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@ Process for the generation of power and the preparation of liquid hydrocarbons.

@ Power is generated and liquid hydrocarbons are pre-
pared in a process in which less than 70%v of a mixture of
carbon monoxide and hydrogen is converted by means of a
hydrocarbon synthesis carried out above 300°C. From the
reaction product are separated a liquid fraction which
comprises the desired hydrocarbons and a gaseous fraction
which, in addition to unconverted carbon monoxide and
hydrogen, comprises light hydrocarbons formed during the
synthesis and which latter fraction is combusted. The
combustion gas is used for generating power in a gas
turbine. High pressure steam is produced from water by
pre-heating, vaporization and superheating by using the hot
exit gas of the gas turbine. At least part of the reaction heat
from the hydrocarbon synthesis is used in the vaporization
stage of the steam production. The high-pressure steam is
used for generating power in a steam turbine.
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PROCESS FOR THE GENERATION OF POWER AND THE
PREPARATION OF LIQUID HYDROCARBONS

The invention relates to a process in which, starting from
a mixture of caﬁoonnnnc»cideahdhydrogen, power is generated by
means of a combined gas turbine-steam turbine system and, in
addition, liquid hydrocarbons are prepared by means of a high-
temperature hydrocarbon synthesis and in which both exhaust heat
and gaseous by-products obtained in the hydrocarbon synthesis
are used in the generation of power.

An attractive method of generating power fram a variety of
gaseous and liquid fuels camprises the conversion by combustion
of the fuels into gas having a high pressure and a high tempera-
ture, which is used to generate power in a cambined gas turbine-
steam turbine system. In short the principle of the working of a
cambined gas turbine-steam turbine system is to the effect that

the cambustion gases are expanded in a gas turbine, thus generating

power and that the hot exhaust gas fram the gas turbine is used
for the production of high-pressure steam which, by expansion in
a steam turbine, produces an additional quantity of power. The
cambined gas turbine-steam turbine system may be used very
suitably for the generation of power fram coal by gasifying the
coal, purifying and then cambusting the synthesis gas cbtained
and generating power from the combustion gases by means of the
carbined gas turbine-steam turbine system. With a view to
controlling air pollution due to sulphur emissions the afore-
described method of energy generating fram coal may be regarded
as an attractive altermative to the conventional coal-fired
power plant equipped with flue gas cleaning facilities.

As regards the generation of power by using a combined gas
turbine-steam turbine system, the following should be noted.
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Armong the various possibilities of cambining the two turbines
what is called the "recuperation scheme" is the preferred option
for converting a clean fuel gas into power, since this scheme
turns to optimm account the clean burning properties of the
fuel, the relatively low capital cost per unit of power of gas
turbines and the possibilities offered by advanced gas turbine
techmology. In this scheme the power is mainly generated in the
gas turbine and the waste heat of the gas turbine is recuperated
in a relatively simple way by using heat exchange to utilize the
exhaust gases for the production of steam. In order to cbtain
maximum power from the gas turbine, it is desirable to have a
high inlet temperature cambined with a high pressure ratio.
Considering the maximum entry temperature permitted by turbine
technology, the pressure ratio camnot be increased at will
without unduly lowering the outlet temperature of the turbine
and thereby severely diminishing the possibilities of steam
production.

