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ABSTRACT

Process for the production of substitute natural gas (SNG)
by the methanation of a synthesis gas derived from the
gasification of a carbonaceous material together with water
gas shift and carbon dioxide removal thereby producing a
synthesis gas with a molar ratio (H,-CO,) / (CO+CO,) greater
than 3.00. At the same time a gas with a molar ratio (H,-
CO2) / (CO+CO;) lower than 3.00 is added to the methanation
section. The final product (SNG) is of constant high qual-

ity without excess of carbon dioxide and hydrogen.
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COMPLETE SPECIFICATION
STANDARD PATENT

Application Number:

Lodged:

Invention Title:  Process for the Production of Substitute Natural Gas

The following statement is a full description of this invention, including the best method of
performing it known to us:
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PROCESS FOR THE PRODUCTION OF SUBSTITUTE NATURAL GAS

The present invention relates to a process for the produc-
tion of substitute natural gas (SNG) from carbonaceous ma-
terials. Particularly the invention relates to a process
for the production of SNG from a carbonaceous material in
which the carbonaceous material is converted to a synthesis
gas containing the right proportion of carbon monoxide,
carbon dioxide and hydrogen for conducting a subsequent
methanation while separately adding a gas stream having a
molar ratio (H2-CO2)/(CO+CO2) lower than 3.00 to the
methanation section of the plant. More particularly this
stream with molar ratio (H2-C02)/(CO+C0O2) lower than 3.00
is preferably a stream containing carbon dioxide withdrawn

from the acid gas removal plant.

The low availability of fossil liquid and gaseous fuels
such o0il and natural gas has revived the interest in devel-
oping technologies capable of producing natural gas syn-
thetically from widely available resources such as coal,
biomass as well as other alternative fuels such as black
liquour, heavy oils and animal fats. The produced natural
gas goes under the name substitute natural gas or synthetic

natural gas (SNG) having methane as its main constituent.

The process of converting a reactant gas containing carbon
oxides (CO,, CO) and hydrogen to methane is commonly re-
ferred as methanation and represents a well-known technol-
ogy which for instance has been used intensively in ammonia
plants in order to remove carbon oxides, particularly car-

bon monoxides from the ammonia synthesis gas due to poison-
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ous effect of carbon monoxide on the ammonia synthesis

catalyst.

It is also known to produce SNG from a synthesis gas con-
taining carbon oxides and hydrogen by the passage of such
synthesis gas through a methanation section including one
or more methanation reactors comprising a fixed bed of
catalyst and where the synthesis gas is prepared by for in-

stance gasification of the carbonaceous material.

The methanation process is governed by the reactions: CO +
3H, = CHy + H,0 and CO; + 4H, = CH4 + 2H;0. Accordingly,
methanation should be conducted at conditions that ensure a
molar ratio H,/CO in the synthesis gas of 3 or 4. During
the production of SNG it is often more convenient to oper-
ate with the stoichiometric number M defined by the molar
ratio M =(H;-CO;)/ (CO+CO;) . The value of M in the synthesis
gas to the methanation section has to be kept as close to
3.00 as possible. A gas with a value of M = 3.00 is said to
be stoichiometric, a gas with a value of M > 3.00 is said
to be over-stoichiometric and a gas with a value of M <

3.00 is said to be under-stoichiometric.

The provision of a synthesis gas which is stoichiometric (M
= 3.00) is normally pursued by passing the gas from the
gasification through a water gas shift (WGS) stage upstream
the methanation section. During WGS carbon monoxide in the
synthesis gas is converted under the presence of water to
hydrogen and carbon dioxide. Prior to entering the methana-
tion section the carbon dioxide in the synthesis gas pro-
duced in the WGS is normally removed by a conventional CO,-

