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(57)  The invention refers to a process for under-
ground gasification of coal whereby coal in a non-mined
coal seam is converted to a product gas by in-situ gasi-
fication with an oxidant, whereby the oxidant is injected
through at least one injection well and whereby the prod-
uct gas is lifted through at least one production well, char-
acterised in that the oxidant is pressed out of the essen-

tially vertical injection well into the coal seam under pres-
sure in a positioned and directed manner under pressure
and whereby the oxidant is pressed out of the vertical
injection well into the coal seam via atleast one horizontal
outlet means in the wall of the vertical injection well.
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Description

[0001] The invention is related to a process for under-
ground gasification of coal whereby coal in non-mined
coal seam is converted to a product gas by in-situ gasi-
fication with an oxidant, whereby the oxidant is injected
through at least one injection well and whereby the prod-
uct gas is lifted through at least one production well.
[0002] Within the scope of this application an injection
wellis a vertical pipe in the ground into which water, other
liquids, or gases are pumped or allowed to flow. Corre-
spondingly a production well is a vertical pipe in the
ground through which product gases or liquids are lifted
to the surface.

[0003] Underground coal gasification converts coal to
gas while still in the coal seam (in-situ). Gas is produced
and extracted through wells drilled into the unmined coal-
seam. Injection wells are used to supply the oxidants (air,
oxygen) to ignite and fuel the underground combustion
process. Separate production wells are used to bring the
product gas to surface. The high pressure combustion is
conducted attemperature of 700-900 °C, but it may reach
up to 1500 °C.

[0004] The process decomposes coal and generates
carbon dioxide (CO,), hydrogen (H,), carbon monoxide
(CO) and small quantities of methane (CH,4) and hydro-
gen sulfide(H,S) plus traces, as AsHs. As the coal face
burns and the immediate area is depleted, the oxidants
injected are controlled by the operator.

[0005] As coal varies considerably in its resistance to
flow, depending on its age, composition and geological
history, the natural permeability of the coal to transport
the gas is generally not adequate. For high pressure
break-up of the coal, hydro-fracturing, electric-linkage,
fracking with CO, and reverse combustion may be used
in varying degrees.

[0006] A process for underground gasification of coal
is disclosed in EP0155598. According to EP0155598 one
or more gasification means for the gasification reaction
with coal and ignition means for activating it are fed to
the coal seam through a pipeline arranged in a bore ex-
tending from the earth’s surface down to the coal seam.
After ignition of the exothermic gasification reaction, the
pipeline, with its mouth, is subsequently fed into the re-
cess inthe seam produced by burning, and in the process
additional water is fed for cooling the mouth of the pipe.
With the advance of a boring flame causing the burning
and to reduce the gasification temperature through en-
dothermic partial reaction, a burning channel develops,
the gasification products, which form being passed to the
surface through the annular space between bore and
pipeline.

[0007] According to EP0155598 a pipeline is intro-
duced in a bore. At least the lower end of the pipeline is
flexible and there are means for changing the direction
of the pipeline from vertical orientation to more or less
horizontal orientation. This leads to a more or less hori-
zontal fed of the gasification means e.g. the oxidant. Ac-
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cording to this state of the art the pipeline is fed into the
recess or space in the seam produced by the gasification
itself.

[0008] The presentinvention is thus based on the ob-
ject of embodying a process for underground gasification
of a coal seam of the afore-mentioned type in such a
manner that the needed amount of the oxidant is reduced
without the requirement of flexible pipelines or other re-
directing means.

[0009] The instant object is solved by a process for
underground gasification of a coal seam with the features
as listed in claim 1. Advantageous embodiments of the
invention are listed in the dependent claims of the present
application.

[0010] According to the present invention the oxidant
is pressed out of the vertical injection well into the coal
seam under pressure in a positioned and directed man-
ner under pressure and the oxidant is pressed out of the
vertical injection well into the coal seam via at least one
horizontal outlet means in the wall of the vertical injection
well.

