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Description
Field of the invention

[0001] The present invention concerns a method for
producing hydrogen from biomass, said method compris-
ing the stages of drying of the biomass, pyrolysis of the
biomass to achieve coke and combustion of the pyrolysis
gases to form synthesis gas. The present invention also
concerns an equipment for carrying out the method of
the present invention.

[0002] This new method of gasification of biomass
based on gas generators, gas scrubbing and heat recov-
ery will become more effective than any known technical
solution and could be used from a medium-large scale
(community) to a large scale (industrial).

Prior art

[0003] Gasification of biomass is an important source
of "green" energy. This is due primarily to its ability to be
both renewable and to not contribute to emission of car-
bon dioxide to the atmosphere. Hydrogen is an energy
carrier not producing any emissions upon combustion.
Hydrogen is a desirable fuel for vehicles, industries and
electricity generation.

[0004] Efforts to find the most effective method of gas-
ification of biomass (wood) are proceeding intensively
around the world. Most gasification initiatives come from
boilers where steam and electricity are obtained at the
same time as gasification. This method is aimed at heat
generation and recovery without steam formation.
[0005] From WO 01/68789 is known a method and
equipment for producing synthesis gas from biomass,
said method comprising a drying step, a pyrolysis step
and a combustion step. However, there is no separation
of the synthesis gas to obtain pure hydrogen.

[0006] From US 5,795,666 is known a modular power
station primarily for production of hydrogen using solar
energy. Said document mentions that hydrogen can be
separated from fuel gas and stored in a metal hydride.
[0007] From JP 4 096 995 a method is already known
for production of gas with high energy content, wherein
said production starts from a mixture of coke oven gas
and converter gas. Oxygen gas is added to the mixture.
In a subsequent phase, methane gas is produced. In a
concluding phase of the production of gas with high en-
ergy content, the nitrogen gas component is removed by
cryogenic separation.

Objects and features of the invention

[0008] The mostimportant object of the present inven-
tion is to provide a method for production of hydrogen
gas from renewable raw materials in the form of biomass.
[0009] Another object of the present invention is to
eliminate nitrogen from the combustion gases.

[0010] Yetanother object of the present invention is to
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reduce the cleaned gas, i.e., the gas from which nitrogen
has been removed.

[0011] Yetanother object of the presentinvention is to
implement a number of heat exchange steps during the
process.

[0012] At least the primary object of the presentinven-
tion is realised by a method having the characterising
features according to the independent claims. Preferred
embodiments of the invention are defined in the depend-
entclaims.

Brief description of figures

[0013] One preferred embodiment of the invention is
described below, referring to the enclosed figures, where:

Fig. 1 shows a flow chart of a preferred embodiment
of the present invention, wherein said chartalso
shows schematically the units forming an
equipment to carry out the method; and

Fig.2  shows a flow chart of a preferred embodiment

for hydrogen enrichment and gas separation by
the present invention, wherein said chart also
shows schematically the units forming an
equipment to carry out the hydrogen enrich-
ment and separation method.

Detailed description of a preferred embodiment of
the invention

[0014] Fig. 1 shows schematically a number of units
making up the equipment to carry out the method. The
conduits, pipes, etc., which link together the units of the
equipment are not described or shown in detail. The con-
duits pipes, etc. are appropriately configured to fulfil their
function, i.e., to transport gases and solids between units
of the equipment.

[0015] The equipment comprises a storage unit 1 for
the biomass. Biomass is usually either wood or crops
which are grown and harvested especially for this pur-
pose or by-products from the pulp and paper or other
industries. The storage unit 1 is designed to let a stream
of heated air pass through the storage unit to dry the
biomass. Biomass has certain disadvantages as a fuel,
since itis harvested with a very high water content (mois-
ture), which lowers its caloric value and requires drying
prior to its use. Many by-products are converted into pel-
lets to simplify the handling (before and after drying). It
is also possible to make coke from the wood and obtain
a cleaner energy source.,

[0016] The equipment also comprises a reactor unit 3
which in turn comprises a pyrolysis chamber 5 and an
afterburner chamber 6, both of said chambers generally
being outfitted with a ceramic lining. The equipment also
comprises a first regenerator device 7 which is intercon-
nected with the afterburner chamber 6 in the reactor unit
3. The purpose of the first regenerator device 7 is heat
exchange at extremely high temperatures, i.e., on the
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order of 1500-1600°C. In general, a regenerator com-
prises ceramic material. The first regenerator device 7 is
also interconnected with an evaporator 9 which is includ-
ed in the equipment of the present invention. The first
regenerator device 7 and the evaporator 9 together form
a first heat exchanger means. The evaporator 9 is inter-
connected with a gas scrubber, which also forms part of
the equipment of the present invention.