Even at a reasonably high turbine ocutlet temperature, for
instance of 500-600°C, the efficiency of the heat recuperation
is poor, especially when steam of high temperature and high
pressure is to be produced. When the exhaust temperature of the
gas turbine is 550°C and when, by using counterflow and a
minimum T of 30°C between steam and exhaust gas, steam is
produced in an apparatus consisting of a pre~-heater, an evaporator
and a superheater successively, the cooled gas will leave the
plant at a temperature of 223°C if the exhaust gas is used for
producing steam of 165 bar and 520°C. In a combined gas turbine-
steam turbine system-based power plant built in isolation there
are hardly any uses to which the excess of low-grade heat can be
put, so that stack losses will be quite substantial and the
quantity of steam produced relatively small. By accepting a
lower steam pressure and/or lower temperature of superheating
more heat can be recuperated from the waste gas of the gas
turbine, so that the cooled gas will leave the plant at a lower
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temperature. Thus, if in the situation described hereinbefore
the exhaust gas is used for generating steam of 80 bar and 450°C
(instead of 165 bar and 520°C), the cooled gas will leave the
plant at a temperature of 187°C (instead of 223°C). Although in
this way more steam can be produced the amount of power that can
be generated in the steam turbine will hardly grow (see Table A)
owing to a loss of steam turbine efficiency. A slightly more
favourable situation presents itself when a higher gas turbine
outlet temperature is utilized. When an outlet temperature of
600°C is used, the temperature of the cooled gas will be 186°C
with production of 165 bar/550°C steam and 157°C with production
of 80 bar/450°C steam (see Table A). Same improvement may be
achieved by raising the temperature of the gas-turbine exhaust
gases by cambusting an additional quantity of fuel. However,
this is not an ideal use of the fuel, since it generates power
in the steam turbine instead of in the cambined gas turbine-
steam turbine system. Moreover, if larger quantities of fuel are
burned to cobtain a maximum effect, the steam generation unit
will no longer be a relatively simple unit without a combustion
chamber, but it will became a more camplex apparatus of the
conventional type whose efficiency is relatively low due to the
large excess of air required. Other measures that may be
contemplated in order to improve the recuperation of low-grade
heat from the exhaust gas of the gas turbine, for instance
including a low-pressure steam cycle, are not very attractive
since they increase the camplexity of the plant and, in view of
the temperature levels involved, have only low efficiency.
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TABLE A

Power generation from gas turbine exhaust gas
without additional heat supply

AT . = 30°C
-1 -1
cp exhaust gas = 1.118 kJ.kg ~.°C
steam condensor: P = 0.04 bar, T = 29°C

Gas turbine cutlet temperature,

°C 550 600
Pressure of steam, bar 165 80 165 80
Temperature of steam, °C 1 520 450 550 450

Steam produced, kg/kg
exhaust gas 0.1134 |0.1286 | 0.1397] 0.1571

Heat recuperated, kJ/kg

exhaust gas 365.9 | 405.5 462.5| 495.3
Temperature of stack gas, °C 223 187 186 157
Efficiency of steam turbine, % 40.5 36.5 41 36.5

Effective power, kJ/kg
exhaust gas 148.2 148.0 189.6 180.8
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A much more elegant solution to the problem of the utilization
of heat may be found in combining the generation of power with
high~temperature hydrocarbon synthesis and utilizing at least
part of the high-grade waste heat of the hydrocarbon synthesis
reaction evaporating water in the production of steam as the
feed for the steam turbine. By combining the two processes in
such a way that on the one hand unconverted synthesis gas,
together with gaseous by-products formed, is used as fuel for
the gas turbine, whilst on the other hand waste heat from the
hydrocarbon synthesis is used for producing high-pressure steam
the drawbacks both of the high-temperature hydrocarbon synthesis
for the preparation of liquid hydrocarbons and of the cambined
gas turbine-steam turbine system, which present themselves when
these two processes are each used in isolation, are overcome.

The above-mentioned "high-temperature hydrocarbon synthesis®
refers to a hydrocarbon synthesis which is carried ocut at a
temperature above 300°C. The products of said hydrocarbon
synthesis are aliphatic and/or aramatic hydrocarbons, but not
oxygenates like methanol, although oxygenates may be inter-
mediates in the production of hydrocarbons from synthesis gas.

The present patent application therefore relates to a
process for the generation of power and the preparation of
licquid hydrocarbons, in which of a mixture of carbon monoxide
and hydrogen less than 70%v is converted by means of a hydro-
carbon synthesis carried out above 300°C, in which from the
reaction product are separated a liquid fraction which in
addition to unconverted carbon monaxide and hydrogen, comprises
light hydrocarbons formed during the synthesis and which latter
fraction is carbusted, in which the corbustion gas is used for
generating power in a gas turbine, in which high-pressure steam
is produced from water by preheating, vaporization and super-
heating by using the exit gas of the gas turbine, in which the
high-pressure steam is used for generating power in a steam
turbine and in which at least part of the reaction heat from the
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hydrocarbon synthesis is used in the vaporization step of the
steam production. _

The process proposed here is very suitable for handling
both hydrogen-rich and low-hydrogen synthesis gases.