wash, such as the Rectisol or Selexol process.
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Current methods of achieving molar ratios (H;-CO;)/ (CO+CO3)
as close to 3.00 as possible in the synthesis gas fed to
the methanation section involve also some degree of by-
passing of the water gas shift reactor. However, due to
fluctuations during operation and the inherent dynamic be-
haviour of the plant which i.a. imply significant time-lags
it is difficult to keep the molar ratio (H,-CO;)/ (CO+C0Q,) of
the synthesis gas used as feed gas for methanation close to
the ideal value of 3.00, which is critical for the proper
operation of the SNG plant. This conveys the problem that
even small deviations from this value towards values higher
or lower than 3.00 in the synthesis gas manifest itself in
reduced quality of the final SNG product, since the product
will contain inexpedient surplus of CO, and H,. For in-
stance, while the SNG product obtained from the methanation
of a synthesis gas having M = 3.00 may contain only 0.7
vol% H, and 0.4% CO;, the SNG product from a synthesis gas
with M = 3.05 may contain 3 vol$% H; and the SNG product of
a gas with M = 2.95 may contain 2 vol% CO,. Hence, it would
be desirable to be able to provide a process which properly
controls the ratio (H,-COz)/(CO+CO;) in order to obtain a
final SNG product of constant high quality, i.e. a SNG
product after the final methanation stage which contains
above 90 vol% CHy, particularly above 95 vol% CH; with de-
viations of no more than 5%, less than 2 vol$% H, and about
1.1 vol % or less of carbon oxides (CO, and CO) irrespec-
tive of the fluctuations experienced in the plant, particu-

larly in the water gas shift stage (WGS).

According to the prior art the values of (H;-CO;)/ (CO+CO,)

or H,/CO-ratio are conventionally adjusted by the use of
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membranes, by WGS followed by CO;-removal, or by splitting

streams upstream WGS with subsequent CO,-removal.

Hence, WO-A-2006/090218 describes the use of membranes for

the forming of hydrogen-adjusted synthesis gas streams dur-
ing the production of a variety of synthetic hydrocarbons.

This patent application is devoted to Fischer-Tropsch syn-

thesis, DME and MeOH applications and to the adjustment of

the H,/CO and (H,-CO;)/(CO+C0O,) ratio of a synthesis gas

produced by steam methane reforming and gasification.

US 4,064,156 describes the methanation of synthesis gas in
which the H;/CO ratio is adjusted by using an over-shifted
feed gas having a H,;/CO ratio above 3 or 4, i.e. above the
stoichiometric ratio needed for methanation. Excess CO; in
the feed gas is used as a diluent to absorb the heat
evolved in the methanation reactor. Part of the excess CO;
is removed prior to methanation by conventional acid gas

wash.

US 4,124,628 discloses a methanation process comprising
gasification, optionally water gas shift, CO,-removal and
methanation, the latter being conducted in six stages and
with CO,; removal in between the 5th and 6th methanation

stage.

US 4,235,044 deals i.a. with the issue of fluctuations in
feed gas rate in continuous operations for the production
of methane. The ratio H;/CO is regulated by splitting the
syngas stream upstream the water gas shift (WGS) section.
Part of the stream not passed through WGS serves to adjust

the H,/CO ratio of the WGS treated stream, thereby result-
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ing in a high H,/CO ratio in the gas to the methanation re-
actors. A purified stream from the gasification may be di-
verted and added directly to a second methanation reactor

with CO; removal being conducted after this reactor.

WO-A-2088/013790 discloses the conversion of carbon to SNG
via steam reforming and methanation. In the acid gas scrub-
bing (AGS) zone it may be desirable to leave a certain
amount of CO; in the scrubbed stream used as feed gas for
methanation depending on the end use of the methane, e.qg.

as pipeline gas or as raw material for MeOH synthesis.

WO-A-02/102943 discloses a methanation process in which H;
or CO, are separated from the methane product by use of
membranes Oor pressure swing adsorption (PSA) and in which

H, is recycled to the synthesis gas feed.

Our US 4,298,694 describes methanation of syngas from gasi-
fication and purification stages and which is divided in
two part streams, one of which is methanised in an adia-
batic methanation reactor and subsequently unified with the
other part stream. The combined stream is then added to a

cooled methanation reactor.