[0017] An air blower 8 is interconnected with a second
regenerator device 15, said air blower 8 being part of the
equipment of the present invention. The second regen-
erator device 15 is also connected to pyrolysis chamber
5via heat exchanger device 4 so that heat from the heat-
ed air is supplied from the air blower 8 to the pyrolysis
chamber 5 and the remaining heat goes to drying of the
biomass in the storage unit 1. This air flow from the sec-
ond regenerator 15 via heat exchanger device 4 to py-
rolysis chamber 5 through the drying in the storage unit
1 will carry along particles and possibly gases for com-
bustion in the afterburner chamber 6 in the reactor unit 3.
[0018] Afterthe gas scrubbers 28 and 29 and the evap-
orator 9, a rotating fan 11 is provided, said rotating fan
11 being part of the equipment of the present invention.
Thus, the gas scrubbers 28 and 29 are interconnected
with the rotating fan 11 and the rotating fan 11 in turn is
interconnected with the evaporator 9 and the first regen-
erator device 7.

[0019] The equipment of the present invention also
comprises a reduction shaft 12 which is interconnected
with the combustion chamber 5 at reactor unit 3. The
reduction shaft 12 is divided into a number of compart-
ments 13A-13C, each compartment 13A-13C constitut-
ing a reduction stage. A ceramic valve(not shown) gov-
erns the transport of coke fuelfrom the combustion cham-
ber 5 to the reduction shaft 12. At the bottom of the re-
duction shaft 12 there is a slag pocket 14, where the
remaining ash and slag is collected.

[0020] In immediate proximity to the reactor unit 3 and
reduction shaft 12 there is a second heat exchanger
means in the form of a second regenerator 15 which is
connected to both the combustion chamber 5 and the
reduction shaft 12. The second regenerator 15 is includ-
ed in the equipment of the present invention. The second
regenerator 15 is also connected to a compressor 17,
said compressor 17 being included in the equipment of
the present invention. The air blower 8 blows air into the
second regenerator 15 while the compressor 17 sucks
synthesis gas S from the second regenerator 15.
[0021] The exhaust gases from the reactor unit 3 go
through a cleaning system comprising a cyclone 20 which
is connected to a catalytic reactor 21, also included in
the cleaning system. The catalytic reactor 21 is connect-
ed to the evaporator 9 which is also connected to a first
filter 28 which is preferably an electro static precipitator,
said first filter 28 being included in the cleaning system.
Thefirstfilter 28 can be connected to a scrubber 29 which
is included in the cleaning system.

[0022] Fig. 2 shows the gas separation and water gas
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reactor units in more detail. A compressor 17 which is
included in the gas separation and water gas reactor units
is connected to a second filter 23 which is included [in]
the gas separation and water gas reactor units. The sec-
ond filter 23 is preferably a mechanical filter. The second
filter 23 is connected to a tank 24 which is part of the gas
separation and water gas reactor units. The tank 24 is
suitable for maintaining an excess pressure, said excess
pressure being generally on the order of around 7-11 bar.
The tank 24 is connected to a membrane 25 which is part
of the gas separation and water gas reactor units. In the
membrane 25, the outgoing gas flow is divided into car-
bon monoxide CO and hydrogen H,. The membrane 25
is connected to a water gas shift reactor where the re-
maining carbon monoxide is made to react catalytically
with steam under highly increased pressure and temper-
ature, so the remaining carbon monoxide is oxidised by
the steam to hydrogen and carbon dioxide. The reaction
occurs preferably in two different temperature stages with
different catalyst material and to fully transform the car-
bon monoxide into the reaction products of hydrogen and
carbon dioxide. The gases are separated normally by the
adsorption technique in the form of PSA (Pressure Swing
Adsorption), resulting in two totally separate streams with
high purity and degree of separation.

