved through the method with the distinctive features that are specified in the characterising part of
claim 1 and the system with the distinctive features that are specified in the characterising part of claim 10.

[0005] One advantage of the method according to the invention is that the thermal energy from the excess steam is recovered in
a district heating system.

[0006] Another advantage of the method according to the invention is that the thermal energy in the uncleaned condensate from
the steam regeneration unit is recovered and is used, instead of being released to the waste water system and thus being lost.

[0007] The system according to the invention demonstrates corresponding advantages and technical properties as the above-
described method.

[0008] Embodiments given as examples are revealed in the non-independent claims.

[0009] Further distinctive features and advantages of the invention will be made clear in the following detailed description of the
invention, which constitutes an example, and is therefore not to be interpreted in such a manner that it is limiting for the protective
scope of the invention. References to the attached drawings have been included in the text in order to facilitate understanding,
where equivalent or similar parts have been given the same reference number.

Brief description of drawings

[0010]
Figure 1 shows schematically a system according to an embodiment of the present invention.

Figure 2 shows schematically a system according to a second embodiment of the present invention.

Detailed description and embodiments
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[0011] Figure 1 shows schematically a system 1 according to an embodiment of the present invention.

[0012] The system 1 comprises a steam dryer 2 with a closed circulation, a steam regeneration unit 3, a heat exchanger 4 for
district heating and a heat exchanger 5 for heat recovery.

[0013] The system 1 comprises also a steam power process 6 comprising a steam cycle that has a steam turbine 7, a low-
pressure condenser 8, a combined low-pressure preheater and district heating condenser 9, a supply water tank 10 and a steam
boiler 11. The heat exchanger 5 for heat recovery is connected to the steam cycle and functions as a low-pressure preheater.
The heat exchanger 5 for heat recovery functions as a first preheating step in the steam cycle, and thus as part of the steam
power process. This will be described in more detail below. The steam power process supplies the steam dryer 2 with heat for the
drying of moist material.

[0014] The various elements of the system are connected by pipes, lines and couplings that allow a medium such as gas or fluid
to be transported in a safe manner between the connected elements.

[0015] The steam dryer 2 is a pneumatic steam dryer with a circulation 2.1 that comprises an input arrangement 2.2, a drying
compartment 2.3 such as, for example, a drying tube, at least one cyclone 2.4 for the separation of dried material from drying
steam, an output arrangement 2.5, a fan 2.6, a heat exchanger 2.7 and a withdrawal line 2.8 for the withdrawal of excess steam.
The circulation 2.1 comprises also pipelines and couplings in order to connect the various arrangements in the steam dryer. The
circulation 2.1 of the steam dryer is essentially closed in order to limit the consumption of energy during the drying process and in
order to minimise emissions from the steam dryer. When the steam dryer 2 is in operation, the circulation is placed under a
pressure that exceeds atmospheric pressure and it is filled with drying steam. Alternatively, the steam dryer may be adapted to
work at a negative pressure. The drying steam principally consists of recirculated steam that has been heated in the heat
exchanger. The internal environment of the circulation has a very low content of oxygen, and there is therefore no risk of powder
explosions. The level of oxygen is lower than 1 %, preferably lower than 0.5%.

[0016] All parts of the steam dryer and other arrangements in the circulation are designed to be placed under pressure during
operation.

[0017] The steam dryer may, alternatively, be designed as a fluid bed dryer adapted to operate with excess pressure or with
negative pressure.

[0018] The input arrangement 2.2 and the output arrangement 2.5 are designed to be sealed and resist pressure, such that
leakage from the circulation is avoided. The input arrangement and the output arrangement may be, for example, a cell feed or
plug screw.

[0019] The cyclone 2.4 separates the dried material from the drying steam. The separated drying steam is recirculated from the
cyclone to a fan and to a heat exchanger.

[0020] At least one heat exchanger 2.7 is connected to the circulation 2.1. The heat exchanger 2.7 may be, for example, a tube
boiler heat exchanger. Such a heat exchanger normally has a large heat transfer surface and is known to achieve good heat
transfer.

[0021] The heat exchanger 2.7 is supplied with high-pressure steam from a steam turbine. It is advantageous to superheat the
drying steam in the heat exchanger, since the ability of the drying steam to absorb moisture from the material is increased in this
case. It is common that the drying steam has an initial temperature of approximately 200 °C after the heat exchanger.