We have now found that by providing a process in which the
synthesis gas for the methanation section is produced by
the sequential steps of gasification, water gas shift and
acid gas removal while separately adding a gas with M <
3.00, i.e. an under-stoichiometric gas, to the methanation
section it is now possible to obtain a final SNG product of

constant high quality.
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Consistent with the description above, by a final SNG prod-
uct of constant high quality is meant a SNG product having
a methane content above 90 vol% in which the content of the
components methane, carbon monoxide, carbon dioxide and hy-
drogen is kept constant without excess of carbon dioxide
and hydrogen and within the narrow ranges 10-25 ppmv CO;
less than 1.1 vol% CO,, particularly in the range 0.1-1.1
vol% CO,; less than 2 vol% H,, particularly in the range
0.5-2 vol% H,, and the content of methane is above 90 vol$%
with deviations of no more than 5%, preferably deviations
of no more than 2-3%, such as 91-93 vol% CHs or 95-98 vol%
CHy .

Accordingly, we provide a process for the production of
substitute natural gas (SNG) by the methanation of a syn-
thesis gas derived from the gasification of a carbonaceous
material, the process comprising the steps of:

(a) passing the carbonaceous material through a gasifica-
tion stage and withdrawing a gas containing carbon monox-
ide, carbon dioxide and hydrogen; _

(b) passing at least a portion of the gas from the gasifi-
cation stage through a water gas shift stage and withdraw-
ing a gas enriched in hydrogen;

(c) passing the gas from step (b) through an acid gas re-
moval step, withdrawing_a stream of carbon dioxide and
withdrawing a stream of synthesis gas containing hydrogen,
carbon dioxide and carbon monoxide and with a molar ratio
M= (H;-CO2) / (CO+CO;) greater than 3.00;

(d) passing the synthesis gas from step (c) through a
methanation section containing at least one methanation re-
actor and withdrawing from the methanation section a prod-

uct gas containing methane;

o
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(e) adding to the methanation section of step (d) a stream
having a molar ratio M=(H,;-CO;)/ (CO+C0O;) lower than 3.00

which is selected from the group consisting of a stream de-
rived from the gas withdrawn in step (a), a stream derived
from the gas withdrawn in step(b), a stream at least partly
derived from the stream of carbon dioxide withdrawn in step
(c), a separate stream containing at least 80 vol% CO,, and

combinations thereof.

Consistent with the definition above, the product gas con-
taining methane in step (d) contains preferably at least 90
vol% methane, more preferably at least 95 vol% methane,

most preferably at least 97 vol% methane.

In a specific embodiment the gas withdrawn in step (a) has
a molar ratio M=(H,-CO;)/(CO+C0O;) in the range 0.06-0.80.
For instance, a value of 0.06 corresponds to a gas obtained

from the gasification of black liquor.

Hence, by a simple and unconventional way of controlling
the molar ratio (H,-CO)/(CO+CO;) which involves slightly
over-shifting the gas in the WGS stage, i.e. molar ratio

M= (H;-CO) / (CO+CO,) of above 3.00 and adding an under-
stoichiometric gas (M < 3.00) to the methanation section it
is now possible to obtain a product gas SNG of constant
high quality. The process becomes significantly more robust
to fluctuations in the water gas shift stage and in addi-
tion the methanation process itself in the methanation sec-
tion of the plant becomes easier to conduct due to the hy-

drogen surplus in the synthesis gas.
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We have also found that by adding said under-stoichiometric
stream (M < 3.00) to the methanation section and at the
same time letting the molar ratio (H;-CO,)/ (CO+CO;) of the
synthesis gas obtained after WGS and CO,-wash increase to
values only slightly above the ideal value of 3.00, it is
now possible to further increase the SNG production, to
further improve the robustness of the process and thereby
to further ensure a final SNG product of constant high
quality. Accordingly, in a specific embodiment of the in-
vention the synthesis gas from step (c¢) has a molar ratio
(H2-CO2) / (CO+CO;) greater than 3.00 and below 3.30, prefera-
bly in the range 3.10 to 3.20.

As used herein the term “passing at least a portion of the
gas from the gasification stage through a water gas shift
stage” means that some of the gas from the gasification
stage may by-pass the water gas shift stage. The bypass gas
may then be combined with the effluent gas from the water

gas shift stage.

