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(54) BIOMASS GASIFICATION ISLAND PROCESS UNDER HIGH TEMPERATURE AND 
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(57) Disclosed is a biomass gasification island proc-
ess under high temperature and atmospheric pressure;
the process comprises: pre-treatment and storage of the
biomass, gasification of the biomass in a gasifier, cooling,
washing and dust extraction of gasified raw gas, and stor-
age of fresh gas. The gasification of the biomass in the
gasifier employs an external heat source to provide heat
and controls the reaction temperature in the gasifier to
be 1300-1750°C; the gasifier employs slag tapping; the
raw gas is cooled by a chilling tower and through sensible
heat recovery by a two-stage waste heat boiler; the
cooled raw gas is subjected to treatment by washing and
electric precipitation; the resulting fresh gas is stored in
a gas holder; the whole gasification island device runs
with a negative pressure or positive pressure of 0-50 KPa.
The present process employs an external heat source
for gasification, thereby improving the quality of raw gas.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for biomass
gasification at a high temperature and an atmospheric
pressure by using an integrated gasification island, and
more particularly to a method for biomass gasification
using the integrated gasification island comprising a bi-
omass pre-treatment and storage unit, a biomass gasi-
fication unit, a crude syngas cooling, washing, and dust
removal unit, and a fresh gas storage unit.

BACKGROUND OF THE INVENTION

[0002] Energy efficiency improvement and energy
conservation are a long-term strategic policy for the de-
velopment of the national economy in China, as well as
a main strategy for energy saving and emission reduc-
tion.
[0003] Compared with fuel combustion, a relatively
backward low-level use pattern, gasified formed from fuel
gasification has largely improved price and extensive ap-
plication. For example, the gasified gas can be synthe-
sized to produce oil, which is of great significance for
solving the shortage of the liquid fuel and protecting the
environment. Meanwhile, the gasified gas is also the raw
material to produce bulk chemicals like methanol, etha-
nol, and acetic acid. In addition, the gasified gas can also
be used in integrated gasification combined cycle power
generation (IGCC), and the power generating efficiency
thereof is increased by 15% compared with power gen-
eration by normal direct combustion. Furthermore, as the
gasified gas has low production costs for extracting hy-
drogen, it is a promising raw material for fuel cells-- an
important source of hydrogen.
[0004] Existing gasification technologies include fixed
bed gasification technology, fluidized bed gasification
technology, and spouted-fluidized bed gasification tech-
nology. The fixed bed imposes high requirements on the
thermal stability, the mechanical strength, and the adhe-
sion of the raw material. It has been proved that by using
the normal fixed bed for biomass gasification, the crude
gas has a relatively high content of tar, and the normal
fixed bed cannot operate stably for a long-term in engi-
neering application and is uneconomic. Although the flu-
idized bed gasification process has broad fuel adaptabil-
ity, the crude gas has high content of CH4, tar, and fly
ash, the conversion efficiency of the effective gas
(CO+H2) is low, and the process for washing and purify-
ing the crude gas is relatively complicate. The spouted-
fluidized bed gasification has high efficiency and is cur-
rently the most advanced gasification technology, how-
ever, it has narrow fuel adaptability, and the breaking of
the biomass fuel costs too much, thereby being difficult
to realize.
[0005] Industrialization of the gasification technology
has been realized in 1950s in abroad. In late twentieth

century, the shortage of oil and gas supply facilitates the
fast development and research on the new gasification
process, and a new generation of gasifiers having broad
coal adaptability, high gasification pressure, high gasifi-
cation efficiency, and pollution-free is developed. Of
them, the most representative are Shell furnace from
Netherlands, Texaco furnace from the USA, and Lurgi
furnace from Germany.
[0006] Biomass gasification technology is a new tech-
nology developed in this century using biomass as the
energy source and developing rapidly. Many researches
on different technologies have been carried out in the
field. In early 1980s, researches on the biomass gasifi-
cation technology has been started, and great develop-
ment has been gained from a single fixed bed gasifier to
the fluidized bed, the circulating fluidized bed, the double
circulating fluidized bed, and the oxidation fluidized bed,
from gasification devices of low caloric value to gasifica-
tion devices of middle caloric value, and from household
gas stoves to industrial drying, centralized gas supply,
and electric power generation systems. However, the
whole level is backward, and the technology is immature
with many technological problems. Even many demon-
stration projects have many problems in technology, for
example, the low content of the effective components in
the gasified gas, high tar content, small scale capacity,
unstable operation, high operating costs, thereby being
difficult to realize the commercial operation.
[0007] A large amount of researches on the biomass
gasification have been conducted in Europe and America
in recent years, for example, the plasma gasification
process, the pyrolysis process, the multi-stage gasifica-
tion process. Pilot test plants of different scales have
been constructed by using these processes, and tech-
nological achievements have been obtained but not yet
utilized in the commercial operation.