[0011] The basic idea of the invention is the use of
simple outlet means in or at the wall of the vertical injec-
tion well to introduce the oxidant in a directed and posi-
tioned manner into the coal seam. The directed and po-
sitioned injection of the oxidant according to the invention
creates a rather finger-shaped expansion front of the ox-
idant. Such outlet means could be simple openings or
any other kind of means which are suitable for a more or
less horizontal injection of the oxidant into the coal seam.
The simplest possibility for ensuring a positioned press-
in in terms of the invention are one-sided holes in the
injection well, that is, the injection well encompasses
holes for the oxidant escape, which are only distributed
across a part of the periphery, maximally across half of
the periphery.

[0012] The oxidant is not equally distributed around
the injection well. The oxidant is pressed out of the injec-
tion well in a defined directed and positioned manner.
Therefore the needed amount of oxidant could be mini-
mised. Only as much oxidant as needed for the gasifica-
tion is injected. Thereby the injected amount of oxidant
could be controlled precisely and adjusted to the need
at the burning front of the combustion which reduces the
risk of a stoichiometric combustion rather than a gasifi-
cation of the coal. In general it is necessary to inject as
little oxidant as possible to prevent smouldering fires.
Once such fire is started it usually is very difficult to ex-
tinguish it again. Additional a reduced amount of injected
oxidant leads to reduced cost and therefore to improved
economy for the underground gasification of the coal
seam. Furthermore the resulting product gas of the gas-
ification is less diluted with unwanted gas resulting from
a substoichiometric combustion, e.g. the oxidant itself.
Thereby the suitability of the product gas for following
gas to liquid product steps is improved and the number
of needed purification stages reduced.

[0013] Due to the directed and positioned injection of
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the oxidant according to the invention the size of the burn-
ing front of the combustion in the coal seam is reduced.
This allows to control better how intensively the gasifica-
tion front burns, how much gas is produced and how
much unwanted carbon dioxide is formed relative to the
wanted products, carbon monoxide and hydrogen. Ad-
ditionally the process according to the invention allows
to control how much heat is generated and thus to ensure
that really only the wanted fire burns and not unwanted
by-products are generated.

[0014] Within the scope of this invention, an escape of
the oxidant in a positioned manner refers to the flow of
the largest part of the oxidant along a preferred axis. Con-
trary thereto, an escape, in the case of which the oxidant
quantity flows in a solid angle of 360° so as to be uniformly
distributed, that is, when it flows out of the injection well
in all directions of space in a uniform manner, is an un-
directed escape. In the case of an escape in a directed
and positioned manner in terms of the invention, the fluid
immediately around the segment of the injection well from
which the fluid escapes is not uniformly distributed in an
imaginary cone volume, but mainly within a certain solid
angle of 180° at most. In the case of such an escape in
a positioned manner, the flowing fluid is limited at least
within a hemispherical segment, but for the most part
within a cone segment within an imaginary sphere vol-
ume around the injection well.

[0015] Advantageously air or gaseous oxygen or a
mixture of gaseous oxygen with an inert gas, preferably
carbon dioxide, is used as oxidant. Depending on the
concrete requirements of the coal seam, for instance ge-
ological or historical composition or natural permeability
and so on, the use of the different oxidants would be
more or less advantageous. Airis a cheap and easy avail-
able oxidant. The use of gaseous oxygen as oxidant
would lead to a drastic reduction of the absolute amount
ofinjected oxidant compared to air. Carbon dioxide would
advantageously participate in the reaction and could
have a positive effect on the formation of more wanted
product gas/ synthesis gas. Such an effect is known from
steam methane reforming, where a carbon dioxide injec-
tion has been applied to get improved carbon utilization.
[0016] In an embodiment of the invention the oxidant
is pressed out of the injection well into the coal seam via
at least one horizontal outlet means carried out as injec-
tion nozzle. Injection nozzles are means, which have
been well-proven in the state of the art, for establishing
a fluid flow in a positioned manner.