As used herein the term “methanation section” defines the
section of the SNG plant downstream the CO,-wash, and com-
prises at least one methanation reactor, water removal
units particularly for depletion of water in the effluents
withdrawn from the penultimate and last methanation reac-
tors, and optionally a sulphur guard upstream the methana-
tion reactors or immediately downstream the CO;-wash unit

such as a fixed bed of zinc oxide.

As used herein the term “synthesis gas” defines a feed gas
stream containing carbon monoxide, carbon dioxide and hy-

drogen produced after the acid gas removal step and that is
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used as feed gas in the methanation section and conse-
quently is used in either reactor of the methanation sec-
tion. Accordingly, as used herein the process gas contain-
ing mainly H;, CO and small amounts of CO, withdrawn from
the CO;-wash downstream the WGS stage represents a synthe-
sis gas as also is a feed gas entering any of the methana-

tion reactors of the methanation section of the plant.

As used herein the terms “acid gas removal” and “CO,-wash”

are used interchangeably.

While the stream which is at least partly derived from the
stream of carbon dioxide withdrawn in step (c), i.e. from
the acid gas removal step, often requires compression upon
introduction into the methanation section, the gas with-
drawn from step (a), i.e. from the gasification stage, and
the gas withdrawn from step (b), i.e. from the WGS stage
require no such compression. Significant savings in com-
pression energy can therefore be achieved when using gas

from the gasification and WGS stage.

As used herein the term “a stream at least partly derived
from the stream of carbon dioxide withdrawn in step (c)”
encompasses not only a stream representing a portion of
said stream of carbon dioxide but also the total stream,
i.e. the whole stream of carbon dioxide withdrawn in step

(c).

As used herein the term “a separate stream containing at
least 80 vol% CO,” defines any stream which is not derived
directly from the SNG process involving gasification of

carbonaceous material through methanation, but which comes
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from other separate processes where there is excess of car-

bon dioxide.

It would be understood that conventionally the gas gener-
ated during water gas shift contains excess carbon dioxide,
most of which needs to be removed and disposed of. If not
removed after the water gas shift the CO, will have to be
removed later on in the methanation section, otherwise the
final product gas SNG will contain high amounts of CO,
which reduce the value of the product. In a specific em-
bodiment of the invention, a stream with molar ratio M <
3.00, preferably carbon dioxide removed in the CO,-wash be-
fore methanation, more preferably the whole stream of car-
bon dioxide withdrawn in step (c), i.e. the CO;-stream re-
moved during the acid gas removal step (CO,- wash) is actu-
ally added to the process again in the methanation section.
This is highly counterintuitive because CO, is unwanted in
the final product, yet by providing this simple and untra-
ditional measure we are able to control the methanation
process so that the final SNG product reflects the use of a
gas with ideal molar ratio M=(H;-CO,)/ (CO+C0O;) of 3.00 in
the synthesis gas to the methanation section produced after

the water gas shift and CO,-wash.

In yet another specific embodiment of the invention said
stream with molar ratio M={(H,-CO,)/ (CO+CO,) lower than 3.00,
particularly gas from the gasification stage and/or from
the water gas shift stage, is subjected to desulfurisation

before adding the stream to the methanation section.
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The WGS stage is preferably conducted in a fixed bed reac-
tor of conventional water gas shift catalyst or sour shift

catalyst.

In a specific embodiment of the process the methanation
section of step (d) comprises passing the synthesis gas
through at least two methanation reactors containing a
catalyst active in methanation. Preferably all the methana-
tion reactors are adiabatic reactors containing a fixed bed
of methanation catalyst with coolers arranged in between
the reactors to bring the exothermic methanation reactions
under favourable thermodynamical conditions, i.e. low tem-
peratures. The methanation reactors may also be provided in
the form of fluidised beds containing the methanation cata-

lysts.