SUMMARY OF THE INVENTION

[0008] In view of the above-described problems, it is
one objective of the invention to provide a method for
biomass gasification at a high temperature and an at-
mospheric pressure by using a gasification island. The
method for biomass gasification has high carbon conver-
sion efficiency from the raw material, broad fuel adapta-
bility, very low tar content in the crude syngas, high avail-
ability of the apparatus, compact structure, simple sys-
tem, small investment, stable operation, low operation
cost, and is suitable for large-scale commercial applica-
tion.
[0009] Technical solution of the invention is as follows:
[0010] A method for biomass gasification at a high tem-
perature and an atmospheric pressure by using a gasi-
fication island, the method comprises: pre-treating and
storing biomass, gasifying the biomass in a gasifier, cool-
ing a crude syngas, washing and removing dust from the
crude syngas, and storing fresh syngas. Heat energy for
gasifying the biomass in the gasifier is supplied by an
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external heat source, and a reaction temperature in the
gasifier is controlled between 1300 and 1750°C. The bi-
omass in the gasifier is transformed into the crude syn-
gas, and a slag is removed from the gasifier in a liquid
state. The crude syngas is cooled by a quench tower and
a two-stage waste heat boiler, where sensible heat is
recovered. The crude syngas after cooling is washed and
treated by electric dust precipitation, and the obtained
clean and fresh syngas is stored by a gas storage tank.
The whole gasification island is operated at a negative
pressure or at a positive pressure of between 0 and 50
KPa.
[0011] As an improvement of the invention, the method
for biomass gasification comprises the following steps:

1) breaking the collected biomass, feeding the bio-
mass to the gasifier while providing the external heat
source and an oxidant to the gasifier, controlling an
operating temperature of the gasifier at between
1300 and 1750°C, and allowing the biomass to fully
contact with the oxidant so that desiccation, volatile
matter precipitation, pyrolysis, and gasification reac-
tion occur, respectively, whereby yielding the crude
syngas and an ash;

2) introducing the crude syngas to the quench tower
and the two-stage waste heat boiler to decrease the
temperature of the crude syngas to between 85 and
200°C and to recover the sensible heat; and

3) washing the crude syngas after sensible heat re-
covery and removing the dust therefrom to obtain
the clean and fresh syngas having both a dust con-
tent and a tar content of < 10 mg/Nm3 and a temper-
ature of < 45°C; and transporting the clean and fresh
syngas to the gas storage tank for storage or directly
to a downstream process for use.

[0012] As an improvement of the invention, the exter-
nal heat source is supplied by a plasma torch generator,
a microwave plasma generator, or a laser thermal gen-
erator.
[0013] As an improvement of the invention, in the
whole process from the gasification of the biomass fuel
into the fresh syngas to the forming of the fresh syngas,
the whole apparatus is operated at the negative pressure
or the micro positive pressure of between 0 and 50 KPa.
[0014] Specifically, the gasification island comprises:
a biomass pre-treatment and storage unit, a biomass
feed unit, an external heat source unit, a gasifier unit, a
crude syngas cooling unit, a crude syngas washing unit,
a fresh syngas storage unit, and an ash and wastewater
treatment unit.

1. Biomass pre-treatment and storage unit

[0015] Raw materials (like the biomass and municipal
solid waste) are simply pre-treated in the fuel acquisition

position or the plant, where the raw materials are broken
into particles having a diameter of between 50 and 300
mm. The fuel after the breaking treatment is stored in a
fuel storage room in the plant. Small particles like rice
hulls can be directly used as the fuel of the gasifier without
any treatment and stored in the fuel.
[0016] For the municipal solid waste and industrial
waste, separation is firstly carried out, in which, metal
and paper products therein are recovered and construc-
tion waste like large bricks are separated. The waste after
the separation is broken into particles having the diam-
eter of between 50 and 300 mm and is used as the fuel
of the gasifier and is stored in the biomass fuel storage
room.
[0017] A main device in this method is a crusher.

