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(54) Heat Integration In Coal Gasification And Methanation Reaction Process

(57) A combined gasification, methanation and pow-
er island steam turbine system (100). The system in-
cludes a methanation portion (202), and a steam turbine
portion (204). The methanation portion includes the new
heat recovery design and associated controls for obtain-
ing a desired steam to dry gas ratio of 1.1-2.2. The meth-

anation portion includes first (214), second (216) and
third (218) methanation reactors and associated heat re-
covery integrated with a high -pressure, low-pressure su-
perheater, and HP economizers.. The power Island
steam turbine includes turbines an input coupled to an
output of the superheaters in Methanation process.
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Description

[0001] The subject matter disclosed herein relates to
methanation and, in particular, to heat recovery in a meth-
anation reaction process, integrated with coal gasifica-
tion process.
[0002] Methanation is a physical-chemical process to
generate methane from a mixture of various gases out
of biomass fermentation or thermo-chemical gasification.
The main components are carbon monoxide and hydro-
gen. Methanation processes require clean synthesis gas
(syngas) to be fed to the reactor with a H2 to CO ratio of
3:1. The syngas is typically produced in a gasifier. In the
case that syngas is the feed product, methanation may
produce synthetic natural gas (SNG).
[0003] At present, most methanation processes are
isolated processes that include a gasification portion and
methanation portion. Typical gasification processes with
partial heat recovery produce a syngas with H2 to CO
ratio of about 0.95 to 1.0. A catalytic shift reactor is added
downstream of the gasifier for shifting CO to H2 ratio.
The shifting requires moisturized syngas with a steam-
to-dry gas ratio of about 1.1 to 2.2 (varies with type of
catalyst efficiency). Traditionally, steam is added to the
shift reaction process because the syngas exiting the ra-
diant synthesis gas cooler (RSC) quench doesn’t have
enough moisture.
[0004] According to one aspect of the invention, a com-
bined methanation and steam turbine system is provided.
The system includes a methanation portion and steam
turbine portion. The methanation portion includes a first
methanation reactor having an input configured to re-
ceive synthesis gas and an output, a second methanation
reactor having an input coupled to output of the first meth-
anation reactor and an output, a third methanation reac-
tor having an input coupled to the output of the second
methanation reactor and an output and a low-pressure
superheater coupled between the second reactor and
the third reactor that heats low-pressure steam. The
steam turbine portion includes a low-pressure steam tur-
bine having an input coupled to an output of the low-
pressure superheater.
[0005] According to another aspect of the invention, a
power plant is provided. The power plant includes a meth-
anation portion and a steam turbine portion. The meth-
anation portion includes a first methanation reactor hav-
ing an input configured to receive synthesis gas and an
output, a second methanation reactor having an input
coupled to output of the first methanation reactor and an
output, a third methanation reactor having an input cou-
pled to the output of the second methanation reactor and
an output and a low-pressure superheater coupled be-
tween the second reactor and the third reactor that heats
low-pressure steam. The steam turbine portion includes
a low-pressure steam turbine having an input coupled to
an output of the low-pressure superheater.
[0006] Various advantages and features will become
more apparent from the following description taken in

conjunction with the drawings.
[0007] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:

Fig. 1 is schematic drawing of a gasification process
according to an embodiment of the present inven-
tion; and

Fig. 2 is a schematic drawing of combined metha-
nation and steam turbine system according to an em-
bodiment of the present invention.