[0023] Fig. 1 describes the method of the present in-
vention by means of a flow chart. The notion of the in-
vention is to gasify the biomass so as to produce in a first
stage a synthesis gas S (H,/CO) with a high caloric value,
where overheated steam is reduced to synthesis gas S
(H,/CO). The flow chartfor the processin Fig. 1 describes
a state where the method of the present invention is run-
ning continuously. In practice, however, it is necessary
to start the process from a cold state for both the biomass
and the equipment in order to carry out the method of
the present invention. This is done preferably by use of
a gas burner. This burner will preheat and store energy
in the ceramic lining of the combustion chamber 5 and
in the reduction shaft 12. This preheating is done until
the temperature setpoint has been reached (over
1000°C) and the process meets its own energy needs.
The preheating fuel is preferably in gas form. Actually,
any desired fuel which adequately preheats the equip-
ment can be used.

[0024] The continuous process of the present inven-
tion is described below, with reference to the flow charts
of Fig. 1 and Fig. 2.

[0025] In the first stage, the biomass is dried with in-
coming heated air, which goes to a combustion stage in
the process as described below. The dried biomass is
taken down to the pyrolysis chamber 6 at reactor unit 3.
This is shown by arrow B in Fig. 1. The preheated air for
a combustion stage has a high capacity for drying of the
biomass. The water steam can be collected and used in
a reduction stage of the process as described below.
[0026] The second stage is conducted in reactor unit
3, where first pyrolysis and then combustion (oxidation)
occurs in the ceramic-insulated chambers 5 and 6. Pre-



5 EP 2 291 492 B1 6

heated air, from the air blower 8 and the second regen-
erator 15, first heats the fuel to drive the pyrolysis, drive
off volatile substances, and partially burn the fuel to form
a coke residue (which is used for the third stage) and
flammable gases. The light flammable substances are
pyrolysed firstwith heated air and incomplete combustion
until only carbon (coke) remains. By injection of preheat-
ed air, from the first air blower 8 and the second regen-
erator device 15, the combustion of the gases is com-
pleted in an afterburner chamber 6, where superheated
air completely burns all gases and volatile substances.
The air is heated by regenerative means from the outgo-
ing synthesis gases S. The combustion process is reg-
ulated by maintaining the outgoing oxygen at a particular
level and temperature of around 1500-1600°C. This com-
bustion leaves the major part of the carbon out of the
reaction until it is taken down to the third stage. Heavy
components (tar) and complex components (aromatics)
can be disrupted at the high temperatures in the after-
burner chamber 6 and be taken to the exhaust phase in
the form of elemental CO, and H,O.

[0027] The outgoing gases (CO,, N, and H,O) from
the afterburner chamber 6 preferably have atemperature
over 1600°C. These outgoing gases pass through the
first regenerator device 7 where a heat exchange occurs,
i.e., the outgoing gases are cooled, preferably to
250-300°C, while water steam from the evaporator 9 is
heated, preferably to around 1500°C. Treatment of the
steam is described more fully below.

[0028] The cooled outgoing gases (CO,, N, and H,0)
now pass through an evaporator 9 where further cooling
occurs, preferably to around 150°C, and from the evap-
orator 9 the outgoing gases (CO,, N, and H,0) flow to
the gas scrubbers 28 and 29.

[0029] In the gas scrubbers 28 and 29, the outgoing
exhaust gases are cleaned of particles and emissions
which are regulated (NOx, SOx).

[0030] Theoutgoing exhaustgases(CO,, N, and H,0)
from the first heat exchanger 7 flow through the cyclone
20toremove the coarse materialfrom the outgoing gases
(CO,, Ny and H,0). Then the outgoing gases (CO,, N,
and H,0) go through the catalytic reactor 21, through the
evaporator 9, [and] through the first filter/electric filter 28.
The catalytic reactor traps all NO, from the combustion.
One must hold the temperature at around 250°C and add
ammonia (NH,) to drive the catalytic reaction. When the
reduction of NO, is complete, only pure nitrogen and wa-
ter steam remain. The electro static precipitator 28 traps
all particles from the combustion. Then the outgoing ex-
haust gases (CO,, N, and H,O) go to the dryer 1 where
the heat is used for drying of incoming biomass.