2. Biomass feed unit

[0018] The biomass feed unit is formed by a biomass
transporting system and a gasifier feeding system.
[0019] The biomass is transported from the fuel stor-
age room to a front hopper of the gasifier via a belt con-
veyor or a scraper conveyor provided with a measuring
device, for decreasing the fugitive dust and the spilled
fuel. A glass steel cover of the transporter is sealed. If
the belt conveyor is employed, a mounting angle of the
transporter is preferably controlled at between 15° and
18°, and a maximum is no larger than 20°.
[0020] The fuel is continuously fed into the gasifier re-
actor by two routes arranged on two sides of the gasifier
for avoiding explosion and intoxication of the crude syn-
gas escaped from the gasifier reactor. The feeding of the
gasifier adopts a screw feeding device comprising a seal-
ing plug, and preferably a two-stage screw feeding device
comprising a sealing plug disclosed in CN202040828U.
Besides, nitrogen sealing protection device and a water
spray protection device are added for ensuring the se-
curity.
[0021] The nitrogen gas has a purity of higher than
99.9% and a pressure of between 0.3 and 0.7 megapas-
cal.
[0022] The spray water employs fire water which is ac-
cessed from a fire pipeline.

3. External heat source unit

[0023] The external heat source is supplied by a plas-
ma torch generator, a microwave plasma generator, or
a laser thermal generator. Such external heat source pro-
vides highly qualified heat source for gasification. Inert
materials are placed in a bottom of the reactor to form a
bed layer. Characteristics of high temperature and high
activity of the plasma are utilized to strengthen the gas-
ification method. A high temperature reaction zone at the
temperature of between 1300 and 1750°C is constructed,
thereby largely improving and facilitating the gasification
method.
[0024] The external heat source unit employs the plas-
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ma torch technology and specifically comprises: a plas-
ma torch body, an arc igniter, a torch medium supply
system, a torch power supply system, and a torch cooling
protector system. A flame outlet of the plasma torch is
connected to the gasifier for supplying heat energy to the
gasifier. The torch power supply system is connected to
a positive electrode and a negative electrode of the torch
for supplying energy to the plasma torch. A circulating
water cooling pipe is connected to cooling pipes of elec-
trodes of the plasma torch for cooling the electrodes and
improving the service life of the electrodes to be longer
than 2000 hr. A torch medium supply pipe is connected
to a medium inlet pipe of the plasma torch, and fourth
state plasma is activated between electrodes of the torch
and enters the gasifier as an activated energy. The arc
igniter is used to start the plasma torch.

4. Gasification unit

[0025] The gasifier is an atmospheric fixed bed gasifi-
er, an operating pressure thereof is between 0 and 50
kPa, and a temperature of a gasification zone is between
1300and 1750°C.A gasification medium is selected from
the group consisting of air, oxygen-enriched air, pure ox-
ygen, water vapor, or a mixture thereof. Because of the
heat energy supplied by external heat source and the
existence of a large amount of plasma having high ac-
tivity, the gasification reaction undergoes at a high reac-
tion velocity and results in a high carbon conversion, ap-
proximately 99.8% above. A temperature of the bottom
of the gasifier is controlled between 1450and 1750°C
whereby realizing the slag removal in the liquid state.
Slag removal from the gasifier adopts continuous slag
removal or intermittent slag removal according to the ash
content. The continuous slag removal is adopted when
the raw material has a high ash content, and the inter-
mittent slag removal is adopted when the raw material
has a low ash content. A temperature of an upper part
of the gasifier is controlled between 800and 1450°C, a
flow velocity of the crude syngas therein is controlled
between 0.5 and 2.0 m/s, so that the retention time of
the crude syngas in the gasifier is prolonged and com-
plete decomposition of hydrocarbons of large molecule
in the crude syngas is ensured. The crude syngas is
eventually introduced out of the gasifier via the upper
part thereof, the flow velocity of the crude syngas at an
outlet of the gasifier is controlled between 8 and 20 m/s,
and the dust content in the crude syngas is < 20 g/Nm3.
[0026] The gasification unit is mainly composed of a
gasifier body and accessories thereof.

5. Crude syngas cooling unit

[0027] The crude syngas is introduced out of the gas-
ifier to the crude syngas cooling unit for recovering the
waste heat.
[0028] The crude syngas cooling unit comprises a wa-
ter cooling or gas cooling or adiabatic pipe, the quench