[0022] The steam dryer 2 is used to dry moist bulk materials, for example solid pieces of wood, such as wood chips, sawdust, or
similar. It is also well-suited to dry peat or agricultural biomass. Bulk material that is to be dried has a size distribution and a
particle size that are suitable for it to be pneumatically transported through the circulation. The bulk material has an initial
moisture content greater than approximately 30% by weight: the moisture content is often greater than 40% before the drying
operation. The dried bulk material is used for, among other applications, fuel and for the manufacture of pellets.

[0023] The term "bulk material” comprises all types of wet or moist solid particular material with a size distribution and particle
size that are suitable for pneumatic transport.
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[0024] The term "bulk material" is used to denote all types of organic material, for example wood-based material, material that
arises in agriculture, peat, brown coal and sewage sludge. Bulk material comprises, in particular, biomass from plants. Here, for
example, waste products from agriculture are included, such as stalks and straw. It includes also wood-based raw materials, for
example wood chips and sawdust, and waste products from forestry and the lumber industry. The wood-based material includes
timber, sawn lumber. The wood-based material includes also finely divided material such as wood chips, sawdust, or similar. The
biomass comprises also peat and energy crops.

[0025] These bulk materials have an initial moisture content greater than approximately 30% by weight: the moisture content is
often greater than 40% before the drying operation.

[0026] The invention concerns also the use of the method during the steam drying of bulk material comprising particular material
consisting of one or several of the above-mentioned materials.

[0027] When the material consists of wood-based material, the energy content of the dried material is very high. The dried
material, therefore, is suitable for use, in particular, during the production of fuel, such as biopellets. In order to achieve a high
quality of pellets, it is advantageous to dry the material to a moisture content that is lower than 12% by weight. A common
operating condition is that the steam dryer works at a steam pressure that may vary between 1.5-4.5 bar of excess pressure.

[0028] Excess steam SS is formed during the drying process of bulk material. In order to regulate the pressure in the circulation
2.1, excess steam S8 is withdrawn from the steam dryer 2 through the withdrawal line 2.8.

[0029] The excess steam that is withdrawn from the steam dryer is unclean and contains terpenes, hydrocarbons and particles,
which have not been separated from the drying steam in the cyclone. The drying steam should be cleaned from these substances
in order to be able to recover the energy in it.

[0030] The system according to Figure 1 comprises also a steam regeneration unit 3 that is connected to the steam dryer 2
through the withdrawal line 2.8 for the excess steam. The steam regeneration unit 3 comprises arrangements for the purification
of the excess steam, for example a scrubber 3.1 and a steam reformer 3.2.

[0031] A scrubber 3.1 is shown in Figure 1. The scrubber has a steam inlet 3.11 that is connected to the withdrawal line 2.8 of
the steam dryer for excess steam SS, and a steam outlet 3.12 that is connected to a steam reformer 3.2. The scrubber 3.1 has
also a condensate inlet 3.13 for unclean condensate UC, which inlet is connected to a condensate outlet 3.25 at the steam
reformer. The scrubber has also a condensate outlet 3.14 for the unclean condensate UC, which outlet is connected to a heat
exchanger 4 for district heating. The unclean condensate UC that leaves the scrubber through the condensate outlet 3.14 has
been heated to a temperature of approximately 140-145 °C. The excess steam SS is cleaned in the scrubber 3.1 through direct
contact with unclean condensate from the steam reformer through condensation of condensable gases. The excess steam is
subsequently led from the scrubber 3.1 to an inlet 3.21 for the excess steam at the steam reformer.

[0032] The steam reformer 3.2 comprises an indirect heat exchanger. The steam reformer has one side for clean steam and one
side for unclean steam. The side of the steam reformer for unclean steam comprises a steam inlet 3.21 for the excess steam SS
connected to the steam outlet 3.12 of the scrubber, a condensate outlet 3.24 connected to the condensate inlet 3.13 of the
scrubber, and a gas outlet 3.23 for non-condensable gases connected to a steam boiler 12. The clean steam side of the steam
reformer comprises a condensate inlet 3.25 connected to a condensate container 11, for example a supply water tank in the
steam power process. The clean steam side comprises also a steam outlet 3.22 for clean steam CS, connected to a steam turbine
7 in the steam power process.