[0008] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.
[0009] Embodiments of the present invention are di-
rected to a radiant synthesis gas cooler (RSC)/SGC
(Syngas cooler) for heat recovery from gasifier integrated
with quench along with associated controls to obtain the
desirable steam to dry gas ratio. Such an embodiment
may allow for elimination of additional steam needing to
be added to the shift catalyst. Embodiments of the
present invention may also introduce a new process
scheme for heat recovery integration of gasification with
a methanation process having a coupled steam turbine/
power Island.
[0010] According to the first aspect of the Invention a
new optimized design of Gasifier coupled with RSC/SGC
(Radiant Syngas cooler/Syngas cooler), downstream
coupled with a quench chamber/scrubber with associat-
ed controls to give an optimal ration of 1-2.2 ratio of steam
to drygas ration for enabling shift using third party cata-
lyst, henceforth reducing the cost/need of traditional
steam introduction to shift catalyst.
[0011] According to second aspect of the invention op-
timized gasification process combined with methanation
and steam turbine system is provided. The system in-
cludes a Gasifictaion portion, methanation portion and
steam turbine portion. The methanation portion includes
a first methanation reactor having an input configured to
receive synthesis gas and an output, the output of the
first reactor couple to a HP superheater, a second meth-
anation reactor having an input coupled to output of the
HP Superheater and an output, a second methanation
reactor coupled to a LP Superheater & HP Economiz-
er#2. The output of HP Economizer#2 is coupled with
inlet of the third methanation reactor. The outlet of the
third methanation reactor coupled with an HP Economiz-
er#1. The steam turbine portion includes a High/Interme-
diate and low-pressure steam turbine having an input
coupled to an output of the high/ low-pressure superheat-
er.
[0012] According to another aspect of the invention,
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an integrated power island with Gasification/Methanation
process is provided. The power plant includes an MP
Economizer, Deaerator, condenser and a steam turbine
with high pressure and low pressure extraction. The net
low pressure steam in LTGC (Low Temperature gas cool-
ing) in Gasification Island is superheated in Methanation
process, using the available energy at the outlet of the
methanation reactor#2. This superheated LP steam is
admitted to LP steam turbine in Power Island. The ex-
traction steam from LP Steam Turbine is used for pegging
the Deaerator. The high-pressure steam from the syngas
cooler in Gasification process is superheated in metha-
nation process is admitted to HP Steam turbine. An ex-
traction steam from HP Steam turbine is used to econo-
mize the medium pressure (600-800 psig) boiler feed wa-
ter required for most of the SRU (Sulfur Recovery unit)
process in Gasification Island.
[0013] As discussed generally above, the methanation
process requires clean syngas to be fed to the methana-
tion portions (which includes one or more methanation
reactors) with an H2 to CO ratio of 3:1. Typical gasification
with partial heat recovery processes produce a syngas
with H2-to-CO ratio of about 0.95 to 1. To raise the H2 to
CO ratio, a catalytic shift reactor is added downstream
of the gasifier for shifting CO to H2. The shift reactor
needs a steam-to-dry gas ratio of about 1.1 to about 2.2
(this value may vary depending on catalyst efficiency) in
order to operate properly. In the prior art, this may have
required steam be added to the shift reactor because an
output of the RSC quenched in a quencher does not have
a steam-to-dry gas ratio in the required range. That is,
traditionally steam is being added to the shift reaction
process because the syngas exiting the quench receiving
the output of the RSC doesn’t have enough moisture.
[0014] Embodiments of the present invention may in-
clude a Gasifer with optimized design of RSC/SGC inte-
grated with quench/scrubber downstream and associat-
ed controls. In one embodiment, the integrated RSC/
quench may be operated in such manner that the output
thereof has the desirable steam-to-dry gas ratio. For ex-
ample, the steam-to-dry gas ratio may be about 1.1 to
about 2.2. This may be accomplished, in one embodi-
ment, by increasing the temperature of syngas leaving
the RSC/SGC to quench chamber in the quench portion
of the integrated RSC quench. The second embodiment
is to heat up the recycled condensate to scrubber within
LTGC (Low Temperature Gas cooling) section to in-
crease the water content in gas at the outlet of the scrub-
ber. In one embodiment, this may be accomplished by
integrating the methanation process and the RSC such
that energy recovered in the methanation process (in the
form of steam or heated water) is provided to the RSC
to increase the steam content of the output thereof. As
such, the integrated system may not require the produc-
tion of additional steam conventionally used to wet the
dry gas before introduction into the shift reactor and, thus,
reduce non-recovered energy.
[0015] Fig. 1 shows an example of an integrated sys-