tower, and the two-stage waste heat boiler.
[0029] The crude syngas is introduced from the gasifier
through the water-cooling pipe to the quench tower,
where the crude syngas is cooled to a temperature of
850°C below by the spray water, a water-cooling bundle,
or a vapor-cooling bundle, and a molten slag carried by
the crude syngas is cured and separated. The crude syn-
gas having the temperature of 850°C below after treated
by the quench tower is transported to a first-stage waste
heat boiler for recovering the waste heat, the temperature
of the crude syngas is decreased to above a condensa-
tion point of a heavy tar so that the heavy tar therein is
prevented from condensation, and the temperature of
the crude syngas is decreased to between 350 and
450°C.A flow velocity of the crude syngas in the first-
stage waste heat boiler is controlled between 7 and 20
m/s. An ash hopper is provided to remove fly ash. The
crude syngas from the first-stage waste heat boiler is
transported to the second-stage waste heat boiler for re-
covering the waste heat. The crude syngas is continued
being cooled and the temperature of the crude syngas
is decreased to between 85 and 200°C, so that the heavy
tar is condensed in the second-stage waste heat boiler
and is collected by a chute. The flow velocity of the crude
syngas in the second-stage waste heat boiler is control-
led between 7 and 20 m/s. The fly ash is discharge by
the ash hopper.
[0030] The crude syngas cooling unit mainly compris-
es: the two-stage waste heat boiler, the quench tower,
the water-cooling bundle, and a circulating water pump.
The first-stage waste heat boiler is the waste heat boiler
of a water-tube type, and the second-stage waste heat
boiler is the waste heat boiler of a heat-tube type.

6. Crude syngas washing unit

[0031] The crude syngas after the heat recovery has
the temperature decreased to between 85 and 200°C
and the dust content of ≤ 20g/Nm3.The crude syngas is
transported a pipe to a scrubbing-cooling tower or a Ven-
turi scrubber for further decreasing the temperature of
the crude syngas and removing the dust therefrom. The
temperature of the crude syngas after washing is de-
creased to between 15 and 55°C and the wash water is
circulated for use. A filter is disposed on a water circu-
lating pipe to remove pollutants carried by the circulating
wash water. Thus, water quality of the circulating water
is prevented from deterioration, and times for pollutant
discharge are decreased. The pollutants are discharged
in time according to the water quality of the circulating
wash water, and fresh circulating water is supplemented.
The circulating water is cooled by a mechanical draft hol-
low cooling tower. A filter residue after curing is returned
to the gasifier as the bed layer or is transported to an ash
library along with the molten slag, thereby realizing a
comprehensive utilization.
[0032] The crude syngas from the scrubbing-cooling
tower or the Venturi scrubber is introduced to a wet elec-
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tric dust collector, where the dust and other impurities in
the crude syngas is removed under the action of a high
voltage electric field produced therein. The fresh syngas
from the wet electric dust collector is transported by a
coal gas booster fan to the gas storage tank or directly
supplied to devices of the subsequent process as a feed
gas.
[0033] The crude syngas washing unit mainly compris-
es: the scrubbing tower, the electric dust collector, the
cooling tower, the filter, the booster fan, and the circulat-
ing water pump.

7. Fresh gas storage unit

[0034] The fresh gas after cooling and washing is
transported by the coal gas booster fan and the pipe to
the gas storage tank of a wet type or a dry type for sup-
plying to subsequent processes.
[0035] The fresh gas storage unit is mainly the gas
storage tank.

8. Ash and wastewater treatment unit

[0036] The ash and slag produced in the biomass gas-
ification island: the molten slag produced in the gasifier
unit and the ash produced in the cooling and the washing
units. The high temperature molten slag produced in the
gasifier is granulated and used as a building material for
comprehensive utilization. The ash from the cooling and
washing units are cured and used as the bed layer of the
gasifier for recycling.
[0037] A slag removing system of the gasifier is com-
posed of a slag removing chute, a slag tank, and an ex-
haust system.
[0038] The ash in the washing unit is filtered from the
circulating wash water by the filter and collected.
[0039] The wastewater produced in the method in-
cludes the wastewater from syngas washing and a con-
densate of the syngas produced in the gas storage tank.
The water in the wastewater from the syngas washing is
primarily brought in by the fuel, enters the washing unit
along with the crude syngas, and is then precipitated in
the washing process.
[0040] The wastewater is transported by the wastewa-
ter pipe to the wastewater treatment device for recycling.
[0041] Compared with the prior art, the method for bi-
omass gasification of the invention has the following ad-
vantages:

1) The plasma torch is utilized to provide the external
heat source for gasification. The slag is discharged
in the liquid state. The gasification reaction has a
high temperature, high gasification velocity, and high
carbon conversion. The quality of the crude gas is
high.

2) The gasification is conducted in the atmospheric
fixed bed. The gasifier body has simple structure,

small investment, and easy operation. Besides, the
feed system, the slag collecting system and the pu-
rification system are simple.

3) The raw material adaptability is broad, and bio-
mass of different kinds, MSW, coal, and slug are
available. Thus, mixed gasification of multi-kind of
raw materials can be realized.

4) Air, oxygen-enriched air, pure oxygen, water va-
por, or a mixture thereof is used as the oxidant.

5) The two-stage waste heat boiler is employed to
recover the sensible heat, so that the overall thermal
efficiency of the coal gas is improved.