With a proper choice of catalyst the high-temperature
hydrocarbon conversion allows of partial conversion of low-
hydrogen synthesis gases into liquid hydrocarbons without the
necessity of previously subjecting the synthesis gas to the
water gas shift reaction as is often required in methanol
synthesis. At equal pressures (for instance 30 bar) higher
conversion can be achieved in the high-temperature hydrocarbon
synthesis than in the methanol synthesis. The high-temperature
hydrocarbon synthesis releases more heat (20-25% of the energy
content of the synthesis gas) than the methanol synthesis. Since
the former reaction takes place at a high temperature,.this
high~grade heat can be put to good use, viz. in the vaporization
step during the production of high-pressure steam which can be
utilized in the steam cycle of the power plant. For instance,
the reaction heat which is released when the hydrocarbon
synthesis is carried out at a temperature of 375-400°C can be
very well used for producing steam of 350°C and 165 bar. The
high-temperature hydrocarbon synthesis may yield in addition to
liquid hydrocarbons, considerable quantltles of gasecus hydro-
carbons (Cl-C4 paraffins) . However, when the high-temperature
hydrocarbon synthesis is used in cambination with power
generation, this presents no difficulties, since these gaseous
hydrocarbons fully contribute to the energy content of the fuel
for the power plant and - as far as the calorific value of this
fuel is concerned - even make up to some content for the
diluting effect of C02 which may be present in the fuel for
instance as a result of an internal water gas shift reaction
occurring during the hydrocarbon synthesis starting from a
low-hydrogen synthesis gas. So long as the gas remains
carbustible there is no cbjection to the presence of o, since
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it can have the same function as excess air of restricting the
combustion temperature, with the advantage that the co, is
already under pressure. Since many catalysts used in the high-
temperature hydrocarbons synthesis have a much higher sulphur
tolerance than several methanol synthesis catalysts, like a
Cu/ZnO catalyst, the sulphur-removing process required in the
hydrocarbon synthesis when sulphur-containing synthesis gases
are used - such as those formed during the gasification of coal
- will be of a much simpler nature. In the high~temperature
hydrocarbon synthesis it is extremely difficult to attain a
synthesis gas conversion of more than 70%v when using a space
velocity which is acceptable in practice, but no recirculation.
However, when the high-temperature hydrocarbon synthesis is used
in cambination with power generation, this presents no diffi-
culties, since in this combination the synthesis gas is meant to
be converted only partly. )

Deperding on the catalyst chosen, the high-temperature
hydrocarbon synthesis may yield either substantially aramatic
hydrocarbons, or substantially paraffinic hydrocarbons. If
substantially aramatic hydrocarbons are to be prepared,
preference is given to the use of a bifunctional catalyst
conbination comprising one or more metal camponents having
catalytic activity for the conversion of a H2/CO mixture into
acyclic hydrocarbons and/or acyclic oxygen-containing organic
campounds and a crystalline metal silicate of a special
structure which is capable of catalysing the conversion of
acyclic campounds into arcmatic hydrocarbons. If substantially
paraffinic hydrocarbons are to be prepared, preference is given
to the use of an iron-containing catalyst having activity for
the conversion of a H,/CO mixture into paraffinic hydrocarbons.

As cbserved hereinbefore, the process according to the
invention may be applied to both hydrogen-rich synthesis gases
and low-hydrogen synthesis gases. The process according to the
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invention is of particular interest for application to low-
hydrogen synthesis gases. Such synthesis gases having a HZ/CO
molar ratio of less than 2.0 may very suitably be obtained by
gasification of carbonaceous materials, such as brown coal,
anthracite, coke, crude mineral oil and fractions thereof, as
well as oils produced fram tar sand and bituminous shale. The
gasific;ation is preferably carried ocut at a temperature of
900-1500°C and a pressure of 10-100 bar. In the process according
to the invention the preferred starting material is a synthesis
gas having a H2/CO molar ratio higher than 0.25.