tem according to an embodiment of the present invention.
In this embodiment, a gasifier 104 produces a raw syngas
output. The gasifier 104 is where gasification occurs.
Gasification is a process that converts carbonaceous ma-
terials, such as coal, petroleum, or biomass, into carbon
monoxide and hydrogen by reacting the raw material at
high temperatures with a controlled amount of oxygen
and/or steam. The resulting gas mixture is called synthe-
sis gas or "syngas" which itself is a fuel. Gasification is
a very efficient method for extracting energy from many
different types of organic materials, and also has appli-
cations as a clean waste disposal technique.
[0016] In one embodiment, the gasifer 104 is coupled
to a syngas heat recovery and particulate cleaning sec-
tion 102. The syngas heat recovery and particulate clean-
ing section 102 may include an integrated RSC/quench
105. The integrated RSC/quench 105 may include two
portions, an RSC portion 106 and a quench portion 108.
The RSC portion 106 acts as heat exchanger and cools
the syngas received from the gasifier 104. This RSC por-
tion 106 is designed and controlled to meet a desired
outlet temperature of syngas to quench 108. Further cool-
ing is performed in the quench 108. In one embodiment,
the quench 108 may be modified from a conventional
quench in such a manner that the syngas exiting the
quench have sufficient moisture content to enable the
shift. This desired water vaporization to syngas is
achieved by controlling the syngas outlet temperature
from RSC 105, to quench 108. Regardless, in either em-
bodiment, a beneficial result may include a greater pro-
portion of steam being contained in the syngas as it exits
the quench 108.
[0017] In one embodiment, the output of the quench
108 is coupled to a syngas scrubber 110 that operates
in the conventional manner. The preparation section 102
may also include other optional components such as, for
example, a first pump 114 and a second pump 116 that
serve to move water between the integrated RSC/quench
105 and the syngas scrubber 110. In one embodiment,
the heated condensate in the shift/LTGC 112, is recycled
back to the scrubber 110, which will result in a moisturized
syngas through the scrubber overhead with the desired
steam to drygas ratio. The Economized boiler feedwater
to RSC 118 is supplied from the heat integration in Meth-
anation process along with the power island as depicted
in Fig. 2.
[0018] The output of the syngas scrubber 110 is cou-
pled to a shift reactor 112. The downstream of the shift
reactor 112 may, in one embodiment, also include low
temperature gas cooling in which the low level energy is
recovered (Primarily in terms of heating up the conden-
sate recycle to scrubber and low pressure steam gener-
ation). In the prior art, the shift reactor 112 may have
required a steam input since the gas exiting the scrubber
overhead doesn’t meet the steam to drygas ratio required
for shifting. According to embodiments of the present in-
vention, because the steam-to-dry gas ratio of the syngas
leaving the syngas preparation section 102 has the re-
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quired ratio. As such, the shift reactor 112 does not in-
clude a steam input or does not receive steam even if
the input is present. Advantageously, such a shift reactor
112 does not have steam whose energy is not recovered
and ultimately lost as in the prior.
[0019] The output of shift reactor 112 is coupled to an
acid gas remover 120 to remove or reduce sulfur in the
syngas. The syngas is then passed to a methanation
process 202 described in greater detail below with re-
spect to Fig. 2.
[0020] Fig. 2 shows an example of a combined meth-
anation and power Island steam turbine process system
200 (combined system). The combined system 200 in-
cludes a methanation portion 202 and a power Island
portion 204 that are interconnected. The methanation
portion 202 and power island portion are also integrated
with gasification portion 102, and shift/low temperature
gas cooling portion 112. In the prior art the methanation
portion is not interconnected or otherwise coupled to ei-
ther a gasification portion or a power Island with steam
turbine portion. In one embodiment, the methanation por-
tion 202 includes a low-pressure super heater 206, a first
high pressure economizer 208, and a second high-pres-
sure economizer 210 that are not included in prior meth-
anation portions. The system 200 may also include a
high-pressure superheater 236 that is not included in pri-
or art methanation systems.
[0021] The methanation portion 202 receives, at a pre-
heater 212, syngas having an H2 to CO ratio of about 3.
The preheater 212 receives the syngas from, for exam-
ple, an acid gas remover 120 (Fig. 1). The preheater 212
heats the syngas to a standard temperature required for
by a first methanation reactor 214. As in conventional
methanation processes, the output of the first methana-
tion reactor 214 is passed to a second methanation re-
actor 216 and the output of the second methanation re-
actor 216 is passed to a third methanation reactor 218.
The output of the third methanation reactor 218 is passed
to a flash drum 220 where the natural gas product (meth-
ane) created in the methanation process is separated
from process condensate. The natural gas product is out-
put via an output indicated by arrow 222. The process
condensate, in one embodiment, is output via an output
indicated by condensate output arrow 224. In one em-
bodiment, the process condensate is provided to the KO
drum of the low temperate gas cooling portion of the shift
reactor 112 (Fig. 1).
[0022] Embodiments of the present invention are di-
rected to integrating the methanation process with a pow-
er Island with steam turbine portion 204 to create a com-
bined process 200. The coupling may allow, in some em-
bodiments, for increased heat recovery as compared to
standard methanation processes.
[0023] In one embodiment, the steam turbine portion
204 includes a high-pressure steam turbine 230. A steam
output of the high-pressure steam turbine 230 is coupled
to an input of an intermediate-pressure steam turbine
232. Similarly, a steam output of the intermediate-pres-