6) The gasification island has short flow and small
investment on the devices.

7) The gasification island has short start time and
good regulating property.

8) The gasification island has a mature system, high
localization degree, low system failure rate, and high
availability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

FIG. 1 is a structure diagram of a gasification island
of the invention;

FIG. 2 is a structure diagram of a gasifier in a gasi-
fication island of the invention; and

FIG. 3 is a structure diagram of a cooling unit and a
washing unit for cooing and purifying crude syngas.

[0043] In the drawing, the following reference numbers
are used: 17. Water-cooling flue; 18. Water-cooling
quench tower; 19. Waste heat boiler of water-tube pipe;
20. Waste heat boiler of heat-tube pipe; 21. Scrubbing-
cooling tower; 22. Wet electric dust collector; 23. Coal
gas booster fan; 24. Wet gas tank; and 25. Flare.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0044] A method for biomass gasification at a high tem-
perature and an atmospheric pressure by using a gasi-
fication island is further illustrated combined with specific
embodiments and the drawings.
[0045] As shown in FIG. 1, a method for biomass gas-
ification at a high temperature and an atmospheric pres-
sure is conducted on a gasification island comprising a
pre-treatment and storage unit 1 for treating raw materi-
als, a biomass feed unit 2, an external heat source unit
3, a gasifier unit 4, a cooling unit 5 for cooling crude syn-
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gas, a washing unit 6 for washing the crude syngas, a
storage unit 7 for storing fresh syngas, and a treating unit
8 for treating ash and wastewater. These devices togeth-
er form an efficient gasification island and supply the
fresh syngas to subsequent process of synthesizing bi-
odiesel or integrated gasification combined cycle (IGCC).
[0046] The biomass feeding process utilizes a two-
stage screw feeding technology for feeding the biomass
according to Chinese Patent Application No.
201120140199.x.
[0047] Example: the gasification island employs an at-
mospheric fixed bed gasifier provided with an external
heat source and a two-stage waste heat boiler. Specifi-
cally, the gasification island comprises: the pre-treatment
and storage unit for treating the raw materials, the bio-
mass feed unit, the external heat source unit, the gasifier
unit, the cooling unit for cooling the crude syngas, the
washing unit for washing the crude syngas, the storage
unit for storing the fresh syngas, and the treating unit for
treating the ash and the wastewater.
[0048] The method for the biomass gasification is spe-
cifically performed as follows:

1) biomass fuel is collected and simply broken until
a diameter thereof is decreased to 300 mm below,
the broken biomass is then transported by a belt con-
veyor to the biomass feed unit.

2) Inert materials (such as filter residue after curing)
are added to a bottom of the gasifier by a feeding
device to form a bed layer having a certain thickness.
The gasifier employs an adiabatic insulation or cool-
ing mode.

3) The external heat source unit 3 is started, a tem-
perature of the gasifier is controlled at between 1300
and 1750°C, and a pressure at an outlet of the gas-
ifier is controlled at between 0 and 50 KPa. Mean-
while, an oxidant is sprayed into the gasifier. Melted
matters form in regions of the inert bed layer and a
fuel layer. The high temperature flue gas gasifies the
biomass fuel, so that organics in the fuel is pyrolyzed
into CO and H2,and inorganic ash is melted to form
a molten slag which is then discharged from the inert
bed and out of the gasifier via the bottom thereof.

4) The crude syngas flows upwardly, passes through
an outlet pipe arranged on an upper part of the gas-
ifier, and enters the two-stage waste heat boiler, so
that the temperature of the crude syngas is de-
creased to between 85 and 200°C, and sensible heat
is recovered.

5) The crude syngas enters the washing unit to fur-
ther decrease the temperature thereof to between
15 and 55°C, hazardous substances like the dust
are removed thereform to obtain the fresh syngas
which is transported by a coal gas booster fan to a

gas storage tank for storage or to the downstream
process for use.

6) The ash and the wastewater produced in the gas-
ification method are treated for recycling or for com-
prehensive utilization.