[0031] Synthesis gas S is produced in the reduction
shaft 12 and goes through the second regenerator 15
and is compressed in compressor 17 after which they go
through a mechanical filter 23 before arriving at the tank
24, where a suitable excess pressure prevails. The com-
pressed synthesis gas S flows from the tank 24 through
the membrane 25 where the outgoing gases (CO and

10

15

20

25

30

35

40

45

50

55

H,) are divided into pure hydrogen and pure carbon mon-
oxide at high pressure. The carbon monoxide (CO)
makes up around 50% of the synthesis gas, while hydro-
gen (H,) makes up the rest.

[0032] Water is fed to a pump 2 and then forced up in
temperature by the evaporator 9 to the gas phase
(steam). The gas then passes through the first regener-
ator device 7 where the temperature is raised substan-
tially, preferably up to alevel of around 1500°C. The heat-
ed steam then undergoes reduction in the reduction shaft
12. The reduction is carried out in several stages, each
reduction stage being done in a reduction compartment
13A-13C.

[0033] In this way, the heated steam is reduced during
a first reduction stage in the first reduction compartment
13A, said compartment being the lowermost compart-
ment in the reduction shaft 12. In the first reduction com-
partment 13A the steam reacts with the coked fuel from
the combustion chamber 5, said coked fuel being taken
down through the reduction shaft 12. In this regard it will
be noted that after the coked fuel has passed through all
the above reduction compartments the coked fuel has
become depleted during its travel through the reduction
compartments 13C-13A in the reduction shaft 12. How-
ever, since the contentofH,O is relatively high, the coked
fuel in reduction chamber 13A is ready to carry out a
proper reduction of the steam, i.e., the outcome of the
reduction is a partially reduced synthesis gas.

[0034] When the steam has been treated in the first
reduction stage, i.e., it has gone through the reduction
compartment 13A, the partly reduced synthesis gas S is
fed back to the first regenerator device 7. When the par-
tially reduced synthesis gas again goes through the first
regenerator device 7 the temperature of the partially re-
duced synthesis gas israised to a level of around 1500°C.
The heated, partially reduced synthesis gas again un-
dergoes reduction, this being done by making the par-
tially reduced synthesis gas go through the second re-
duction compartment 13B where a similar reduction oc-
cur to that described in connection with the first reduction
compartment 13A. Since the coked fuel is less depleted
in the second reduction compartment 13B, as compared
to the first reduction compartment 13A, a proper reduc-
tion occurs in the second reduction compartment 13B
even if the gas content of H,O in the partially reduced
synthesis gas is lower than during the first reduction
stage. The partially reduced synthesis gas leaving the
second reduction chamber 13B will be reused for the first
regeneratordevice 7. The partially reduced synthesis gas
will again be subjected to a temperature rise when the
partially reduced synthesis gas goes through the first re-
generator device 7, preferably to around 1500°C.
[0035] The reduction process now continues with yet
anotherreduction stage. The equipment as shown in Fig.
1 has yet another reduction chamber 13C. This means
thatyet anotherreduction stage is carried outin the same
way as described above.

[0036] Thanks to the overheating of the partially re-
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duced synthesis gas between each reduction stage, the
driving force is sufficient for the reaction and nearly all
the H,O is reduced to CO and H,.

[0037] When the partially reduced synthesis gas has
gone through the last reduction stage, the partially re-
duced synthesis gas has turned into a completely re-
duced synthesis gas S, which is sucked through the sec-
ond regenerator 15, cooling the synthesis gas S. The
synthesis gas S is made up of a mixture of CO and H,.
This gas can be further refined to liquid biofuel, e.g., by
a Fischer-Tropsch process or the like.

