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(57) Abrege/Abstract:

The Invention relates to a method for extracting methane from methane hydrates, comprising the following steps: feeding carbon
dioxide to the methane hydrate deposits; allowing the carbon dioxide to take effect on the methane hydrate to release methane and
store the carbon dioxide as carbon dioxide hydrate; and removing the released methane, characterised Iin that the fed carbon
dioxide Is supercritical carbon dioxide.
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ABSTRACT

The invention relates to a method for extracting methane from methane hydrates, comprising
the following steps. feeding carbon dioxide to the methane hydrate deposits; allowing the
carbon dioxide to take effect on the methane hydrate to release methane and store the carbon
dioxide as carbon dioxide hydrate; and removing the released methane, characterised in that

the fed carbon dioxide is supercritical carbon dioxide.
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Method for producing natural gas from hydrocarbon hydrates while simultaneously storing
carbon dioxide in geological formations

The invention relates to a method for producing methane stored in gas hydrates while at the

same time storing carbon dioxide (CO-) in the geological subsoil.

Huge amounts of natural gas are stored in the sea bed as solid, ice-like methane hydrate.
These natural deposits probably contain more energy and carbon (app. 3000 Gt C) than all
conventional coal, oil and gas deposits on our planet. Therefore the gas hydrates play an
important role as natural-gas source of the future. Methane hydrates were confirmed on
almost all continental shelves at a depth in the water below approximately 400m. They are
stable only at high pressures and low temperatures. They occur where enough organic
carbon was embedded into the sediment and the pressure and temperature conditions permit
the fixation of methane in methane hydrates. Many coastal states have large national
dcposits (for example China, India, Japan, South Korea, Brazil, Chile, the US, Canada,
Norway, Russia). On top of this methane hydrates were detected on land below thick

permafrost deposits. These hydrate deposits are known above all from Siberia, Canada and
Alaska.

Fig. 1 shows the phase diagram of methane in sea water. The methane hydrates are only
stable at high pressures and low temperatures. The phase boundary between hydrate and gas

applies for pure methane hydrate of the lattice type I and for sea water having a salt content
of 35% by weight.

The phase boundaries applies for pure methane hydrate having the lattice type 1. Methane

hydrates exist in different lattice types. Type 1 is the most common and the most widely

existing variant

Fig. 2 shows a methane hydrate cluster of the lattice type I; in this type, there 1s on average

one methane molecule for 5.7 water molecules. The methane molecules are represented by
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big spheres, while the small spheres connected by black lines represent the hydrate lattice

that is made up of water molecules.

At the present time, methane hydrate deposits are developed all over the world to produce
natural gas. To extract natural gas, the hydrates at first have to be broken down in the
geological subsoil, In the process, the methane that is fixated in the water cages of the
hydrates 1s released as gas that can be extracted by means of one or more boreholes using
conventional technology. At present, it is essentially the following different approaches that

are pursued:

— the pressure in the deposit is lowered;
— the temperature in the deposit is increased;

— chemical substances are added to decompose the hydrates.

US 7,222,673 discloses to replace methane from the gas hydrates for carbon dioxide (CO,)
without destroying the hydrate structure. In the process, the hydrates are brought into contact
with liquid CO,. The reaction takes place without energy being supplied externally since the
CO; hydrates that are formed are more stable than the natural methane hydrates. This type of
extracting natural gas has the added advantage that at the same time CO; that is also
responsible for heating up the Earth as a climate-relevant greenhouse gas can be safely
stored underground and thus be removed from the atmosphere. A disadvantage of this
method 1s the low speed of the substitution reaction while maintaining the hydrate structure,

which only allows very low production rates.

WO02005/076904 describes a method for storing CO; under the sea bed by introducing
gaseous CO; into methane hydrate fields. CO; hydrate is formed, the heat that is released
leads to the dissociation of the methane hydrate and to the release of the methane. It is
planned to collect and use the methane gas that has been released. The high content of

gaseous CO; is a disadvantage when using the methane gas that has been released for
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generating energy by combustion. The production rates that are possible are likewise low
since the release of the methane from the methane hydrate is only possible with the aid of
the heat that is released by the CO; hydrate formation.

It is therefore the object of the invention to create a method for extracting carbon hydrates,
in particular methane, from the hydrates at production rates that are higher than previously

possible, and at the same time to store CO; in geological formations.

For extracting natural gas and for storing CO; in the subsolil, it is proposed to inject
supercritical CO, into the hydrate deposits. In the process, the methane hydrates are broken
down thermally and chemically at a high speed and in a large range arouad the injection

bore, so that high natural gas production rates can be achieved.