sure steam turbine 232 is coupled to an input of a low-
pressure steam turbine 234.
[0024] In one embodiment, the high-pressure steam
turbine 230 receives super heated high-pressure steam
from a high-pressure super heater 236 which is coupled
to an output of the first methanation reactor 214. Heat
from the reaction product from the first methanation re-
actor 214 is used to super heat high-pressure steam from
the combined RSC 105 (Fig. 1) in the high-pressure super
heater 236. In one embodiment, a portion of the reaction
product from the first methanation reactor 214 is fed back
into the first methanation reactor 214 after being proc-
essed by a recycle processor 238.
[0025] Another portion of the reaction product from the
first methanation reactor 214 is fed to an input of the
second methanation reactor 216. The output product of
the second methanation reactor 216 is fed to an input of
the third methanation reactor 218.
[0026] In one embodiment, energy from the output
product of the second methanation reactor 216 serves
to super-heat low pressure steam generated in Shift/LT-
GC section 112 (Fig.1) in a low-pressure super heater
206 coupled to the output of the second methanation
reactor 216. The low-pressure supper heater 206 super
heats low pressure steam and provides the super-heated
low-pressure steam to an input to the low-pressure steam
turbine 234. The output product of the second methana-
tion reactor 218 also is provided as a heat source to a
second high-pressure economizer 208. The second
high-pressure economizer 208 heats water for a high-
pressure boiler feed of the RSC 118 (Fig. 1). The first
high pressure economizer 210 is coupled to the third
methanation reactor 218 such that output product from
the third methanation reactor 218 heats high pressure
boiler feed water received from the power island steam
turbine block 204. In particular, water is pumped from the
output pump 250 to the first high-pressure economizer
210 where it is heated by output product from the third
methanation reactor 218.
[0027] As discussed above, one embodiment of the
present invention is directed to integrating a methanation
process with a power island steam turbine block and also
integrating with Gasification process (Fig.1). In one em-
bodiment, this may be accomplished, for example, by
superheating low-pressure steam in a low-pressure su-
per heater 206 and providing the resultant steam to a
low-pressure steam turbine 234. The Deaerated water
from the deaerator 256 is provided to the first high-pres-
sure economizer 210 where it is heated by the output
product of the third methanation reactor 218. The heated
water is then provided to the second high-pressure econ-
omizer 208 where it is heated by the output product of
the second methanation reactor 216. The heated water
is provided at high-pressure feed water for the RSC 105
(Fig. 1). The LP Boiler feed water from LP pump 262 is
provided to the shift/Low temperature gas cooling section
112 for LP steam production. In the above manner, the,
gasification process, methanation process and a steam
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turbine are integrated with one another. This may, ad-
vantageously, provide increased energy recovery from
the integrated process
[0028] Referring again to Fig. 2, the steam turbine 204
may include a post-processing portion 252. The post-
processing portion 252 processes water and steam to
prepare water for use in other portions of the integrated
system. In one embodiment, the post-processing portion
252 includes a condenser 254, a deaerator 256, a me-
dium-pressure economizer 258 and a plurality of pumps.
The condenser 254 is coupled to a steam output of the
low-pressure steam turbine 234 and the medium-pres-
sure economizer 258. The output of the condenser, in
the form of a steam condensate is provided to the shift
reactor/Low Temperature gas cooling section 112 (Fig.
1) to recover the low level energy. Steam condensate
from this section is pumped by first pump 260 to the de-
aerator 256. The deaerator 256 may also receive flash
tank steam and low-pressure steam extracted from the
low-pressure steam turbine 234 as well as process con-
densate from gasification (shown in Fig. 1). The deaer-
ator 256 creates vent steam and deaerated water that is
pumped to a low-pressure boiler for gasification feed wa-
ter by a second pump 262. The output of the second
pump is also pumped to the medium pressure feed water
makeup for gasification by a third pump 264 and to the
medium pressure economizer 258.
[0029] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.
[0030] Various aspects and embodiments of the
present invention are defined by the following number
clauses:

1. A combined Gasification, methanation and power
island with steam turbine system, the system com-
prising:

a methanation portion, the methanation portion
including:

a first methanation reactor having an input
configured to receive synthesis gas and an
output;
a second methanation reactor having an in-
put coupled to output of the first methana-
tion reactor and an output;

a third methanation reactor having an input
coupled to the output of the second metha-
nation reactor and an output; and
a low-pressure superheater coupled be-
tween the second reactor and the third re-
actor that heats low-pressure steam;

a steam turbine portion, the steam turbine por-
tion including:

a low-pressure steam turbine having an in-
put coupled to an output of the low-pressure
superheater.

2. The system of clause 1, wherein the methanation
portion further comprises:

a flash drum coupled to the output of the third
methanation reactor a first high-pressure econ-
omizer coupled between the third reactor; and
a first high pressure economizer coupled be-
tween the third methanation reactor and the
flash drum.

3. The system of any preceding clause, wherein the
methanation portion further includes:

a second high-pressure economizer coupled
between the second methanation reactor and
the third methanation reactor.

4. The system of any preceding clause, wherein the
first high-pressure economizer receives boiler feed
water from the steam turbine portion.

5. The system of any preceding clause, wherein the
second high pressure economizer receives an heat-
ed water from the first high-pressure economizer and
provides heated water to an high-pressure boiler
feed a radiant synthesis gas cooler

6. The system of any preceding clause, wherein the
steam turbine portion further includes:

a high-pressure steam turbine; and
wherein the methanation portion further in-
cludes:

a high-pressure superheater coupled be-
tween the first methanation reactor and the
second methanation reactor, the high-pres-
sure superheater receiving high pressure
steam, superheating the steam and provid-
ing it to the high-pressure steam turbine.

7. A power plant comprising:

methanation portion, the methanation portion in-
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cluding:

a first methanation reactor having an input
configured to receive synthesis gas and an
output;
a second methanation reactor having an in-
put coupled to output of the first methana-
tion reactor and an output;
a third methanation reactor having an input
coupled to the output of the second metha-
nation reactor and an output; and
a low-pressure superheater coupled be-
tween the second reactor and the third re-
actor that heats low-pressure steam;

a steam turbine portion, the steam turbine por-
tion including:

a low-pressure steam turbine having an in-
put coupled to an output of the low-pressure
superheater.