[0033] The steam reformer 3.2 receives excess steam SS from the scrubber 3.1 through the steam inlet 3.21.

[0034] The steam reformer 3.2 has a means, such as an indirect heat exchanger, to recover thermal energy from the excess
steam SS through condensation of the excess steam SS and through the simultaneous vapourisation of clean condensate that is
supplied to the steam reformer through the condensate inlet 3.25 for the generation of clean steam CS. The steam reformer 3.2
has also a means, the steam outlet 3.22, to supply the clean steam CS to a steam turbine 7 to be used in electricity production. A
fraction of the energy is in this way recovered from the steam dryer in the electricity production, and this leads to a high efficiency
for the system.

[0035] Also unclean condensate UC is generated during the condensation of excess steam SS, as are non-condensable gases.
The non-condensable gases in the excess steam are supplied to the steam boiler 11 and recovered in it.
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[0036] The unclean condensate leaves the steam reformer 3.2 through the condensate outlet 3.24 and is led to the condensate
inlet 3.13 at the scrubber. The clean steam side of the steam reformer has a regulator valve that functions to retain pressure on
the unclean steam side, and that is indirectly regulated by the pressure of the drying steam in the steam dryer. The steam
reformer has a high efficiency; a large fraction of the energy from the withdrawn excess steam is transferred to clean steam that
can be recovered in the steam power process.

[0037] The heat exchanger 4 for district heating comprises an indirect heat exchanger. The thermal energy in the unclean
condensate UC is recovered in the heat exchanger for district heating and is transferred to a district heating medium HW, instead
of the unclean condensate UC being led directly to the waste discharge whereby heat energy is lost.

[0038] The heat exchanger for district heating comprises a condensate inlet 4.1 and a condensate outlet 4.2 for the unclean
condensate UC. The heat exchanger for district heating comprises also an inlet 4.3 and an outlet 4.4 for a district heating medium
HW. The unclean condensate UC that leaves the heat exchanger for district heating has a temperature of approximately 60-90
°C. The heat exchanger for district heating is connected to a district heating network 13.

[0039] Figure 1 shows that the condensate outlet 4.2 of the heat exchanger for district heating for unclean condensate is
connected to a condensate inlet 5.1 at the heat exchanger 5 for heat recovery in the steam power process 6.

[0040] The heat exchanger 5 for heat recovery is an indirect heat exchanger. It comprises a condensate inlet 5.1 and a
condensate outlet 5.2 for the unclean condensate UC. The heat exchanger 5 for heat recovery comprises also an inlet 5.3 and an
outlet 5.4 for steam turbine condensate.

[0041] The thermal energy in the unclean condensate from the excess steam is recovered in the heat exchanger 5 for heat
recovery and is transferred to a steam turbine condensate STC1 that is supplied to the heat exchanger 5 for heat recovery from a
low-pressure condenser 8 in the steam power process.

[0042] As has been described earlier, the heat exchanger 5 for heat recovery functions as a low-pressure preheater. It
constitutes the first preheating step in the steam cycle, and it preheats the steam turbine condensate STC1, which is denoted by
STC2 after the heat exchanger for heat recovery.

[0043] In this way, leading the unclean condensate UC directly to the waste discharge, whereby the heat energy is lost, is
avoided. Furthermore, it is advantageous to transfer thermal energy from the unclean condensate from the excess steam to a
steam power process, in this way the temperature of the steam condensate in the steam cycle is raised, which is advantageous
for the energy economy of the steam power process.

[0044] The unclean condensate UC that leaves the heat exchanger 5 for heat recovery through the condensate outlet 5.2 has a
temperature of approximately 30-50 °C. The steam turbine condensate STC2 that leaves the heat exchanger for heat recovery
has a temperature of approximately 40-80 °C.

[0045] The unclean condensate from the steam regeneration unit 3 is therefore led first into the heat exchanger 4 for district
heating where a fraction of the thermal energy in the unclean condensate UC is recovered and transferred to the district heating
medium HW. The unclean condensate UC that leaves the heat exchanger for district heating has a remaining fraction of thermal
energy that has not been given up in the heat exchanger for district heating. The unclean condensate UC is subsequently led
onwards to the heat exchanger 5 for heat recovery in order there to recover as much of the remaining thermal energy as possible
to the steam turbine condensate that comes from the low-pressure condenser 8. The heat exchanger 4 for district heating and
the heat exchanger 5 for heat recovery are thus fed in serial with the unclean condensate from the scrubber.