[0038] The synthesisgas S is compressed in compres-
sor 17, cleanedin the filter 23 and separated viathe mem-
brane 25 to a hydrogen stream (H,) and a carbon mon-
oxide stream (CO). This hydrogen is half of the outgoing
product. The carbon monoxide stream is taken through
a water gas shift reactor along with water. The carbon
monoxide (CO)is transformed into carbon dioxide (CO,)
by reacting with the oxygen in the water steam, which in
turn becomes hydrogen. By letting the water gas shift
reaction occur at both high and low temperature, an al-
most complete transformation of the gas can be done.
The two gases are separated preferably by adsorption
technique (PSA) into two separate streams where the
carbon dioxide is a residual product and the hydrogen
forms the other half of the product stream.

[0039] It is necessary to maintain dilution between the
stages as low as possible to maintain the process effec-
tive. If the combustion gases are taken to the reduction
stage there will be a dilution with nitrogen and adecrease
in the caloric content of the outgoing products. This re-
quires a regulating of gases and pressure to achieve full
capacity for the process and the pressure regulation is
the key to this.

[0040] The pressure in the system is used to minimise
the dilution between the three stages of drying, combus-
tion and reduction. This is also necessary when the mass
transfer of solids is open between the three stages. For
this reason, the pressure in the combustion chambers
(stage two) is the lowest, followed by the reduction cham-
ber, to minimise the transfer of gases between these two
stages. The drying will have a higher pressure than the
other two stages to prevent hot gases from escaping by
mistake.

Suitable modifications of the invention

[0041] By adding oxygen and enriching the afterburner
stageitshould be possible to further improve the process.
It would be necessary to balance the heat load of the
outgoing gas against the heat needed at the reduction
stage. A higher concentration of CO, would be the result
up to the gas cleaning, enabling a somewhat easier and
more energy-effective cleaning of a lower mass flow.

[0042] The embodimentofthe equipmentshown inFig.
1 has three reduction chambers. However, within the
scope of the present invention the number of reduction
chambers can be more or less than three. In general, the
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number of reduction chambers will not be fewer than two
or more than five.

[0043] Inthe method and equipment described above,
amembrane technique is used to clean the outgoing gas-
es. However, other gas separation techniques are pos-
sible within the scope of the present invention.

[0044] Molecular sieves (English: Pressure Swing Ad-
sorption (PSA)) are an alternative method where gases
under pressure feed zeolites and activated charcoal to
separate nitrogen from gas streams. Gas cleaning by this
method requires the water to be separated before the
cleaning and with this process it is necessary to restore
this water to the process in the reduction stage.

[0045] As an alternative to the first filter/electric filter
28 in the cleaning unit, the collected dust can be fed back
to the combustion chamber 5.

[0046] In the above description of the method of the
present invention, it is presented as a method driven pri-
marily under ambient pressure. If a larger unit is built, it
can and will be possible to increase the pressure and
thereby achieve greater density for the entire process.
In practice, this means less steel and refractory material
per production unit, i.e., lower investment per synthesis
gas unit produced.

[0047] The most important changes to the equipment
will be that the fans and blowers need to be compressors
and turbines. Reactor unit 3 will consist of a pressure
vessel. All pipelines have to be adapted to the actual
pressure. The regenerators need to be more pressure-
secure and the gas cleaning equipments have to be mod-
ified.

[0048] To lower emissions to the surroundings, air can
be used for drying of incoming biomass. The air will then
be heated by outgoing exhaust gases from the afterburn-
er stage or the synthesis gas from the gasification of the
biomass. The particles and gases given off in the drying
stage can then be burned in the afterburner state.

Claims

1. Method for production of hydrogen (H,) from bio-
mass, wherein said method comprises the stages of
drying of the biomass, pyrolysis of the biomass to
achieve coke and combustion of the pyrolysis gases
to form gases (CO,, N, and H,O), the method com-
prising the further stages of subjecting the gases
(CO,, N, and H,0) emerging from the combustion
stage to a first heat exchange, wherein the gases
(CO,, Ny and H,0) emerging from the combustion
stage are cooled, water is evaporated in an evapo-
ration stage by means of the caloric content of the
gases (CO,, N, and H,0) emerging from the com-
bustion stage, the steam is subjected to heat ex-
change wherein the steam is heated, the steam is
reduced to a synthesis gas (S) consisting of hydro-
gen (H,) and carbon monoxide (CO), this reduction
occurs by reaction with the coked fuel, and the syn-
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thesis gas (S)is subjected to gas separation to obtain
pure hydrogen, characterised in that, in a further
treatment stage, the carbon monoxide is subjected
to water gas shift reaction, and supplied steam forms
hydrogen (H,) with carbon dioxide (CO,) as residual
product, and the hydrogen (H,) is separated from
the carbon dioxide (CO,) in a final gas separation
stage.