The synthesis gas after the CO;-wash is preferably admixed
with steam and if desired passed through a sulphur guard
bed in order to remove sulphur components to well below 1
ppm, since these components are poisonous to the methana-
tion catalyst. The synthesis gas is then added to the first
and second methanation reactors by admixing a portion of
the synthesis gas with a recycle stream derived from the
effluent of the first methanation reactor thereby providing
the feed gas to the first methanation reactor and by admix-
ing another portion of the synthesis gas with a portion of
the effluent stream of the first methanation reactor
thereby providing the feed gas to the second methanation
reactor. The recycle stream derived from the effluent of
the first methanation reactor acts as a diluent and enables
absorption of some of heat generated in the first methana-

tion reactor. The effluent streams from the second and sub-
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sequent methanation reactors are preferably added to each
subsequent methanation reactor in a series arrangement. In
other words, the effluent from the second methanation reac-
tor, which represents the synthesis gas or feed gas to the
subsequent third methanation reactor, is added directly to
the latter; the effluent from the third methanation reactor
is added directly to the fourth methanation reactor and so
forth. By “added directly” is meant without being combined

with other process gas streams.

In a further embodiment of the invention a recycle stream
is derived from the effluent stream of the last methanation
reactor and this recycle stream is admixed with the efflu-
ent stream passed to said last methanation reactor. In yet
another specific embodiment the stream added to the
methanation section and having a molar ratio (H;-
CO7) / (CO+CO3) lower than 3.00 is combined with the recycle

stream of said last methanation reactor.

As mentioned above, the stream having a molar ratio (H;-
COz) / (CO+CO,2) lower than 3.00 is preferably the stream
withdrawn from the CO,-wash upstream the methanation sec-
tion. The addition of this CO, stream to the last methana-
tion reactor enables a simpler control of the final SNG
product obtained downstream after water removal so it re-
flects a molar ratio (H,-CO;)/(CO+CO;) of 3.00 in the syn-
thesis gas obtained from the CO,-wash upstream the methana-

tion section.

Steam is normally added to the synthesis gas entering the
methanation section, specifically the synthesis gas being

conducted to the first methanation reactor despite of the
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fact that steam reverses the equilibrium of the methanation
reactions away from the desired product methane. Steam is
necessary in order to reduce the propensity of undesired
carbon formation due to the presence of carbon monoxide in
the synthesis gas. Under the presence of steam the methana-
tion reactions CO + 3H; = CHy + HyO and CO; + 4H, = CHy +
2H,0 will be accompanied by the conversion of carbon monox-
ide to carbon dioxide under the production of hydrogen and
carbon dioxide (water gas shift) according to the reaction
CO + H0 = H; + CO,. Carbon can be formed by direct decompo-
sition of methane to carbon according to the reaction CH; =
C + 2H; or by the Boudouard reaction 2CO = C + CO,. The
production of CO, enables therefore that the Boudouard re-
action is shifted to the left thereby preventing the pro-

duction of carbon.

The amount of steam used in the methanation section can be
rather significant and it also implies the use of large
equipment size. By the invention, the amount of water steam
used in the methanation section is significantly reduced
and at the same time it is possible to operate at condi-

tions where undesired carbon formation is prevented.

The carbonaceous material used in the gasification may en-
compass a variety of materials, but preferably the carbona-
ceous material is selected from the group consisting of
coal, petcoke, biomass, o0il such as heavy oil, black lig-

uor, animal fat and combinations thereof.

Fig. 1 shows a simplified block diagram of the general

process according to the invention including gasification
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of carbonaceous material, water gas shift, acid gas removal

and methanation section.

Fig. 2 shows the process of Fig. 1 with addition of carbon
dioxide from the acid gas removal step into the last

methanation reactor of the methanation section (block 25).

Fig. 3 shows another particular embodiment of the methana-
tion section (block 25) of the process of Fig. 1 with addi-
tion of carbon dioxide from the acid gas removal step into

the last methanation reactor.