[0017] Advantageously the pressing into the surround-
ings of the injection well is mainly carried out within a
solid angle of 90°, preferably of 45°, particularly prefer-
ably between 10° and 30°. The smaller the solid angle,
which is formed by the escaping oxidant, the better the
directive efficiency of the oxidant. Accordingly, much
more oxidant can be introduced along a certain chosen
direction in the coal seam than in the case of a spherical
uniform distribution. Vice versa, considerably less oxi-
dant is consumed for the same effect along a certain
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direction of space

[0018] According to an embodiment of the invention
the direction of escape of the oxidant, preferably the an-
gle between main axis injection well and direction of es-
cape, is changed chronologically, preferably step by step.
The geological factors, where the greatest desired effect
is attained by means of the oxidant supply, can be as-
certained particularly quickly by means of a step by step
variation of the angle between main axis of the injection
well and fluid escape. It is thus furthermore possible to
press the oxidant from one injection point into the entire
coal seam. The entire coal seam can thus be gasified
with little effort. The number of boreholes can be reduced
as compared to a method according to the state of the
art. The angle is thereby preferably changed by control-
ling the orientation of the free moving nozzle.

[0019] Advantageously the direction of escape of the
oxidant is oriented on the structure of the rock in the sur-
roundings, that it preferably does not deviate more than
45° from the rock structure and that it is particularly pref-
erably oriented parallel to the rock structure.

[0020] Preferably the oxidantis pressedin a positioned
manner via two different injection wells, wherein the
press-in direction of the oxidant of the first injection well
encompasses an angle to the press-in direction of the
oxidant of the second injection well. In this embodiment
of the invention, with a suitable angle, it is possible to
press the burning front, which is driven in a direction be-
tween the production well and the second injection well
by pressing in the oxidant via the first injection well, in
the direction of the production well by pressing oxidant
via the second injection well in a positioned manner.
[0021] Advantageously the oxidant is pressed into the
coal seam via a first injection well and via a second in-
jection well, wherein the second injection well is not lo-
cated on the connecting line between the first injection
well and the production well, and the oxidant is pressed
out of the second injection well in a positioned manner
such that the product gas resulting from the underground
gasification process is displaced in the direction of the
production well.

[0022] Thereby it is preferred that the angle between
press-in direction of the oxidant out of the first injection
well and the connecting line between first injection well
and production well is changed in such a manner that
the angle area between the connecting line of first injec-
tion well and production well and the connecting line of
first injection well and second injection well is passed
successively. In this embodiment of the invention, all of
the coal in a triangle, which is formed by the three lines,
e.g. the two injection wells and the production well, can
be gasified in a specific manner by means of two lines
for pressing in oxidant in a positioned manner and by
means of one production well. By pressing in the oxidant
out of the second injection well, the first oxidant flow is
diverted in such a manner that the burning front is always
pressed in the direction of the conveyor line from each
point within the triangle. Pressing in the oxidant out of
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the first injection well in an arbitrary angle between the
connecting lines between first injection well and produc-
tion well or between first injection well and second injec-
tion well, respectively, drives the burning front and there-
fore the product of the gasification away from the first
injection well and quasi past the production well. Due to
the superimposed press-in of oxidant out of the second
injection well, this deviation, however, is again corrected
in the direction of the production well.

[0023] According to another embodiment of the inven-
tion the oxidant is pressed out in succeeding pulses.
[0024] Preferably the time lag between two injection
pulses is not shorter than a single pulse length. Rather
it is preferably one to ten times the pulse length.

[0025] According to another embodiment of the inven-
tion the oxidant is pressed out from more than one injec-
tion well in a positioned manner, wherein pulse length,
pulse distance and/or start of the injection in the case of
at least one injection well is/are different from pulse
length, pulse distance and/or start of the injection in the
case of at least one other injection well.

