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(57) Abstract: In a process for the production of methane and power, including the steps of producing syngas from a carbonaceous
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Title: A process for the production of methane and power

The present invention relates to a process for the produc-

tion of methane and power. More specifically, the invention
relates to the feeding of a turbine with superheated steam

and use of the spent steam for process addition or heating,
whereby power can be generated at a lower price than the

normal production price.

A steam turbine is a device which extracts thermal energy
from pressurized steam and uses it to do mechanical work on
a rotating output shaft, i.e. a turbine uses steam to drive
something, for example a pump, a compressor or a generator.
Because a turbine generates rotary motion, it is particular
suited to drive an electrical generator. The steam turbine
is a form of heat engine that derives much of its improve-
ment in thermodynamic efficiency from the use of multiple
stages in the expansion of the steam, which results in a

closer approach to the ideal reversible expansion process.

Non-condensing or back pressure turbines are most widely
used for process steam applications. The exhaust pressure
is controlled by a regulating valve to suit the needs of
the process steam pressure. Such turbines are commonly
found at refineries where large amounts of low pressure

process steam are needed.

A power plant facility having gas turbines, steam turbines
and mixed gas/steam turbines is known from US 6.047.549 A,
By use of appropriate networking of the three turbine fa-
cilities, an approach to isothermal heat supply and removal

is achieved with optimal utilization of waste heat. Specif-
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ically, the waste heat of the successively arranged turbine
groups is used to generate high pressure stream, which is
utilized in a back pressure turbine in such a way as to

boost the efficiency.

US 2010/0263607 Al describes a system for generating steam
for a turbine of an electric generator. The system includes
a superheater which receives steam from a boiler and which
superheats the steam. The superheated steam is then passed
through a heat exchanger to transfer some of the heat ener-
gy in the superheated steam to a flow of water. This reduc-
es the temperature of the superheated steam to a tempera-
ture which is suitable for the turbine. The water heated in
the heat exchanger can be condensed water that has already
passed through the turbine, and the water heated in the
heat exchanger can be routed to the boiler, where it is re-

cycled back into steam.

In US 2011/0120127 Al, a process for utilizing synthesis
gas heat for the generation of supercritical steam in a low
energy ammonia or methanol plant is disclosed. This process
involves a reforming or partial oxidation stage, and the
apparatus suitable for operating the process comprises at
least one supercritical steam generator, at least one su-
perheater, at least one back pressure turbine, at least one
extraction and condensing turbine and at least one boiler
feedwater pump. By the process, energy savings and overall
cost advantages, i.e. better process economics, can be

achieved.

Finally, a combined multi-component gasification, methana-

tion and power island steam turbine system is disclosed in
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US 2010/0170247 Al. The gasification part includes a heat
recovery design and associated controls for obtaining a de-
sired steam to dry gas ratio, and the methanation part in-
cludes 1°%, 2" and 3" methanation reactors and associated
heat recovery integrated with high pressure, intermediate
pressure and low pressure turbines and high pressure econo-
mizers. The power island steam turbine includes high pres-
sure, intermediate pressure and low pressure turbines with
an input coupled to an output of the superheaters in the
methanation process. The subject-matter of this citation
differs from that of the present invention in that the high
pressure turbine and the recycle compressor are not con-
nected and that no steam is added to the feed streams of

any of the methanation steps.

The present invention differs from the prior art mentioned
above in that it is used in applicant’s SNG process where
steam is consumed internally to heat up gas, or steam is
added to the process gas to avoid carbon formation, more
specifically “whisker carbon”. In the process, SNG (substi-
tute natural gas) is produced from cheap carbonaceous feed-
stocks, such as coal, petroleum coke, biomass or waste. SNG
is rich in methane, and it can be used interchangeably with

natural gas and distributed by the same means.