Referring to Fig. 1 carbonaceous material is added in
stream 1 to gasifier 20. Air 3 is introduced into Air Sepa-
ration Unit 21 to produce oxygen stream 4 which is intro-
duced to gasifier 20 together with steam 5. The gasifica-
tion of the carbonaceous material produces a gas 6 contain-
ing carbon monoxide, carbon dioxide and hydrogen which is
added to sour shift reactor 22 under the production of hy-
drogen and carbon dioxide in a gas which is withdrawn as
stream 7 and which is subsequently subjected to a CO,-wash
in acid gas removal plant 23 such as a Rectisol or Selexol
plant. A portion of the stream 6 may bypass the shift reac-
tor 22 and then be combined with exit stream 7. Carbon di-
oxide is removed as stream 8 while stream 9 containing
C0O,/H2S is conducted to a gas treatment plant 24 under pro-
duction of sulphuric acid 10 and steam 11. The scrubbed gas
stream 12 from the acid gas removal plant 23 having a molar
ratio (H;-CO;)/ (CO+CO;) greater than 3.00, preferably in the
range 3.00-3.30, such as in the range 3.05-3.30 represents
the synthesis gas or feed gas to the methanation section

25. A gas 13 containing at least 80 vol% CO; such as CO;




04 May 2010

2010201775

10

15

20

25

30

15

stream 8 is introduced into this section under the produc-
tion of steam 14 and a final substitute natural gas (SNG)

15 of constant high quality and less sensitive to fluctua-
tions in the water gas shift stage 22 upstream the methana-

tion section.

Referring to Fig. 2, similarly to Fig. 1 carbonaceous mate-
rial is added in stream 1 to gasifier 20. Tabel 1 shows
mass balance data of the main streams involved. The gasifi-
cation of the carbonaceous material produces a gas 2 con-
taining carbon monoxide, carbon dioxide and hydrogen which
is added to sour shift reactor 22 under the production of
hydrogen and carbon dioxide in a gas which is withdrawn as
stream 3 and which is subsequently'subjected to a CO,-wash
in acid gas removal plant 23 such as a Rectisol or Selexol
plant. Carbon dioxide is removed as stream 4, while the
scrubbed gas stream 5 from the acid gas removal plant 23
having a molar ratio (H,-CO;)/ (CO+CO,;) of 3.05 represents
the synthesis gas or feed gas to the methanation section
25. This synthesis gas stream 5 is subjected to so-called
bulk methanation 60 in four adiabatic methanation reactors
resulting in gas stream 6 containing about 80 vol% methane.
Water and other impurities in gas stream 6 are then removed
in first separator 62 upstream the fifth methanation reac-
tor 61 and second separator 63 downstream this reactor.
From the first separator 62 an ovefhead stream 7 is with-
drawn which is admixed with final recycle stream 8 to form
a synthesis gas stream or feed gas 9. Final recycle stream
8 is obtained by combining stream 4 with a first recycle
stream 13 from the last methanation reactor 61. Stream 9 is
heated in feed-effluent heat exchanger 64 and then con-

ducted to the last methanation reactor 61 having a fixed
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bed of methanation catalyst 65 arranged therein. The efflu-
ent 10 from this reactor is cooled in said heat exchanger
64 to form stream 11 which is passed to separator 63. The
overhead stream 12 from this separator is subsequently di-
vided into final SNG product 14 and first recycle stream 13
which is driven by recycle compressor 66. Stream 4 contain-
ing at least 80 vol% CO,, more specifically the CO,-stream
withdrawn from the acid gas removal plant upstream the
methanation section (stream 8 in Fig. 1) is added to first
recycle stream 13, thereby finely adjusting the synthesis
gas 9 added to the last methanation reactor 61 so that the
final SNG product 14 reflects the use of a synthesis gas 5
for methanation having the ideal molar ratio M = (H;-
C0O,) / (CO+C0O,) of 3.00. This SNG product is of constant high
quality as the content of the most relevant components
methane, carbon monoxide, carbon dioxide and hydrogen are
constantly kept within narrow ranges, here 91-93 vol% CHg,
here about 91.5 vol% CH,; 10-25 ppmv CO, here about 20
ppmv; less than 1.1 vol% CO;, here about 1.05 vol%, and
less than 2 vol% H;, here about 0.4 vol% H;.
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TABLE 1: Mass balance for process of