[0046] The heat exchanger 4 for district heating and the heat exchanger 5 for heat recovery function at different temperature
levels, and these are so adapted that as much thermal energy as possible can be recovered from the unclean condensate UC.

[0047] Figure 1 shows the steam power process 6, which comprises a steam cycle that has a steam turbine 7, a low-pressure
condenser 8, a combined low-pressure preheater and district heating condenser 9, a supply water tank 10 and a steam boiler 11,
together with the heat exchanger 5 for heat recovery. The steam cycle comprises two low-pressure preheating steps in which the
steam turbine condensate is preheated before it is supplied to the supply water tank 10. The first low-pressure preheating step
comprises the heat exchanger 5 for heat recovery, while the second low-pressure preheating step comprises the combined low-
pressure preheater and district heating condenser 9.
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[0048] The steam boiler 11 produces high-pressure steam that is led to a first steam inlet 7.1 at the steam turbine 7. The steam
turbine has also a second steam inlet 7.2, a steam turbine outlet 7.3 and a first steam turbine withdrawal point 7.4. The first steam
turbine withdrawal point 7.4 is an unregulated or regulated steam turbine withdrawal point. The steam turbine outlet 7.3 is
connected to a low-pressure condenser 8 such that outlet steam ES is led from the steam turbine outlet 7.3 to the steam inlet 8.2
of the low-pressure condenser. The steam turbine 7 is connected through a steam turbine withdrawal point 7.5 also to the heat
exchanger 2.7 in the steam dryer 2 and supplies the heat exchanger with high-pressure steam as a heating medium.

[0049] The low-pressure condenser 8 comprises an indirect heat exchanger that is connected to the steam turbine outlet 7.3 of
the steam turbine, to a cooling water system 13, and to the inlet 5.3 of the heat exchanger for heat recovery for the first steam
turbine condensate STC1. The outlet steam from the steam turbine outlet 7.3 is cooled in the low-pressure condenser 8 such that
it becomes steam turbine condensate STC1, after which it is led from the condensate outlet 8.1 to the inlet 5.3 for steam turbine
condensate of the heat exchanger for heat recovery.

[0050] The heat exchanger 5 for heat recovery has been described above. The thermal energy in the unclean condensate UC
from the scrubber is recovered and transferred in the heat exchanger for heat recovery to the steam turbine condensate STC1
from the low-pressure condenser 8. The outlet 5.4 for steam turbine concentrate STC2 from the heat exchanger for heat recovery
is connected to the combined low-pressure preheater and district heating condenser 9.

[0051] Figure 1 shows that the heat exchanger 5 for heat recovery is connected to the steam regeneration unit 3 through the
heat exchanger 4 for district heating. Alternatively, the heat exchanger 5 for heat recovery may be connected directly to the
steam regeneration unit 3, and in this way receive unclean condensate UC directly from the steam regeneration unit 3.

[0052] Figure 1 shows also a combined low-pressure preheater and district heating condenser 9 that is a combined direct and
indirect heat exchanger.

[0053] The combined low-pressure preheater and district heating condenser 9 comprises an inlet 9.1 for district heating medium,
an outlet 9.2 for district heating medium, an inlet 9.3 for condensate, an inlet 9.4 for steam and an outlet 9.5 for condensate.

[0054] The combined low-pressure preheater and district heating condenser 9 is the second low-pressure preheating step in the
preheating chain for steam turbine condensate in the steam cycle, at the same time as it constitutes also the first heating step for
the district heating medium HW.

[0055] The first steam turbine withdrawal point 7.4 of the steam turbine is connected to the combined low-pressure preheater
and district heating condenser 9, such that the steam withdrawn from the steam turbine withdrawal point 7.4 is led into the steam
inlet 9.4 of the combined low-pressure preheater and district heating condenser. The withdrawn steam has a pressure of, for
example, approximately 0.7 Bar a.

[0056] The steam turbine condensate STC2 is led to the condensate inlet 9.3 and onwards to a steam compartment in the
combined low-pressure preheater and district heating condenser 9, where the steam turbine condensate STC2 is heated through
direct heat exchange with the steam withdrawn from the first steam turbine withdrawal point 7.4. A second preheating of the steam
turbine condensate is in this way achieved. The steam turbine condensate is denoted by STC3 after this and it has a temperature
of approximately 88 °C. The heated steam turbine condensate STC3 is led from the condensate outlet 9.5 onwards to the supply
water tank 10 and subsequently to the steam boiler 11.