[0026] Advantageously the quantities of induced oxi-
dant from at least two injection wells are adjusted in such
a manner that the induced oxidant from a first injection
well is diverted in the direction of the production well by
means of the quantity of the injected oxidant from at least
a second injection well.

[0027] Preferably the period required by the gas to cov-
er half the distance between the injection well and the
production well is chosen as minimal pulse length.

Claims

1. Process for underground gasification of coal where-
by coal in a non-mined coal seam is converted to a
product gas by in-situ gasification with an oxidant,
whereby the oxidant is injected through at least one
injection well and whereby the product gas is lifted
through at least one production well, characterised
in that the oxidant is pressed out of the essentially
vertical injection well into the coal seam under pres-
sure in a positioned and directed manner under pres-
sure and whereby the oxidant is pressed out of the
vertical injection well into the coal seam via at least
one horizontal outlet means in the wall of the vertical
injection well.

2. Processaccording to claim 1, characterised in that
air or gaseous oxygen or a mixture of gaseous oxy-
gen with an inert gas, preferably carbon dioxide, is
used as oxidant.

3. Process according to claim 1 or 2, characterised in
that the oxidant is pressed out of the injection well
into the coal seam via at least one horizontal outlet
means designed as injection nozzle.
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4.

10.

11.

Process according to any of the claims 1 to 3, char-
acterised in that pressing into the surroundings of
the injection well is mainly carried out within a solid
angle of 90°, preferably of 45°, particularly preferably
between 10° and 30°.

Process according to any of the claims 1 to 4, char-
acterised in that the direction of escape of the ox-
idant, preferably the angle between main axes of the
injection well and direction of escape, is changed
chronologically, preferably step by step.

Process according to any of the claims 1 to 5, char-
acterised in that the direction of escape of the ox-
idant is oriented on the structure of the coal seam in
the surroundings, that it preferably does not deviate
more than 45° from the coal seam structure and that
it is particularly preferably oriented parallel to the
rock structure.

Process according to any of the claims 1 to 6, char-
acterized in that the oxidant is pressed in a posi-
tioned manner via two different injection wells,
wherein the press-in direction of the oxidant of the
first injection well encompasses an angle to the
press-in direction of the oxidant of the second injec-
tion well.

Process according to claim 7, characterized in that
oxidant is pressed into the coal seam via a first in-
jection well and via a second injection well, wherein
the second injection well is not located on the con-
necting line between the first injection well and the
production well, and the oxidant is pressed out of the
second injection well in a positioned manner such
that the product gas resulting from the underground
gasification process is displaced in the direction of
the production well.

Process according to any of the claims 7 to 8, char-
acterised in that the angle between press-in direc-
tion of the oxidant out of the first injection well and
the connecting line between first injection well and
production well is changed in such a manner that the
angle area between the connecting line of first injec-
tion well and production well and the connecting line
of first injection well and second injection well is
passed successively.

Process according to any of the claims 1 to 9, char-
acterised in that the oxidant is pressed out in suc-
ceeding pulses.

Process according to any of the claims 1 to 10, char-
acterised in that the time lag between two injection
pulses is not shorter than a single pulse length, pref-
erably one to ten times the length of a single pulse.
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12. Process according to any of the claims 1to 11, char-
acterised in that the oxidant is pressed out from
more than one injection well in a positioned manner,
wherein pulse length, pulse distance and/or start of
the injection in the case of at least one injection well 5
is/are different from pulse length, pulse distance
and/or start of the injection in the case of at least one
other injection well.

13. Process according to any of the claims 1to 12, char- 70

acterised in that the quantities of induced oxidant

from at least two injection wells are adjusted in such

a manner that the induced oxidant from a first injec-

tion well is diverted in the direction of the production

well by means of the quantity of the injected oxidant 75

from at least a second injection well.
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