The conversion of the carbonaceous feed into SNG takes

place in a number of process steps as follows:

- gasification of the feed to produce a gas rich in hydro-
gen and carbon monoxide,
- shift conversion to adjust the ratio between hydrogen

and carbon monoxide,
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- acid gas removal, where carbon dioxide and hydrogen sul-
fide are removed in a washing process,

- methanation to convert carbon oxides and hydrogen to me-
thane (SNG) followed by drying and possibly compression of

the product SNG to pipeline conditions,

- production of oxygen for the gasification process in an

air separation unit, and

- recovery of sulfur from the acid gas removal unit, which
is most often done by converting the hydrogen sulfide to

sulfur in a Claus unit according to the equation

2H,S + 0Oy, <=> 28 + 2H,0 (1)

If desired, the sulfur can subsequently be converted to
concentrated sulfuric acid in a wet sulfuric acid (WSA)

unit.

Methanation is the process where carbon oxides and hydrogen

are converted to methane according to the reactions

CO 4+ 3H; <-> CHs + H,0 (2) and
CO, + 4H, <-> CH; + 2H,0 (3)

These reactions will be coupled to eguilibrium between car-

bon monoxide and carbon dioxide as follows:

CO + H,O <-> CO, + H, (4)

Both reactions (2) and (3) are highly exothermic, releasing
large amounts of reaction heat. Efficient recovery of the
heat of reaction is essential for any industrial methana-

tion technology.
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It is known from the field of steam reforming that cata-
lysts may form carbon depending on the operation conditions
and the actual catalyst formulation. Carbon may be formed
on the catalyst either from methane, carbon monoxide or
higher hydrocarbons. The formation of carbon from methane
and carbon monoxide may be expressed by the following reac-

tions:

CHq4 <-> C(s) + 2H, (5)
2CO <-> C(s) + CO (6)
CO + H, <-> C(s) + H0 (7)

The carbon formed depends on the operation conditions and
the catalyst. Typically, carbon on a Ni-catalyst is in the
form of whisker carbon. Said whisker carbon is described in
the literature; see e.g. “Concepts in Syngas Manufacture”
by J. Rostrup-Nielsen and Lars J. Christiansen, Catalytic
Science Series vol. 10, 2011, pages 233-235. As mentioned,
the choice of catalyst and operating conditions will deter-
mine whether or not carbon will form. According to the so-
called principle of equilibrated gas, carbon will form if
thermodynamics predict carbon formation from one or more of
the reactions (5)-(7) after equilibration of reactions (2)-
(4); see for example the above reference, pages 247-252.
Means to avoid carbon formation in this case include reduc-
ing the temperature and increasing the steam content in the

feed gas to the reactor.

The released heat from the above methanation reactions is
most efficiently recovered as high pressure superheated

Ssteam.
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The idea underlying the present invention is to feed a back
pressure turbine with superheated steam and use the spent
steam for process addition or heating. This way power can
be generated at a relatively low price because the conden-
sation energy is exploited 100% in case of heating. In case
of process addition of the steam it is seen - by comparison
with addition of saturated steam and use of a condensing
turbine - that the latter leads to an inferior utilization

of the energy.

Thus, the present invention relates to a process for the
production of methane and power including the steps of pro-
ducing syngas from a carbonaceous feed in a manner known
per se and subjecting the syngas to methanation in two or
more methanation reactors after passage through a sulfur

guard for desulfurization, wherein

- saturated steam is produced in one or more boilers and
fed to one or more superheaters to be converted to super-

heated steam,

- a back pressure turbine is fed with at least some of the
superheated steam to drive a recycle compressor compressing

part of the effluent from the last methanation reactor, and

- all or some of the steam spent in the turbine is added to
the methanation process to lower the potential for carbon

formation and to save recycle compressor energy.

Utilization of superheated steam is essential in the pre-

sent invention. Superheated steam is steam at a temperature
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higher than its vaporization (boiling) point at the abso-

lute pressure where the temperature is measured.

In a boiler, process waste energy is transferred to liquid
water in order to create steam. In the boiler(s) used in
the process of the invention, the water is always at the
boiling point. Once the boiling point is reached, the tem-
perature of the water ceases to rise and stays the same un-
til all the water is vaporized. The water goes from a lig-
uid state to a vapor state and receives energy in the form
of latent heat of vaporization. As long as there is some
liquid water left, the temperature of the steam is the same
as that of the liquid water. The steam is then called satu-

rated steam.