Streams

Ar
CH4
co
Cco2
H2

N2
H20
DRY
TOTAL
MOLE
WEIGHT

Streams

Ar
CH4
Co
coz2
H2

N2
H20
DRY
TOTAL
MOLE
WEIGHT

Referring now to Fig. 3,

2
Nm3/h Mole %
1700 1.04
106619 65.18
3401 2.08
50504 30.87
1360 0.83

163584 100
20.44

Nm3/h Mole %
1700 1.05
37168 22.98
1617 1.00
119902 74.13
1360 0.84

161747 100
161747
9.03

Nm3/h
1700

37180
72839
119942
1360
148872
233022
381893
19.05

Nm3/h
1700
38237

544
4118
1360
39310
45963
85273
17.12

17

3

Mole %
0.73

15.96
31.26
51.47
0.58

100

Mole %
3.70
83.19
94 ppm
1.18
8.96
2.96

100

Fig.

Nm3/h

897

897
897
44.01

Nm3/h
2367
53644
5
1613
4179
1895
462
63703
64165
17.08

1 (which corresponds to stream 12 in Fig.

4
Mole %

100

100

.Mole %
3.72
84.21
73 ppm
2.53
6.56
2.97

100

Nm3/h
1699
39208

449
159
1360
97
42876
42973
17.61

14
Mole %
3.96
91.45
21 ppm
1.05
0.37
3.17

100

a synthesis gas stream or feed gas

1) from an acid

gas removal plant upstream is preheated in heat exchanger

31 and admixed with steam 2. The combined synthesis gas

stream 3 for methanation is further heated in feed-effluent

heat exchanger 32 and again in heat exchanger 33 prior to

passing the synthesis gas through sulphur guard unit 34

containing a fixed bed 35 of sulphur adsorbent. The sulphur

depleted synthesis gas 4 is divided into synthesis gas sub-

streams 5 and 6 which are added respectively to a first

methanation reactor 36 and second methanation reactor 41

each containing a fixed bed of methanation catalyst 37,

42,
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Synthesis gas sub-stream 5 is combined with recycle stream
7 from the first methanation reactor 36 to form a synthesis
gas stream 8 which used as feed gas to this reactor. The
effluent stream 9 from the first methanation reactor 36 is
cooled in waste heat boiler 38 and feed-effluent heat ex-
changer 39 and subsequently passed through recycle compres-
sor 40 where recycle stream 7 is generated. Synthesis gas
sub-stream 6 is admixed with a sub-stream 10 derived from
the effluent 9 of the first methanation reactor 36 to form
a combined stream 11 which is then passed to subsequent
methanation reactors arranged in series. Effluent 12 from
second methanation reactor 41 is cooled in waste heat
boiler 43. This cooled effluent, now representing the syn-
thesis gas or feed gas to the third methanation reactor 44
containing a fixed bed of methanation catalyst 45 is passed
there through to produce an effluent 13 which is cooled in
steam superheater 46 and subsequently passed through a
fourth methanation reactor 47. The effluent 14 from this
fourth reactor is then cooled by passage through feed-
effluent heat exchanger 32 and air cooler 48. Water and
other impurities in the gas stream 15 are then removed in
first separator 49 upstream the fifth and last methanation
reactor 51 and second separator 50 downstream this reactor.
From the first separator 49 an overhead stream 16 is with-
drawn which is admixed with a recycle stream 23 from the
last methanation reactor to form a synthesis gas stream or
feed gas 20. This stream 20 is heated in feed-effluent heat
exchanger 53 and then conducted to said fifth and last
methanation reactor 51 having arranged therein a fixed bed
of methanation catalyst 52. The effluent 21 from this reac-
tor is cooled in said heat exchanger 53 and is subsequently

divided to form said recycle stream 23 which is driven by
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recycle compressor 54. A stream 22 containing at least 80
vol% CO,, more specifically the CO,-stream withdrawn from the
acid gas removal plant upstream the methanation section
(stream 8 in Fig. 1) is added to recycle stream 23, thereby
finely adjusting the synthesis gas 20 added to this reactor
so that the final SNG product 19 reflects the use of a
synthesis gas 1 having the ideal molar ratio M = (H;-
CO;) / (CO+CO;) of 3.00. The cooled stream from the last
methanation reactor 51 is passed to second separator 50 for
final removal of i.a. water which is retrieved as stream 18.
The overhead stream 19 represents the final SNG product
ready to be compressed for downstream uses. This SNG product
is of constant high quality having a methane content above
90 vol%, here 95-98 vol% CH,, more specifically about 97
vol% CH;; and with the content of the most relevant
components methane, carbon monoxide, carbon dioxide and
hydrogen being kept constantly within narrow ranges: 10-25
ppmv CO, here about 13 ppmv; less than 1.1 vol% CO,, here
about 0.4 vol%, and less than 2.0 vol% H,, here specifically

about 1 vol% H,.