Method according to claim 1, characterised in that
the synthesis gas obtained during the reduction un-
dergoes heat exchange, wherein the synthesis gas
is cooled and the air used in combustion is heated.

Method according to any one of the preceding
claims, characterised in that the cooling of the gas-
es (CO,, N, and H,0) emerging from the gasification
and the heating of the water steam are done in a
common heat exchange stage.

Method according to any one of the preceding
claims, characterised in that the cooling of the gas-
es (CO,, N, and H,0) emerging from the gasification
with heat exchange is done in two separate stages.

Method according to claim 4, characterised in that
a reaction with coked fuel from the gasification is
initiated at the first reduction stage of synthesis gas
(S), and said coked fuel has participated in the pre-
ceding reduction stage.

Equipment for conducting a method for production
of hydrogen (H,) from biomass, wherein said equip-
ment comprises a storage unit (1) for biomass and
areactor unit (3) to carry out pyrolysis of the biomass
and combustion of the pyrolysis gases, that the
equipment also comprises first heat exchanger
means (7, 9) to receive outgoing gases (CO,, N, and
H,0) from the reactor unit (3), a gas cleaning unit
(21, 28, 29) to receive the outgoing gases (CO,, N,
and H,0) cooled in the first heat exchanger means
(7, 9), means (9) for evaporating water (H,O (1)),
means (2) for supplying steam (H,O (g)) to the first
heat exchanger means (7, 9), and a reduction shaft
(12) connected to the reactor unit (3) to carry out
reduction in several stages of the steam (H,0 (g))
to obtain a synthesis gas (S), characterised in a
gas separation unit (23, 24, 25) to separate the syn-
thesis gas (S) into carbon monoxide (CO) and hy-
drogen (H,) and means (WGS) to carry out water
gas shift reaction of the carbon monoxide (CO) to
obtain hydrogen (H,) and carbon dioxide (CO,).

Equipment according to claim 6, characterised in
that the first heat exchanger means comprises afirst

regenerator device (7).

Equipmentaccording to any one of claims 6-7, char-
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acterised in that the second heat exchanger means
is comprised of a second regenerator (15).

Equipment according to any one of claims 6-7, char-
acterised in that the reduction shaft (12) comprises
at least two reduction compartments (13A to 13C).

Patentanspriiche

1.

Verfahren zur Herstellung von Wasserstoff (H,) aus
Biomasse, wobei das Verfahren folgende Stufen
umfasst: Trocknen der Biomasse, Pyrolyse der Bio-
masse zu Koks und Verbrennen der Pyrolysegase
zur Bildung von Gasen (CO,, N, und H,0), wobei
das Verfahren folgende weitere Stufen umfasst:

Unterwerfen der Gase (CO,, N, und H,0) aus
der Verbrennungsstufe einem ersten Warme-
austausch, wobei die Gase (CO,, N, und H,O)
aus der Verbrennungsstufe abgekihlt werden,
Wasser in einer Verdampfungsstufe mit Hilfe
des Warmegehalts der Gase (CO,, N, und H,0)
aus der Verbrennungsstufe verdampft wird, der
Dampf einem Warmeaustausch unterworfen
wird, wobei der Dampf erwarmt wird, der Dampf
zu einem Synthesegas (S), das aus Wasserstoff
(Hy) und Kohlenmonoxid (CO) besteht, redu-
ziert wird, wobei diese Reduktion durch Reakti-
on mitdemverkokten Brennstoff erfolgt, und das
Synthesegas (S) einer Gastrennung zum Erhalt
von reinem Wasserstoff unterworfen wird,
dadurch gekennzeichnet, dass in einer weite-
ren Behandlungsstufe das Kohlenmonoxid ei-
ner WasserGas-Shiftreaktion unterworfen wird
und zugefluhrter Dampf Wasserstoff (H,) mit
Kohlendioxid (CO,) als Restprodukt bildet und
der Wasserstoff (H,) in einer abschlieRenden
Gastrennungsstufe von dem Kohlendioxid
(CO,) abgetrennt wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das wahrend der Reduktion erhal-
tene Synthesegas einen Warmeaustausch durch-
lauft, wobei das Synthesegas abgekiihlt und die bei
der Verbrennung verwendete Luft erwarmt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, dadurch gekennzeichnet, dass das Abkihlen
der Gase (CO,, N, und H,0) aus der Vergasung
und das Erwarmen des Wasserdampfs in einer ge-
meinsamen Warmeaustauschstufe erfolgen.