[0057] The district heating medium inlet 9.1 is connected to the return line 12.1 of the district heating network and the district
heating medium outlet 9.2 is connected to the inlet 4.3 of the heat exchanger for district heating. The district heating medium HW
is heated by indirect heat exchange with the withdrawn steam. The district heating medium HW has a temperature of
approximately 85 °C after the combined low-pressure preheater and district heating condenser 9.

[0058] By connecting the various components of the system in this way, the thermal energy that is produced in the steam power
process is used efficiently. Advantageous temperature differences, flow conditions and falls in pressure are prevalent in each
heat exchanger in order to achieve good heat transfer.

[0059] According to Figure 1, the district heating medium HW is led from a district heating system 12 in through the inlet, the
return line 12.1 of the district heating network, and is heated in several steps through the combined low-pressure preheater and
district heating condenser 9, and through the heat exchanger 4 for district heating, whereby thermal energy is transferred and
recovered to the district heating medium HW. It is very advantageous that thermal energy from the steam dryer 2, in particular the
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thermal energy in the unclean condensate UC, is recovered during the heating of the district heating system, since this leads to
lower energy costs for fuel production in the steam dryer and low heating costs for the district heating medium. Furthermore,
energy loss is reduced since the energy is recovered from the unclean condensate, which energy otherwise would be led to the
waste outlet.

[0060] Thermal energy from the unclean condensate from the steam dryer is recovered also in the steam cycle in the steam
power process. This is very advantageous since it leads to a higher plant efficiency, while the production of power increases and
energy losses for the plant as a whole are reduced.

[0061] The steam power process 6 is used for the production of electricity, for the production of heat for the steam dryer and for
the heating of the district heating medium, while the steam dryer is used for the production of fuel. By connecting the steam power
process to the steam dryer, the system according to the invention is an energy-efficient integration of several energy-producing
facilities with a high overall efficiency and reduced operating costs as a consequence.

[0062] Figure 2 shows a second embodiment of the present invention. The system that is shown in Figure 2 differs from the
system that is shown in Figure 1 in that the condensate inlet 4.1 for unclean condensate UC at the heat exchanger for district
heating and the condensate inlet 5.1 for unclean condensate at the heat exchanger for heat recovery are connected in parallel to
the scrubber 3. The heat exchanger 4 for district heating and the heat exchanger 5 for heat recovery are thus fed in parallel with
unclean condensate from the steam regeneration unit 3. This means that also the heat exchanger 5 for heat recovery receives
unclean condensate directly from the scrubber 3. The heat exchanger for district heating and the heat exchanger for heat
recovery thus receive unclean condensate with the same temperature. The heat exchanger 4 for district heating and the heat
exchanger 5 for heat recovery are adapted such that as much thermal energy as possible can be recovered from the unclean
condensate.

[0063] The method according to the invention for the recovery of thermal energy from a steam dryer with a closed circulation that
produces excess steam comprises the excess steam being led from the steam dryer 2 to a steam regeneration unit 3, for example
a scrubber and a steam reformer. The excess steam is there condensed to an unclean condensate UC, whereby also clean
steam CS is obtained. The clean steam CS is recovered in the steam power process 6. It is particularly advantageous to recover
the clean steam CS in the steam turbine 7. The unclean condensate UC from the steam regeneration unit 3 is led to a heat
exchanger 4 for district heating. The heat exchanger for district heating receives also a district heating medium HW from the
combined low-pressure preheater and district heating condenser 9 in the steam power process 6. A part of the thermal energy in
the unclean condensate UC is recovered by being transferred to the district heating medium HW in the heat exchanger 4 for
district heating, whereby the district heating medium is heated.

[0064] The unclean condensate UC is led onwards from the heat exchanger 4 for district heating to a heat exchanger 5 for heat
recovery, whereby the thermal energy that has not been recovered in the heat exchanger 4 for district heating is recovered,
transferred, to a first steam turbine condensate STC1 in the steam power process.

[0065] The steam turbine condensate STC1 is a low-pressure condensate and it is led from a low-pressure condenser 8 in the
steam power process to the heat exchanger 5 for heat recovery where the steam turbine condensate STC1 is preheated in the
first low-pressure preheating step of the steam cycle.