If in the process according to the invention the starting
material is a low-hydrogen synthesis gas, the catalyst pref-
erably used in the high-temperature hydrocarbon synthesis is a
bi- or trifunctional catalyst the latter camprising, in addition
to the components of a bifunctional catalyst, one or more metal
camponents having CO-shift activity.

If the high-temperature hydrocarbon synthesis is carried
out with the object of preparing substantially aramatic hydro-
carbons, preference is given to the use of a bi- or trifunctional
catalyst which, in addition to the metal camponents having
catalytic activity, comprises a crystalline metal silicate of a
special structure which is capable of catalysing the conversion
of acyclic hydrocarbons and acyclic oxygen-containing organic
campounds into aramatic hydrocarbons, the metal silicate being
described e.g. in British patent specification No. 1,555,928 and
British patent application No. 2,055,893.

If the aim of the high-temperature hydrocarbon synthesis is
to prepare substantially paraffinic hydrocarbons while starting
fran a low-hydrogen synthesis gas, preference is given to the
use of an iron-containing bifunctional catalyst or catalyst
carbination which, in addition to activity for the conversion of
a H2/CO mixture substantially into paraffinic hydrocarbons,
has CO-shift activity. Preference is given to the use of a
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bifunctional catalyst prepared by impregnation and comprising
iron supported on a carrier. Examples of such catalysts are
'E‘e/b/kg/Ale3 and Fe/Cr/SiO2 catalysts described in British patent
specification No. 2,053,713 and No. 2,053,016, respectively.

Suitable conditions for carrying out the high temperature
hydrocarbon synthesis are a temperature of 300-450°C, a pressure
of 20-80 bar and a space velocity of 200-2000 N1 gas/l catalyst/
hour. When the high temperature hydrocarbon synthesis is used
for the preparation of substantially aromatic hydrocarbons, the
following conditions are preferably used: a temperature of
325-400°C, a pressure of 30-60 bar and a space velocity of
300-3000 N1 gas/l catalyst/hour. When the high-temperature
hydrocarbon synthesis is used for the preparation of sub-
stantially paraffinic hydrocarbons, the following conditions are
preferably used: a temperature of 300-350°C, a pressure of 20-50
bar and a space velocity of 500-2000 N1 gas/l catalyst/hour.
Conversion in the high~temperature hydrocarbon synthesis should
be less than 70%v. Depending on the cbject pursued the con-
version may vary within wide limits. Usually the conversion will
be more than 10%v. '

In general, the process according to the invention can be
used for the generation of power and the preparation of liquid
hydrocarbons fram mixtures of carbon monoxide and hydrogen. The
process is of particular interest for the genmeration of elec-
tricity and the preparation of synthetic gasoline, starting from
low-hydrogen synthesis gas obtained in the high-pressure
gasification of coal. Excellent catalysts for the conversion of
low-hydrogen synthesis gases into synthetic gasolines are the
afore-mentioned trifunctiocnal catalyst cambinations consisting

of a mixture of catalyst capable of converting a H2/CO mixture

substantially into methanol and a crystalline metal silicate of
a special structure capable of converting methanol into arcmatic
hydrocarbons. Since the use of these catalysts results in a
liquid product which boils substantially in the gasoline range,

r
Te
.
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this hydrocarbon synthesis is sometimes referred to as the
"direct gasoline synthesis" (DGS). Hereinafter whenever mention
is made of DGS, it will be to designate the direct gasoline
synthesis described hereinbefore.

In power plants periods of normal load and periods of peak
load succeed each other. In order to be able to meet the demand
for power in peak load pericds, supplementary ‘fuel is supplied
to the gas turbine. To this end the process according to the
invention utilizes the liquid hydrocarbons prepared by way of
the high-temperature hydrocarbon synthesis. Depending on the
quality of the liquid hydrocarbons produced by high-temperature
hydrocarbon synthesis, it may in same cases be more attractive
t0purchasethesupplanentaxyfuelneededtocopewithpeak
1oads elsewhere and to reserve the liquid hydrocarbons prepared
in the process for other purposes. Such a situation may present
itself, for instance, when the hydrocarbon synthesis is carried
out as a DGS, which yields an extremely valusble product that
can be put to excellent use as motor gasoline. However, as may
be seen from the following, the process according to the
invention is highly flexible, so that to a certain extent it is
possible to meet fluctuations in power demand without having to
fall back on supplementary fuel purchased fram external sources
or produced in situ.