[0049] The external heat source unit is a device that
employs an external heat source generating device to
provide heat energy for gasification of combustibles. The
external heat source generating device is a device that
produces the heat source by electric energy, like a plas-
ma torch generator and a microwave plasma generator,
or by light source, like a laser thermal generator.
[0050] The oxidant is a mixed gas comprising air, ox-
ygen, water vapor, or a mixed gas comprising air and the
water vapor, or a mixed gas comprising oxygen and the
water vapor.
[0051] As shown in FIG. 2,the gasifier unit in the gas-
ification island comprises: a screw feeding device 9 com-
prising a sealing plug, the gasifier 10,superheated steam
12, an air compressor 13, a torch power supply 14, and
the plasma torch 15.An outlet of the screw feeding device
9 is connected to a feed inlet of the gasifier 10.Both a
gas outlet of the air compressor 13 and a superheated
steam pipe are connected to a gasification medium inlet
arranged on a side of a lower part of the gasifier 10.The
broken biomass fuel is continuously fed to the gasifier 10
via the screw feeding device 9.The sealing plug of the
screw feeding device 9 prevents the high temperature
syngas from back flowing and bears certain pressure
fluctuation in the gasifier. The amount of the fuel is reg-
ulated by regulating a rotational speed of the screw feed-
ing device9.
[0052] The gasifier 10 is an upper-draft fixed bed gas-
ifier comprising a crude syngas outlet 11 disposed at a
top thereof, a slag outlet 16 disposed at the bottom there-
of, and the gasification medium inlet disposed at the side
of the lower part thereof beneath the fixed bed. The gas-
ifier is in an adiabatic form, an outer part thereof is a steel
housing, a liner thereof is made of an adiabatic insulating
material, and a surface facing the fire is made of high
chrome bricks, so that the gasifier is capable of bearing
the high temperature as well as bearing corrosion of the
gasification environment. The gasifier 10 is provided with
a molten slag zone, an oxidation zone, a reduction zone,
a pyrolysis zone, and a desiccation zone from bottom to
top. Temperature ranges are correspondingly controlled
according to thermo-chemical characteristics of different
zones, thereby reaching a best reaction effect. For ex-
ample, the temperature ranges are as follows: the molten
slag zone of between 1400 and 1750°C, the oxidation
and reduction zone of between 1000 and 1300°C, and a
clearance zone of the upper part of the gasifier of be-
tween 900 and 1200°C.The crude syngas outlet 11 is an
exit by which the crude syngas is introduced out of the
gasifier. The crude syngas from the gasifier is then cooled
by the waste heat boiler and treated by a scrubbing-cool-
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ing tower for dust removal to form a qualified biomass
syngas. The biomass syngas after the above treatments
has a caloric value of approximately between 12 and 15
MJ/Nm3, belonging to a medium caloric value, and can
be used as a fuel supplied to a gas turbine for power
generation.
[0053] The air compressor 13 supplies air to the gas-
ifier and air is used as a carrier of the heat energy output
by the plasma torch 15.Air entering the gasifier together
with the water vapor from the steam pipe 12 are used as
the gasification medium for the biomass gasification, par-
ticipate in the oxidation-reduction reaction, and regulate
the temperature of the gasifier 2 to a certain degree.
[0054] The torch power supply 14 supplies electric
power to the plasma torch 15 so that the current and the
output power of the plasma torch is controlled and reg-
ulated.
[0055] As the external heat source for the reactions in
the gasifier, the plasma torch 15 also maintains the high
temperature in the gasifier, thereby ensuring an environ-
ment for discharge the slag in the liquid state. An outlet
of the plasma torch 15, a gas outlet of the air compressor
13, and the superheated steam pipe are all connected
to the gasification medium inlet. An outlet pipe of the air
compressor 13 surrounds the outlet of the plasma torch
15, and the steam pipe surrounds the outlet pipe of the
air compressor 13.Air is introduced from a position be-
tween two electrodes and from an outer ring of the plasma
torch in a linear flow. The water vapor enters the gasifier
in a rotational flow in an outermost jacket. The rotational
flow enters the gasifier and increases the disturbance,
thereby enhancing the gasification method. The amount
of air introduced into the gasifier is determined by the
quantity of the heat energy from the plasma torch to be
carried. During work, combining with the loading situation
of the gasifier 10,the content and the caloric value of the
syngas can be regulated to a certain degree by regulating
the power of the torch and the flow rate of air and the
steam, thereby optimizing the gasification method.
[0056] The cooling and washing process are shown in
FIG. 3. The crude syngas produced in the high temper-
ature biomass fixed bed has the temperature of between
1000 and 1200°C, a dust content of 20 g/Nm3 below, and
a tar content of 3 g/Nm3 below. In reference to the cooling
and purification process of coal gas and coke oven gas.
A purification process for the crude syngas is as follows:
connecting the crude syngas via a high-temperature wa-
ter-cooling flue, spraying water into a water-cooling
quench tower to partially condensate the slag, recovering
waste heat in a waste heat boiler of a water-tube type
and a heat-tube pipe at two different pressures, condens-
ing the heavy tar at the waste heat boiler of the heat-tube
pipe, washing the syngas in a packed column for de-
creasing for decreasing the temperature and removing
dust, further removing the dust and tar mist in a wet elec-
tric dust collector, and extracting the syngas by a coal
gas booster fan, and transporting the syngas to a wet
gas tank for storage. Process parameters are set and