[0066] The recovery of the thermal energy in the unclean condensate UC from the steam regeneration unit 3 takes place in
series, whereby a part of the thermal energy in the unclean condensate UC is first transferred to the district heating medium HW
in the heat exchanger 4 for district heating. The unclean condensate UC is subsequently led from the condensate outlet of the
heat exchanger for district heating to the condensate inlet 5.1 of the heat exchanger for heat recovery. A part of the remaining
thermal energy in the unclean condensate UC is transferred in the heat exchanger 5 for heat recovery to the steam turbine
condensate STC1 that the heat exchanger for heat recovery has received from the low-pressure condenser 8.

[0067] The heat exchanger 4 for district heating and the heat exchanger 5 for heat recovery are thus fed in series with unclean
condensate UC from the steam regeneration unit 3.

[0068] Of course, the recovery of as much as possible of the thermal energy in the excess steam SS is aspired to. A large
fraction of the thermal energy that is produced in the steam boiler and supplied to the steam dryer can be recovered by adapting
the temperature levels in the heat exchangers.

[0069] Alternatively, the unclean condensate UC can be fed in parallel from the steam regeneration unit 3 to the heat exchanger
4 for district heating and the heat exchanger 5 for heat recovery, as is shown in Figure 2. The recovery of the thermal energy UC
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then occurs in parallel, whereby thermal energy in the unclean condensate UC from the steam regeneration unit 3 is transferred
to the district heating medium HW in the heat exchanger 4 for district heating and to the steam turbine condensate STC1 that
comes from the low-pressure condenser 8 in the heat exchanger 5 for heat recovery.

[0070] The steam turbine condensate STC1 to which thermal energy has been supplied in the heat exchanger 5 for heat
recovery thereafter is denoted by "STC2". The condensate STC2 is led onwards to the combined low-pressure preheater and
district heating condenser 9. Also the district heating medium HW from a district heating return line 13.1 is led to the combined
low-pressure preheater and district heating condenser 9. Thermal energy is transferred in the combined low-pressure preheater
and district heating condenser 9 from withdrawn steam from a steam turbine withdrawal point 7.4 both to the steam turbine
condensate STC2 and to the district heating medium HW. The condensate STC2 from the heat exchanger 5 for heat recovery is
in this way preheated at the same time as thermal energy from the withdrawn steam is transferred through indirect heat transfer to
a district heating medium HW.

[0071] By recovering thermal energy from a steam dryer with a closed circulation 2.1 according to the method described above,
a very good energy economy with a high efficiency is obtained in the system. Very little thermal energy is lost. By recovering the
thermal energy in several steps, in several heat exchangers connected one after the other, the thermal energy is recovered at
several temperature levels. By connecting the steam dryer and the steam regeneration unit with the heat exchanger for heat
recovery, it is achieved that the steam turbine condensate STC1 that circulates in the steam cycle is preheated in a first
preheating step, and thus the power generated by the steam turbine unit is increased while at the same time the total requirement
for energy of the combine as a whole is reduced.

[0072] The invention concerns also a bioenergy combine for the manufacture of biofuel, electricity and heat. The bicenergy
combine comprises a steam dryer with a closed circulation of the type described above, and a steam power process that
comprises a steam cycle of the type described above.

[0073] The steam dryer with the circulation dries wood-based material such as wood chips and peat. The dried material is used
during the manufacture of biopellets or as fuel in the steam boiler of the steam power process.

[0074] The steam power process is, for example, a steam-powered power plant, a condensate-powered power plant or a direct
heating power plant. A second type of steam power process is an industry with integrated energy production, of the type sawmiill,
foundry, or other heavy industry. It is common that these types of plant have at least one turbine that generates electricity. The
steam power process produces electricity and heat. The heat is supplied both to the steam dryer and to the district heating
system, as has been described above.

[0075] The bioenergy combine according to the invention comprises also a system for the recovery of thermal energy from the
steam dryer of the type described above.

[0076] The bioenergy combine achieves energy-efficient integration of several energy-producing plants with a high overall
efficiency and reduced operating costs as a consequence.

[0077] ltis advantageous to integrate the steam dryer with the steam power process and the system for the recovery of thermal
energy from the steam dryer. Large gains in energy are obtained and the integration leads to increased flexibility in the
production of different types of energy. This leads to a high overall efficiency for the bioenergy combine.