8. The power plant of any preceding clause, wherein
the methanation portion further comprises:

a flash drum coupled to the output of the third
methanation reactor a first high-pressure econ-
omizer coupled between the third reactor; and
a first high pressure economizer coupled be-
tween the third methanation reactor and the
flash drum.

9. The power plant of any preceding clause, wherein
the methanation portion further includes:

a second high-pressure economizer coupled
between the second methanation reactor and
the third methanation reactor.

10. The power plant of any preceding clause, where-
in the first high-pressure economizer receives boiler
feed water from the steam turbine portion.

11. The power plant of any preceding clause, where-
in the second high pressure economizer receives an
heated water from the first high-pressure economiz-
er and provides heated water to an high-pressure
boiler feed a radiant synthesis gas cooler.

12. The power plant of any preceding clause, where-
in the steam turbine portion further includes:

a high-pressure steam turbine; and
wherein the methanation portion further in-
cludes:

a high-pressure superheater coupled be-
tween the first methanation reactor and the

second methanation reactor, the high-pres-
sure superheater receiving high pressure
steam, superheating the steam and provid-
ing it to the high-pressure steam turbine.

Claims

1. A combined Gasification, methanation and power is-
land with steam turbine system (200), the system
comprising:

a methanation portion (202), the methanation
portion including:

a first methanation reactor (214) having an
input configured to receive synthesis gas
and an output;
a second methanation reactor (216) having
an input coupled to output of the first meth-
anation reactor and an output;
a third methanation reactor (218) having an
input coupled to the output of the second
methanation reactor and an output; and
a low-pressure superheater (206) coupled
between the second reactor and the third
reactor that heats low-pressure steam;

a steam turbine portion (204), the steam turbine
portion including:

a low-pressure steam turbine (234) having
an input coupled to an output of the low-
pressure superheater.

2. The system (200) of claim 1, wherein the methana-
tion portion further comprises:

a flash drum (200) coupled to the output of the
third methanation reactor and
a first high pressure economizer (208) coupled
between the third methanation reactor and the
flash drum.

3. The system of (200) any preceding claim, wherein
the methanation portion further includes:

a second high-pressure economizer (210) cou-
pled between the second methanation reactor
and the third methanation reactor.

4. The system (200) of any preceding claim, wherein
the first high-pressure economizer (208) receives
boiler feed water from the steam turbine portion.

5. The system (200) of any preceding claim, wherein
the second high pressure economizer (210) receives
an heated water from the first high-pressure econo-
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mizer and provides heated water to an high-pressure
boiler feed a radiant synthesis gas cooler.

6. The system (200) of any preceding claim, wherein
the steam turbine portion further includes:

a high-pressure steam turbine (230); and
wherein the methanation portion further in-
cludes:

a high-pressure superheater (236) coupled
between the first methanation reactor and
the second methanation reactor, the high-
pressure superheater receiving high pres-
sure steam, superheating the steam and
providing it to the high-pressure steam tur-
bine.

7. A power plant comprising:

methanation portion (202), the methanation por-
tion including:

a first methanation reactor (214) having an
input configured to receive synthesis gas
and an output;
a second methanation reactor (216) having
an input coupled to output of the first meth-
anation reactor and an output;
a third methanation reactor (218) having an
input coupled to the output of the second
methanation reactor and an output; and
a low-pressure superheater (206) coupled
between the second reactor and the third
reactor that heats low-pressure steam;

a steam turbine portion (204), the steam turbine
portion including:

a low-pressure steam turbine (234) having
an input coupled to an output of the low-
pressure superheater.

8. The power plant of claim 7, wherein the methanation
portion (202) further comprises:

a flash drum (220) coupled to the output of the
third methanation reactor
a first high pressure economizer (208) coupled
between the third methanation reactor and the
flash drum.

9. The power plant of claim 7 or 8, wherein the meth-
anation portion (202) further includes:

a second high-pressure economizer (211) cou-
pled between the second methanation reactor
and the third methanation reactor.

10. The power plant of any of claims 7 to 9, wherein the
first high-pressure economizer (208)receives boiler
feed water from the steam turbine portion.
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