controlled. Thus, the syngas is cooled in two stages, the
waste heat is gradually recovered, and dust removal and
tar removal are gradually realized. The syngas after the
cooling and the purification has both the dust content and
the tar content of <10 mg/Nm3, a temperature of <45°C,
and a sensible heat recovery of higher than 80%.
[0057] Both the high-temperature water-cooling flue
and the water-cooling quench tower adopt membrane
water-cooling pipe structures, thereby decreasing the
weight thereof, avoiding a problem of abscission of fire-
proof materials, and improving the operation reliability.
The high-temperature water-cooling flue, the water-cool-
ing quench tower, and the waste heat boiler are in series
connection to form a water circulating system, so that the
water cooling problem of the circulating water is solved,
and a full recovery of the heat energy is realized.
[0058] Water is sprayed into the high-temperature syn-
gas in the water-cooling quench tower for decreasing the
temperature of the syngas to 800°C and condensing the
slag in the syngas; and the slag is discharged from a
tower bottom. Thus, heating surfaces of the waste heat
boilers are prevented from slag pollution, and stability of
heat exchange performance of the waste heat boilers is
ensured.
[0059] The waste heat boiler includes a high temper-
ature section and a lower temperature section. The tem-
perature of the syngas at the outlet of the high tempera-
ture section of the waste heat boiler is between 350and
450°C, which is higher than a condensation point of the
heavy tar, thereby avoiding the condensation of the tar.
The high temperature section employs the waste heat
boiler of the water-tube type. A design pressure in the
waste heat boiler of the water-tube type is equal to or
larger than 1.6 megapascal, thereby improving the tem-
perature quality of the vapor and satisfying requirements
of corresponding chemical vapor. A temperature of the
syngas at the outlet of low temperature section of the
waste heat boiler is controlled at less than 200°C to con-
dense the heavy tar in this section and to collect the heavy
tar by the chute. The low temperature section employs
the waste heat boiler of the heat-tube type for improving
the heat exchange effect. A design pressure in the waste
heat boiler of the heat-tube type is 0.5 megapascal, and
the low pressure vapor produced therein is supplied to
the wet electric dust collector for sweeping.
[0060] The biomass syngas has both relatively low
dust content and tar content. The preliminary dust re-
moval adopts a filler type scrubbing-cooling tower rather
than a cyclone dust collector or a Venturi dust collector.
Not only are purposes of dust removal and temperature
decrease are realized, but also harmful gases, including
H2S, NH3, and HCN, are removed by washing. Further-
more, the system resistance is decreased, and the elec-
tric consumption of the fan is saved.
[0061] The wet electric dust collector is configured in
the rear part of the process flow for ensuring control tar-
gets of the dust removal and the tar removal.
[0062] While particular embodiments of the invention
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have been shown and described, it will be obvious to
those skilled in the art that changes and modifications
may be made without departing from the invention in its
broader aspects, and therefore, the aim in the appended
claims is to cover all such changes and modifications as
fall within the true spirit and scope of the invention.

Claims

1. A method for biomass gasification at a high temper-
ature and an atmospheric pressure by using a gas-
ification island, the method comprising: pre-treating
and storing biomass, gasifying the biomass in a gas-
ifier, cooling a crude syngas, washing and removing
dust from the crude syngas, and storing fresh syn-
gas;
characterized in that
heat energy for gasifying the biomass in the gasifier
is supplied by an external heat source, a reaction
temperature in the gasifier is controlled between
1300 and 1750°C, the biomass in the gasifier is trans-
formed into the crude syngas, and a slag is removed
from the gasifier in a liquid state;
the crude syngas is cooled by a quench tower and
a two-stage waste heat boiler, where a sensible heat
is recovered;
the crude syngas after cooling is washed and treated
by electric dust precipitation, and the obtained clean
and fresh syngas is stored by a gas storage tank; and
the whole gasification island is operated at a nega-
tive pressure or at a positive pressure of between 0
and 50 KPa.

2. The method of claim 1, characterized in that the
method comprises the following steps:

1) breaking the collected biomass, feeding the
biomass to the gasifier while providing the ex-
ternal heat source and an oxidant to the gasifier,
controlling an operating temperature of the gas-
ifier at between 1300 and 1750°C, allowing the
biomass to fully contact with the oxidant so that
desiccation, volatile matter precipitation, pyrol-
ysis, and gasification reaction occur, respective-
ly, whereby yielding the crude syngas and an
ash;
2) introducing the crude syngas to the quench
tower and the two-stage waste heat boiler to de-
crease the temperature of the crude syngas to
between 85 and 200°C and to recover the sen-
sible heat; and
3) washing the crude syngas after sensible heat
recovery and removing the dust therefrom to ob-
tain the clean and fresh syngas having both a
dust content and a tar content of < 10 mg/Nm3

and a temperature of < 45°C; and transporting
the clean and fresh syngas to the gas storage

tank for storage or directly to a downstream
process for use.