[0078] The technical distinctive features in the form of parts and fittings that have been described above can be freely combined
within the innovative scope of the invention as long as the result corresponds to the design that is described in the patent claims.

[0079] Various embodiments of the invention are specified in the attached patent claims and in the detailed description and
drawings given below. The embodiments in the description constitute only various examples of the invention, and they are not to
be seen as limiting: all embodiments can be combined and can vary. All technical distinctive features in the embodiments may be
freely combined as long as the functionality described is obtained. It is possible to vary and modify the embodiments within the
protective scope defined by the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
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Patentkrav

1. Fremgangsmade til genindvinding af varmeenergi fra et damptgrreapparat (2)
med en lukket cirkulation (2.1) der producerer overskudsdamp SS kendetegnet
ved at overskudsdampen SS er kondenseret til et urent kondensat UC i en
dampregenereringsenhed (3) og ved at varmeenergien i det urene kondensat UC
genindvindes ved at blive overfgrt til et fjernvarmemedie HW i en varmeveksler
(4) til fjernvarme, og ved at varmeenergien i det urene kondensat UC fra
dampregenereringsenheden (3) genindvindes i en dampkraftsproces (6) gennem
varmeenergien i det urene kondensat UC der overfgres til et dampturbine-
kondensat STC1 i en varmeveksler (5) til varmegenindvinding, hvorved

dampturbinekondensatet STC1 fra en lavtrykskondensator (8) opvarmes.

2. Fremgangsmade ifglge krav 1, kendetegnet ved at genindvindingen af
varmeenergi fra dampregenereringsenheden (3) foregdr i serier, hvorved
varmeenergi i det urene kondensat UC fgrst overfgres til fjernvarmemediet HW i
en varmeveksler (4) til fjernvarme og varmeenergien i det urene kondensat UC
overfgres efterfglgende til dampturbinekondensatet STC1 i en varmeveksler (5) til
varmegenindvinding, hvor varmeveksleren (4) til fjernvarme og varmeveksleren
(5) til varmegenindvinding i serier far tilfgrt urent kondensat fra

dampregenereringsenheden (3).

3. Fremgangsmade ifglge krav 1, kendetegnet ved at genindvindingen af
varmeenergien foregar parallelt, hvorved varmeenergi i det urene kondensat UC
fra dampregenereringsenheden (3) overfgres til fjernvarmemediet HW i
varmeveksleren (4) til fjernvarme og til dampturbinekondensatet STC1 i
varmeveksleren (5) til varmegenindvinding, hvor varmeveksleren (4) til
fiernvarme og varmeveksleren (5) til varmegenindvinding parallelt far tilfgrt urent
kondensat UC fra dampregenereringsenheden (3)

4. Fremgangsmade ifglge et hvilket som helst af de foregaende krav,
kendetegnet ved at dampturbinekondensatet STC2 ledes fra varmeveksleren (5)
til varmegenindvinding til en kombineret lavtryksforvarmer og
fjernvarmekondensator (9), og at fjernvarmemediet HW fra et fjernvarmereturrgr
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(13.1) ledes til den kombinerede lavtryksforvarmer og fjernvarmekondensator
(9), hvorved varmeenergi fra damp isoleret fra et dampturbineudtraskspunkt (7.4)
overfgres bade til dampturbinekondensatet STC2 og til fiernvarmemediet HW i

den kombinerede lavtryksforvarmer og fjernvarmekondensator (9).

5. Fremgangsmade ifglge et hvilket som helst af de foregdende krav,
kendetegnet ved at damptgrreapparatet (2) fgres til at fungere ved et tryk der

overstiger atmosfeerisk tryk.

6. Fremgangsmade ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at damptgrreapparatet (2) fgres til at fungere ved et tryk der
ligger under atmosfeerisk tryk.

7. Fremgangsmade ifglge et hvilket som helst af de foregaende krav,
kendetegnet ved at damptgrreapparatet (2) anvendes til tgrringen af organisk

materiale.

8. Fremgangsmade ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at damptgrreapparatet (2) anvendes til tgrringen af mindst en
af trae-baseret bulkmateriale og tgrv-baseret bulkmateriale.