Verfahren nach einem der vorhergehenden Ansprii-
che, dadurch gekennzeichnet, dass das Abkihlen
der Gase (CO,, N, und H,0) aus der Vergasung mit
Warmeaustausch in zwei separaten Stufen erfolgt.
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Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, dass eine Reaktion mit verkoktem Brenn-
stoff aus der Vergasung in der ersten Reduktions-
stufe von Synthesegas (S) initiiert wird und der ver-
kokte Brennstoff an der vorhergehenden Redukti-
onsstufe teilgenommen hat.

Vorrichtung zur Durchfiihrung eines Verfahrens zur
Herstellung von Wasserstoff (H,) aus Biomasse, wo-
beidie Vorrichtung eine Lagereinheit (1) fir Biomas-
se und eine Reaktoreinheit (3) zur Durchfiihrung ei-
ner Pyrolyse der Biomasse und einer Verbrennung
der Pyrolysegase umfasst, die Vorrichtung auch ers-
te Warmeaustauschermittel (7, 9) zur Aufnahme von
abgehenden Gasen (CO,, N, und H,O) aus der Re-
aktoreinheit (3), eine Gasreinigungseinheit (21, 28,
29) zur Aufnahme der im ersten Warmeaustauscher-
mittel (7, 9) abgeklhlten abgehenden Gase (CO,,
N, und H,0), Mittel (9) zum Verdampfenvon Wasser
(Hy0O (1)), Mittel (2) zum Zuflhren von Dampf (H,0O
(9)) zum ersten Warmeaustauschermittel (7, 9) und
einen mit der Reaktoreinheit (3) verbundenen Re-
duktionsschacht(12) zur Durchfiihrung einer Reduk-
tion des Dampfs (H,O (g)) in mehreren Stufen zum
Erhalt eines Synthesegases (S) umfasst, gekenn-
zeichnet durch eine Gastrennungseinheit (23, 24,
25) zur Trennung des Synthesegases (S) in Kohlen-
monoxid (CO) und Wasserstoff (Hy) und Mittel
(WGS) zur Durchflihrung einer Wasser-Gas-Shiftre-
aktion des Kohlenmonoxids (CO) zum Erhalt von
Wasserstoff (H,) und Kohlendioxid (CO,).

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dass das erste Warmeaustauschermittel
eine erste Regeneratorvorrichtung (7) umfasst.

Vorrichtung nach einem der Anspriiche 6-7, dadurch
gekennzeichne, dass das zweite Warmeaustau-
schermittel aus einem zweiten Regenerator (15) be-
steht.

Vorrichtung nach einem der Anspriche 6-7, da-
durch gekennzeichnet, dass der Reduktions-
schacht (12) mindestens zwei Reduktionskomparti-
mente (13A-13C) umfasst.