Fig. 3 shows the phase diagram of CO; in sea water as a function of the pressure and the
temperature. The phase limit between hydrate and liquid CO; applies for pure CO; hydrate
having the lattice type I and for sea water having a salt content of 35% by weight. The
critical CO; point is at 7.4MPa and 31.48°C. At higher temperatures and pressures, CO; 13
transferred into the so-called supercritical phase. The special thing about this phase is that
there are no abrupt transitions and energy barriers between the gaseous and liquid state; it
can no longer be discriminated between the gas and liquid phases. Supercritical CO; is
difterent from liquid or gaseous CQO;. It consists of CO; clusters that are interconnected only

loosely. It exhibits very special attributes that are particularly favourable for producing
natural gas from hydrates.

Supercnitical CO,; reacts very willingly and fast with the methane hydrates since the methane
hydrates are broken down both thermally and chemicaily. At temperatures above 31.48°C,
the methane hydrates are unstable and are thus melted by the supercritical CO;. The thermal
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break down of the methane hydrate takes place at a much higher speed than the slow
exchange of gas molecules, while the hydrate structure is being maintained. At the same
time, the water cages are attacked by the chemical reaction with the CO; clusters and broken
down. Because of the thermal and chemical energies that act simultaneously, the release of
natural gas from methane hydrate with supercnitical CO, takes place faster than with liquid

or gaseous CO, or with warm water of the same temperature.

The injected supercritical CO, fluid exhibits a low viscosity and a high mobility. Therefore
the heat can propagate fast in the subsoil by fast convection of the low-viscous supercritical
CO; in the pore space so that the methane hydrates are melted in a large area around the
injection borehole. Due to the flow properties of supercritical CO,, the inventive release of
natural gas from methane hydrate proceeds considerably more effectively than when warm
water of the same temperature 1s used, since at the same temperature, supercritical CO; has a

markedly lower viscosity and higher propagation speed than warm water.

An additional advantage of the method that has been proposed lies in the fact that no or only
httle CO,, hydrate is produced in the vicinity of the injection borehole on account of the local

temperature increase, thus avoiding a clogging of the feed pipes and the pore space.

In the method that has been proposed, furthermore the pore space and the remaining

formation water are saturated with CO, so that the reverse reaction, 1.e. the formation of

methane hydrate from the natural gas that has been released, is avoided.

Using the method that has been proposed, natural gas production rates can be achieved that
are attractive economically. In this way, further methods for breaking down the methane
hydrates, such as the injection of warm water, lowering the pressure, or adding chemical

substances, can be dispensed with.
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The supercritical CO; remains in the subsoil. It will cool down slowly over the course of

time and ﬁnally convert into CO», hydrate.

According to the invention, the methane hydrate is initially melted and decomposed, the
CO,, hydrate is formed at a later point in time, after the production of natural gas has been

terminated partially or completely and the heat has left the reservoir by conduction.

The method can be realised in different variants. For example it is possible to introduce the
supercritical CO; into the deposit using a separate injection borehole. For this purpose, the
borehole has to be insulated thermally to minimise the heat loss between the drilling
platform and the deposit. The methane gas that has been released can be extracted via a
separate borehole. It is also possible to carry out the CO; injection and the natural gas
extraction by one and the same borehole. Furthermore, also horizontal drilling can be carried

out or hydro fracturing methods can be used to increase the permeability of the hydrate-

containing sediment layers.
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CLAIMS

1. A method for extracting methane from methane hydrates, comprising the

following steps:

— feeding carbon dioxide to the methane hydrate deposits;
— allowing the carbon dioxide to take effect on the methane hydrate

while releasing methane and storing the carbon dioxide as carbon

dioxide hydrate;

— removing the released methane,

wherein the fed carbon dioxide is supercritical carbon dioxide.

2. The method according to Claim 1, wherein the supercritical carbon dioxide

breaks down the methane hydrates.

3. The method according to Claim 2, wherein the fed supercritical carbon

dioxide is at a pressure of more than 7.4MPa and is kept at a temperature of
more than 31.48 °C.

4, The method according to any one of Claims 1-3, wherein the supercritical

carbon dioxide is fed to natural methane hydrate deposits.

5. The method according to Claim 4, wherein the natural methane hydrate

deposits are submerged.
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The method according to any one of Claims 1-5, wherein the supercritical

carbon dioxide is fed to the methane hydrate deposits in thermally insulated

pipes.

The method according to any one of Claims 1-6, wherein the supercritical

carbon dioxide is injected into the methane hydrate deposit.



Pressure (MPa)

D
-

W
Q

N
-

—
-

CA 02754356 2011-07-28

1/3

Hydrate

Gas

10 20 30
Temperature(°C)




g VW 3
™ .
AV Y

. eV VRS .

m/.r

CA 02754356 2015-09-04

2/3

R ;

i
RSN @
s N

SN

TN
.UM.).A

FIG. 2



Pressure (MPa)

1
-

S
-

W
Q

N
-

-
-

Hydrate

CA 02754356 2011-07-28

3/3

Liquid

Gas
10 20

Temperature (°C)

Critical

/ Point

30



Pressure (MPa)

\$3
Q

N
-

Iy
-

N
-

-
-

Hydrate

Liquid

Gas
10 20
Temperature (°C)

Critical

/ Point

30



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - abstract drawing