9. Fremgangsmade ifglge et hvilket som helst af de foregédende krav,
kendetegnet ved at damptgrreapparatet (2) anvendes til tgrringen af kloakslam.

10. System til genindvinding af varmeenergi fra et damptgrreapparat (2) med en
lukket cirkulation (2.1) der producerer overskudsdamp SS hvor systemet omfatter
en dampregenereringsenhed (3) forbundet med damptgrreapparatet (2) til
kondenseringen af overskudsdamp SS til et urent kondensat UC, kendetegnet
ved at en varmeveksler (4) til fjernvarme er forbundet med
dampregenereringsenheden (3) og til et fjernvarmesystem (12), og ved at
varmeenergi overfgres fra det urene kondensat UC til et fjernvarmemedie HW i
varmeveksleren (4) til fjernvarme, og ved at en varmeveksler (5) til
varmegenindvinding er forbundet med dampregenereringsenheden (3) for at
modtage urent kondensat UC fra dampregenereringsenheden (3), og ved at

varmeveksleren 5 til varmegenindvinding ogsa er forbundet med en
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lavtrykskondensator (8) i en dampkraftsproces (6) for at modtage et
dampturbinekondensat STC1 fra lavtrykskondensatoren (8), hvorved varmeenergi
fra det urene kondensat UC overfgres til dampturbinekondensatet STC1 i

varmeveksleren (5) til varmegenindvinding.

11. System ifglge krav 10, kendetegnet ved at varmeveksleren (4) til
fjernvarme og varmeveksleren (5) til varmegenindvinding er forbundet i serie
med dampregenereringsenheden (3), og ved at det urene kondensat UC fra
dampregenereringsenheden (3) fgrst fgres til varmeveksleren (4) til fjernvarme
sdledes at varmeenergi i det urene kondensat UC fgrst overfares til
fjernvarmemediet HW, og ved at det urene kondensat UC efterfglgende fgres fra
varmeveksleren (4) til fjernvarme til varmeveksleren (5) til varmegenindvinding
saledes at varmeenergi fra det urene kondensat UC overfgres til

dampturbinekondensatet STC1 i varmeveksleren (5) til varmegenindvinding.

12. System ifglge krav 10, kendetegnet ved at varmeveksleren (4) til
fjernvarme og varmeveksleren (5) til varmegenindvinding er forbundet parallelt
med dampregenereringsenheden (3), og ved at det urene kondensat UC fra
dampregenereringsenheden (3) fgres parallelt til varmeveksleren (4) til
fiernvarme og varmeveksleren (5) til varmegenindvinding sdledes at varmeenergi
i det urene kondensat UC overfgres til fjernvarmemediet HW i varmeveksleren til
fjernvarme og til dampturbinekondensatet STC1 i varmeveksleren (5) til

varmegenindvinding.

13. System ifglge et hvilket som helst af kravene 10-12, omfattende en
dampcyklus, hvor dampcyklussen har mindst et fgrste lavtryksforvarmningstrin
omfattende varmeveksleren (5) til varmegenindvinding og et andet
lavtryksforvarmningstrin omfattende den kombinerede lavtryksforvarmer og
fiernvarmekondensator (9) til forvarmning af dampturbinekondensatet.

14. System ifglge et hvilket som helst af kravene 10-13, kendetegnet ved at
den kombinerede lavtryksforvarmer og fjernvarmekondensator (9) er forbundet
med varmeveksleren (5) til varmegenindvinding, og ved at den kombinerede
lavtryksforvarmer og fjernvarmekondensator (9) omfatter et organ til direkte

varmeveksling og et organ til indirekte varmeveksling, og ved at et
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fjernvarmereturrgr (13.1) og et dampturbineudtraekspunkt (7.4) er forbundet med
den kombinerede lavtryksforvarmer og fjernvarmekondensator (9), hvorved
varmeenergi fra damp isoleret fra dampturbineudtraekspunktet (7.4) overfgres
direkte med direkte varmeveksling til dampturbinekondensatet STC2 og gennem

indirekte varmeveksling til fjernvarmemediet HW.

15. System ifglge et hvilket som helst af kravene 10-14, omfattende en
dampreformer (3.2) der har et organ til genindvindingen af varmeenergi fra
overskudsdamp SS gennem dannelsen af ren damp CS, og et organ til levering af
den rene damp CS til en dampturbine (7) til dens anvendelse i produktionen af
elektricitet.
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