The DGS produces a considerable quantity of reaction heat
of a temperature level of 375-400°C. A reactor that is very
suitable for carrying out the DGS is a reactor whose heat
discharge takes place by means of internal cooling pipes in
which the heat is absorbed by water which boils, for instance,
at 350°C and 165 bar. If the synthesis reactor is situated on
the same site as the power plant, this provides an excellent
opportunity for integrating this steam system into the combined
gas turbine-steam turbine system. Preferably, the DGS is carried
out isothermally, so that it releases the heat at a very
attractive constant temperature level. Therefore this heat is
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excellently suitable for providing the heat of vaporization
during the production of high-pressure steam and the utilization
of the heat present in the exhaust gas of the gas turbine can be
principally restricted to heating the water and superheating the
steam. Data of situations in which 50 and 100%, respectively, of
the heat of vaporization is provided by the DGS show that the
process may be carried out more efficiently. (See Tables B and
C). In particular in the case where 100% of the heat of vapori-
zation is provided by the DGS the countercurrent exchange of
heat is virtually ideal, resulting in a maximm gain of heat

fram the exhaust gas and consequently very low stack tempera-

tures, of 91 and 67°C at gas turbine ocutlet temperatures of 550
and 600°C, respectively. The almost maximum quantity of heat
recovered from the exhaust gas and the heat produced by the
synthesis reaction together become available as high-pressure
superheated steam- (165 bar, 520-550°C) which can be converted
into power with good efficiency. Not only is in this way the
reaction heat of the hydrocarbon synthesis - which usually
becames available as saturated steam - upgraded, but more steam
is produced besides. As shown in Table C, the reaction heat of
the DGS is transformed to an additional quantity of superheated
high pressure steam with an apparent efficiency of about 170%
and finally it is transformed to extra power with an energy
efficiency of about 70%. This is almost three times as high as
when the reaction heat would have been simply utilized for the
production of saturated steam to be used for the generation of
power in a separate steam cycle of relatively poor efficiency.
Not only is the latter option inferior fram an energetic point
of view, it is more costly as well, since a separate steam cycle
has to be added to the system. |
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TABLE B

Power generation from gas turbine exhaust gas, in which the
reaction heat of a DGS supplies at least part of the heat of
vaporization of the water

= o
AT s, = 30°C 44
Cp exhaust gas = 1.118 kJ.kg ~.°C
steam condensor: P = 0.04 bar, T = 29°C

Gas turbine outlet temperature,

°C . 550 600
Pressure of steam, bar 165 165
Temperature of steam, °C 520 - 550

% of heat of vaporization
supplied by DGS 50 100 50 100

Steam produced, kg/kg
exhaust gas 0.151 }0.220 0.182 | 0.247

Heat recovered, kJ/kg
exhaust gas 419.6 | 512.9 521.1 | 596.5

Temperature of stack gas, °C 170 91 134 67

Heat supplied by DGS, kJ/kg
exhaust gas 67.6 | 197.0 81.5 | 221.3

Total steam energy, kJ/kg
exhaust gas 487.3 | 709.9 602.6 | 817.8

Steam turbine efficiency, % 40.5 40.5 41 41

Effective power, kJ/kg
exhaust gas 197.4 | 287.5 247.1 | 335.3
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TABLE C
Effect of integration of DGS into a cambined gas turbine-steam
turbine system on power generation in steam cycle
Gas turbine outlet |Gas turbine outlet
temperature 550°C | temperature 600°C
Psl = 165 bar P, = 165 bar
Tsl = 520°C Ts! = 550°C
% of heat of vaporization
supplied by DGS 0 |50 |100 0 |50 (100
Temperature of stack gas, .
°C 223 1170 91 186 134 67
Steam produced, kg/kg
exhaust gas 0.113 [0.151(0.220 0.14010.182|0.247
Total steam energy, kJ/kg
exhaust gas 365.91487.31709.9 462.5(602.5|817.8
Extra steam energy
" |produced = ASs, kJ/kg
exhaust gas 0 {121.4{341.0 0 [140.1}355.3
Heat supplied by DGS =
q, kJ/kg exhaust gas 0 67.6/197.0 0 81.5(221.3
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TABLE C (cont'd)