When all the water is vaporized, any subsequent addition of
heat raises the temperature of the steam. When steam is
heated beyond the saturated steam level, it is called su-

perheated steam.

Industries normally use saturated steam for heating, drying
or other procedures. Superheated steam is used almost ex-
clusively for turbines to drive generators, compressors,

pumps etc.

The back pressure turbine is utilized to drive a recycle
compressor. Normally compressor drivers are electrical in
SNG plants because of the relatively low power consumption.
Even so, the power consumption in the process of the inven-

tion is lower; 1in fact it 1s zero.
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The feed gas is preferably a gas in which the combined con-

centration of hydrogen and carbon oxides is at least 60%.

The inventive process is illustrated in the figure. The
syngas feed (A), which preferably comprises at least 7
mole% on dry basis of methane, more preferably at least 11
mole% on dry basis of methane and most preferably at least
15 mole% on dry basis of methane, is passed through a sul-
fur guard (SG) followed by a gas conditioning reactor (GC)
together with a small amount of water. The water can be -
but is not necessarily - high pressure steam HP. It is also
possible to use a small amount of liquid water, which sub-

sequently evaporates in the piping upstream the reactor.

In the gas conditioning reactor (GC), a shift reaction

CO + H,O -> CO, + Hy

takes place with the purpose of raising the temperature to
around 320°C. At lower entry temperatures there is a risk
of gum formation in the first methanation reactor (M1l).
Since gum can also be formed due to a high CO concentra-
tion, there is a “double” benefit of using the gas condi-
tioning reactor (GC), because the shift reaction reduces
the CO concentration. The amount of steam which is added
upstream of the sulfur guard (SG) is so low that the con-
centration when entering the SG is between 0.01 and 1.00%,

typically 0.3%.

The conditioned gas is then passed through two or more
methanation reactors. The embodiment shown in the figure

comprises two methanation reactors (M1 and M2). The heat of
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reaction from the methanation reactors is utilized in the
boilers (Bl and B2) and the steam superheaters (S1 and S2),
and the superheated steam, or at least some of it, is then

fed to the turbine (T) driving the recycle compressor (RC).

In the process of the invention, the steam pressure is

preferably 30 bar higher than the feed gas pressure.

From the turbine the used steam is fed to the methanation
reactors to lower the potential for carbon formation. The
steam is added to the system at a point immediately up-
stream of the first methanation reactor Ml (where a shift-
active catalyst may also be present) after a possible
split. This way, none of the added steam will go directly
to GC or M2. It would be most efficient to add the steam at
a point between the reactors GC and Ml. When a shift cata-
lyst and a methanation catalyst both are present, then the
two catalysts are advantageously placed in separate reac-
tors, i.e. in GC and M1, respectively. Said separate reac-
tors together operate as an adiabatically operating complex
of reactors with the GC reactor placed immediately before
Ml. Such a complex of reactors is patented by the appli-
cant; see GB 2 018 818 B. If there is no shift-active cata-
lyst present, the steam can be added after the split to the
second methanation reactor M2. This option will be more en-
ergy efficient. Some of the spent steam from the back pres-
sure turbine may be added to the process stream upstream

the desulfurization step.

By using steam this way, at least three surprising ad-

vantages are obtained:
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1) the carbon equilibrium is moved directly by changing the

0/C proportion and the H/C proportion in the reactor,

2) more steam to the turbine driving the compressor gives a
higher recycle, which in turn leads to a lower temperature,
thereby moving the process conditions away from the carbon

region, and

3) the lower temperature gives a higher conversion of syn-
thesis gas to methane in the reactor, because the equilib-

rium is shifted towards methane at low temperature.

Thus, by first producing high pressure steam and using some
of it in a back pressure turbine, which drives the recycle
compressor at a relieved pressure, and then adding all the
pressure relieved steam or some of it to the process, it
becomes possible to minimize the energy consumption and
lower the risk of carbon formation compared to a plant
where the steam is added directly and the recycle compres-

sor is driven by other means, e.g. electrically.

The invention is illustrated further by means of the fol-

lowing examples.