3. The method of claim 2, characterized in that in step
1), the external heat source is supplied by a plasma
torch generator, a microwave plasma generator, or
a laser thermal generator.

4. The method of claim 1 or 2, characterized in that
the gasifier is an atmospheric fixed bed gasifier, an
operating pressure thereof is between 0 and 50 kPa,
and a temperature of a gasification zone is between
1300 and 1750°C;
a gasification medium is selected from the group
consisting of air, oxygen-enriched air, pure oxygen,
water vapor, or a mixture thereof;
a temperature of a bottom of the gasifier is controlled
between 1450and 1750°C whereby realizing the
slag removal in the liquid state;
slag removal from the gasifier adopts continuous
slag removal or intermittent slag removal, the con-
tinuous slag removal is adopted when the raw ma-
terial has a high ash content, and the intermittent
slag removal is adopted when the raw material has
a low ash content;
a temperature of an upper part of the gasifier is con-
trolled between 800and 1450°C, a flow velocity of
the crude syngas therein is controlled between 0.5
and 2.0 m/s; and
the crude syngas is introduced out of the gasifier via
the upper part thereof, the flow velocity of the crude
syngas at an outlet of the gasifier is controlled be-
tween 8 and 20 m/s, and the dust content in the crude
syngas is <20 g/Nm3.

5. The method of claim 1 or 2, characterized in that
the crude syngas is cooled as follows:

the crude syngas is introduced from the gasifier
through a water-cooling pipe to the quench tow-
er, where the crude syngas is cooled to a tem-
perature of 850°C below by spray water, a water-
cooling bundle, or a vapor-cooling bundle, and
a molten slag carried by the crude syngas is
cured and separated;
the crude syngas having the temperature of
850°C below after treated by the quench tower
is transported to a first-stage waste heat boiler
for recovering waste heat, the temperature of
the crude syngas is decreased to above a con-
densation point of a heavy tar, and a flow velocity
of the crude syngas in the first-stage waste heat
boiler is controlled between 7 and 20 m/s; and
the crude syngas from the first-stage waste heat
boiler is transported to the second-stage waste
heat boiler for recovering the waste heat, the
crude syngas is continued being cooled and the
temperature of the crude syngas is decreased
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to between 85 and 200°C, and the flow velocity
of the crude syngas in the second-stage waste
heat boiler is controlled between 7 and 20 m/s.

6. The method of claim 5, characterized in that the
crude syngas enters the first-stage waste heat boiler
for recovering the waste heat, and the temperature
of the crude syngas is decrease to between 350 and
450°C.

7. The method of claim 1 or 2, characterized in that
the crude syngas is washed as follows:

the crude syngas after the heat recovery having
the dust content of ≤ 20g/Nm3 is transported
through a pipe to a scrubbing-cooling tower or
a Venturi scrubber for further decreasing the
temperature of the crude syngas and removing
the dust therefrom; the temperature of the crude
syngas after washing is decreased to between
15 and 55°C and the wash water is circulated
for use;
a filter is disposed on a water circulating pipe to
remove pollutants carried by the circulating
washwater; pollutants are discharged in time ac-
cording to water quality of the circulating wash
water, and fresh circulating water is supplement-
ed;
the circulating water is cooled by a mechanical
draft hollow cooling tower; and
a filter residue after curing is returned to the gas-
ifier as a bed layer or is transported to an ash
library along with the molten slag, thereby real-
izing a comprehensive utilization.

8. The method of claim 1 or 2, characterized in that
the dust removal of the crude syngas is conducted
as follows:

the crude syngas from the scrubbing-cooling
tower or the Venturi scrubber is introduced to a
wet electric dust collector, where the dust and
other impurities in the crude syngas is removed
under the action of a high voltage electric field
produced therein; and
the fresh syngas from the wet electric dust col-
lector is transported by a coal gas booster fan
to the gas storage tank or directly supplied to
devices of the subsequent process as a feed
gas.

9. The method of claim 1 or 2, characterized in that
the high temperature molten slag produced in the
gasifier is granulated and used as a building material
for comprehensive utilization; and
the ash from the cooling and washing units are cured
and used as a bed layer of the gasifier for recycling.
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