Revendications

Procédé de production d’hydrogéne (H,) & partir de
biomasse, ledit procédé comprenant les étapes de
séchage de la biomasse, pyrolyse de la biomasse
pour obtenir du coke et combustion des gaz de py-
rolyse pour former des gaz (CO,, N, et H,0), le pro-
cédé comprenant les étapes supplémentaires con-
sistant a soumettre les gaz (CO,, N, et H,0) sortant
de I'étape de combustion a un premier échange de
chaleur,dans lequelles gaz (CO,, N, et H,O) sortant
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de 'étape de combustion sontrefroidis, 'eau est éva-
porée dans une étape d’évaporation au moyen du
contenu calorifique des gaz (CO,, N, et H,O) sortant
de I'étape de combustion, la vapeur d’eau est sou-
mise a un échange de chaleur dans lequel la vapeur
d’eau est chauffée, la vapeur d’eau est réduite en
un gaz de synthése (S) constitué d’hydrogéne (H,)
et de monoxyde de carbone (CO), cette réduction
se produit par réaction avec le combustible cokéfié,
etle gazde synthése (S) estsoumis a une séparation
des gaz pour obtenir de I’hydrogéne pur,
caractérisé en ce que, dans une étape de traite-
ment supplémentaire, le monoxyde de carbone est
soumis a une réaction du gaz a 'eau, et la vapeur
d’eau fournie forme de I'hydrogéne (H,) avec du
dioxyde de carbone (CO,) comme produit résiduel,
et 'hydrogéne (H,) est séparé du dioxyde de carbo-
ne (CO,) dans une étape de séparation des gaz fi-
nale.

Procédé selon larevendication 1, caractérisé en ce
que le gaz de synthése obtenu pendant la réduction
subit un échange de chaleur, dans lequel le gaz de
synthése estrefroidi et I'air utilisé dans la combustion
est chauffé.

Procédé selon 'une quelconque des revendications
précédentes, caractérisé en ce que le refroidisse-
ment des gaz (CO,, N, et H,O) sortant de la gazéi-
fication et le chauffage de la vapeur d’eau sont ef-
fectués dans une étape d’échange de chaleur com-
mune.

Procédé selon 'une quelconque des revendications
précédentes, caractérisé en ce que le refroidisse-
ment des gaz (CO,, N, et H,O) sortant de la gazéi-
fication avec échange de chaleur est effectué dans
deux étapes distinctes.

Procédé selon larevendication 4, caractérisé en ce
qu’une réaction avec le combustible cokéfié issu de
la gazéification est initiée a la premiére étape de ré-
duction du gaz de synthése (S), et ledit combustible
cokéfié a participé a I’étape de réduction précédente.

Equipement destiné & conduire un procédé de pro-
duction d’hydrogene (H,) a partir de biomasse, ledit
équipement comprenant une unité de stockage (1)
pour la biomasse et une unité de réaction (3) pour
réaliser la pyrolyse de la biomasse et la combustion
des gaz de pyrolyse, 'équipement comprenant éga-
lement un premier moyen échangeur de chaleur (7,
9) pour recevoir les gaz sortants (CO,, N, et H,0)
de l'unité de réaction (3), une unité de nettoyage des
gaz (21, 28, 29) pour recevoir les gaz sortants (CO,
N, et H,0) refroidis dans le premier moyen échan-
geur de chaleur (7, 9), un moyen (9) pour évaporer
'eau (H,O (1)), un moyen (2) pourfournirde lavapeur
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d’eau (H,O (g)) au premier moyen échangeur de
chaleur (7, 9), et un arbre de réduction (12) relié a
I'unité de réaction (3) pour réaliser une réduction en
plusieurs étapes de la vapeur d’eau (H,0 (g)) afin
d’obtenir un gaz de synthése (S), caractérisé par
une unité de séparation des gaz (23, 24, 25) pour
séparer le gaz de synthése (S) en monoxyde de car-
bone (CO) et hydrogéne (H,) et un moyen (WGS)
pour réaliser une réaction du gaz a 'eau du monoxy-
de de carbone (CO) afin d’obtenir de '’hydrogéne
(H,) et du dioxyde de carbone (CO,).

Equipement selon la revendication 6, caractérisé
en ce que le premier moyen échangeur de chaleur
comprend un premier dispositif régénérateur (7).

Equipement selon I'une quelconque des revendica-
tions 6 et 7, caractérisé en ce que le deuxiéme
moyen échangeur de chaleur est composé d’un
deuxiéme régénérateur (15).

Equipement selon 'une quelconque des revendica-
tions 6 et 7, caractérisé en ce que I'arbre de réduc-
tion (12) comprend au moins deux compartiments
de réduction (13A a 13C).
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