Example 1

This example compares three different cases, more specifi-
cally the traditional SNG process (the first case) and two
cases (the second and third case) of the back pressure tur-
bine based process according to the invention. The second
and the third case are referred to as “turbine case” and

“alternative turbine case”, respectively.
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the steam

production is approximately the same as in the two other

cases, and the outlet temperature from the first methana-

tion reactor is 675°C.

drive the recycle compressor is 1818 kW.

The consumption of electric power to

In the second case, feeding additional steam to the gas

conditioning reactor increases the distance to carbon for-

mation for the first methanation reactor to 15°C. The out-

let temperature from the first methanation reactor is 675°C

as in the first case, but the consumption of electric power

to drive the recycle compressor is zero.

For the third case (the alternative turbine case) the out-

let temperature from the first methanation reactor is in-

creased from 675 to 690°C,
formation is still 10°C. Again,

power to drive the recycle compressor is zero.

while the distance to carbon

The results are summarized in Table 1 below:

the consumption of electric

Table 1
normal turbine alternative
case case turbine
case

steam production, t/h 216.1 211.8 215.1
Electric power consump- 1818 0 0
tion, kW
outlet temp. from 1°° 675 675 690
methanation reactor, °C
distance to carbon for- 10 15 10
mation, °C
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Example 2

This example illustrates the use of a condensing turbine in
the process according to the invention. More specifically,
instead of using a back pressure turbine, where effluent
Steam can be re-used in the process, a condensing turbine
is used. The condensing turbine takes the highest possible
amount of energy out of the steam, leaving a steam conden-

sate.

Two cases of using a condensing turbine (condensing turbine
case and alternative condensing turbine case) have been
tested. When compared to the back pressure turbine cases in
Example 1, these two condensing turbine cases show that the
total steam balance is best for the back pressure turbine

embodiment according to the invention.

The results are summarized in Table 2 below:

Table 2
condensing alternative
turbine case condensing
turbine case

steam production, t/h 209.2 205.4
Electric power consump- 0 0
tion, kW
outlet temp. from 1°° 675 675
methanation reactor, °C
distance to carbon for- 10 15
mation, °C

The examples clearly show that it is possible at the same
time to minimize the energy consumption and lower the risk

of carbon formation compared to any plant where the steam
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is added directly and the recycle compressor is driven by

other means.
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Claims:

1. A process for the production of methane and power in-
cluding the steps of producing syngas from a carbonaceous
feed in a manner known per se and subjecting the feed syn-
gas (A) to methanation in two or more methanation reactors
(M1, M2) after passage through a sulfur guard (SG) for

desulfurization, wherein

- saturated steam is produced in one or more boilers (BI1,
B2) and fed to one or more superheaters (S1, S2) to be con-

verted to superheated steam,

- a back pressure turbine (T) is fed with at least some of
the superheated steam to drive a recycle compressor (RC)
compressing part of the effluent from the last methanation

reactor, and

- all or some of the steam spent in the turbine is added to
the methanation process to lower the potential for carbon

formation and to save recycle compressor energy.

2. Process according to claim 1, wherein the heat of re-
action from the methanation reactors (M1, M2) is utilized
in the boilers (Bl, B2) and steam superheaters (S1, S2) to

produce superheated steam.

3. Process according to claim 1 or 2, wherein a higher
recycle is obtained by feeding more steam to the turbine

(T) driving the recycle compressor (RC).
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4, Process according to claim 3, wherein said higher re-
cycle leads to a lower outlet temperature in the first
methanation reactor (Ml), whereby the process conditions

are moved away from the carbon region.

5. Process according to claim 1 or 2, wherein the syngas
feed (A) comprises at least 7 mole% on dry basis of me-

thane.

6. Process according to claim 5, wherein the syngas feed

comprises at least 11 mole% on dry basis of methane.

7. Process according to claim 6, wherein the syngas feed

comprises at least 15 mole% on dry basis of methane.

8. Process according to claim 1 or 2, wherein the steam

pressure is 30 bar higher than the feed gas pressure.

9. Process according to claim 1 or 2, wherein the steam

pressure is 60 bar higher than the feed gas pressure.

10. Process according to claim 1 or 2, wherein some of the
spent steam from the back pressure turbine is added to the

process stream upstream the desulfurization step.
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