Comprises/comprising and grammatical variations thereof when
used in this specification are to be taken to specify the
presence of stated features, integers, steps or components
or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps,

components or groups thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for the production of substitute natural gas
(SNG) by the methanation of a synthesis gas derived from
the gasification of a carbonaceous material, the process
comprising the steps of:

(a) passing the carbonaceous material through a gasifica-
tion stage and withdrawing a gas containing carbon monox-
ide, carbon dioxide and hydrogen;

(b) passing at least a portion of the gas from the gasifi-
cation stage through a water gas shift stage and withdraw-
ing a gas enriched in hydrogen;

(c) passing the gas from step (b) through an acid gas re-
moval step, withdrawing a stream of carbon dioxide and
withdrawing a stream of synthesis gas containing hydrogen,
carbon dioxide and carbon monoxide and with a molar ratio
M= (H,-CO;) / (CO+CO;) greater than 3.00;

(d) passing the synthesis gas from step (c) through a
methanation section containing at least one methanation re-
actor and withdrawing from the methanation section a prod-
uct gas containing methane;

(e) adding to the methanation section of step (d) a stream
having a molar ratio M=(H,-CO;)/ (CO+CO;) lower than 3.00
which is selected from the group consisting of a stream de-
rived from the gas withdrawn in step (a), a stream derived
from the gas withdrawn in step(b), a stream at least partly
derived from the stream of carbon dioxide withdrawn in step
(c), a separate stream containing at least 80 vol% CO,, and

combinations thereof.
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2. Process according to claim 1 wherein the synthesis gas
from step (c¢) has a molar ratio (H,-CO,)/(CO+CO,) greater
than 3.00 and below 3.30.

3. Process according to claim 1 or 2 wherein the stream
with molar ratio M= (H,-CO,)/(CO+CO,) lower than 3.00 is the

whole stream of carbon dioxide withdrawn in step (c).

4. Process according to any one of claims 1 to 3, wherein
said stream with molar ratio M= (H,-CO,)/(CO+CO,) lower than
3.00 is subjected to desulfurisation before adding the

stream to the methanation section.

5. Process according to claim 1 in which the methanation
section of step (d) comprises passing the synthesis gas
through a series of at least two methanation reactors

containing a catalyst active in methanation.

6. Process according to claim 5 wherein the synthesis gas
from step (c) is admixed with steam and then added to the
first and second methanation reactors by admixing a portion
of the synthesis gas with a recycle stream derived from the
effluent of the first methanation reactor thereby providing
the feed gas to the first methanation reactor and by
admixing another portion of said synthesis gas with a
portion of the effluent stream of the first methanation
reactor thereby providing the feed gas to the second
methanation reactor, and wherein the effluent streams from
the second and subsequent methanation reactors are added to

each subsequent methanation reactor in a series arrangement.

7. Process according to claim 5 or 6 wherein a recycle

stream is derived from the effluent stream of the last



20 Sep 2013

2010201775

10

15

22

methanation reactor and this recycle stream is admixed with

the effluent stream passed to said last methanation reactor.

8. Process according to claim 7 wherein the stream added
to the methanation section and having a molar ratio (H2-
CO;) / (CO+CO;) lower than 3.00 is combined with the recycle

stream of said last methanation reactor.

9. Process according to claim 1 wherein the carbonaceous
material is selected from the group consisting of coal,
petcoke, biomass, oil, black liquor, animal fat and

combinations thereof.

10. Process substantially as hereinbefore described with

reference to any one of the Figures.

HALDOR TOPSOE A/S
WATERMARK PATENT AND TRADEMARKS ATTORNEYS

P33120AU00
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