Gas turbine ocutlet | Gas turbine outlet
temperature 550°C | temperature 600°C
P = 165 bar P = 165 bar
= o = o
T ; 520°C T ; 550°C
Apparent efficiency of
utilization of DGS reac-
tion heat = A\S/G, % — {179 {175 — 172|169
Extra power generated = A
AE, kJ/kg exhaust gas 0 | 49.2(139.2 0 | 57.5|152.0
Efficiency of conversion |-
DGS reaction heat into
pover = AE/G, % — |73 |7 — | 71 | 69

As already observed hereinbefore, the process according to
the invention has a high degree of flexibility, so that, within
certain limits, it is possible to meet fluctuations in power
demand. For in the process according to the invention an increase
in demand for power can be excellently met by reduction of the
conversion in the hydrocarbon synthesis, resulting in more
synthesis gas becaming available for use as fuel gas for the
generation of power. The necessary fluctuations in degree of
conversion in the hydrocarbon synthesis are preferably achieved by
feeding part of the synthesis gas into the gas turbine by way of
a by-pass around the synthesis reactor. According as more
synthesis gas is diverted, the space velocity in the reactor
will decrease. This reduces the absolute quantity of synthesis
gas converted and, consequently the conversion based on the
total quantity of synthesis gas feed. Since the reactor tempera-
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ture is largely controlled by the boiling water in the internal
cooling pipes, a reduction in the gas flow rate will have but
little effect on the reactor temperature. The invention is now
elucidated with the aid of the following example.
EXAMPLE
In order to assess the advantages of the integration of a
DGS into a combined gas turbine-steam turbine system (CGSS),
four schemes were elaborated describing the conversion of coal
into nothing but electricity (3), into nothing but gasoline (D)
and into both gasoline and electricity (B and C). In scheme B
the same amount of electricity was generated as in scheme A,
while the relative ratio between gasoline, energy and electricity
were such that the reaction heat of the DGS supplied 100% of the '
heat of vaporization, whereas in scheme C only half this quantity
of heat was supplied. The Table D was made with the aid of the
following data: .
Coal feed : Ash content 12%w; moisture content 6.5%w;
Analysis of coal: 78.1%w C;
5.5%w H; 4.3%w S; 1.2%w N; 10.9%w O.
Calorific value 31.6 MJ/kg moisture and ash free
. coal (MAF coal).
Gasification : High-pressure gasification using a mixture of
steam and oxygen. Temperature 1500°C; pressure 30
bar; residence time of coal in reactor: 0.55 s.
O,/MAF coal = 0.89 kg/kg
H,O/MAF coal = 0.08 kg/kg
Yield: 1.99 Nm?® purified synthesis gas per kg MAF
coal having the composition: 32.8%v Hy; 66.5 v
CO; 0.7%v N, + Ar.
Calorific value of synthesis gas: 12 MJ/Nm3.
Energy needed for preparing oxygen and process
steam is supplied by a waste heat boiler
integrated into the coal gasifier.

r
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Hydrocarbon : DGS over a catalyst consisting of a mixture of a
synthesis ZnO—Cr;_,O3 camposition and a crystalline iron/

aluminium silicate of a special structure, as
disclosed in British patent specification No.
1,555,928
P = 30 bar, T = 400°C.
C3+ selectivity: 95%w on C1+.
Cs-i- selectivity: 80%w on Cl+'
Gas turbine : Efficiency expressed as specific _energy
consumption: 11290 kJ/kwh
Inlet temperature: 1130°C
Outlet temperature: 552°C
Pressure ratio + 14.2:1
Air flow rate 12.35 t/MWh

Exhaust gas i preheater + superheater
boiler AT = 30°C, minimally
Steam turbine: Psl = 165 bar; Ty = 520°C
3 - = 0,
Peond - 0.04 bar; T 5 - 29°C

Energy conversion efficiency: 40.5%

In Table D the most significant results of the schemes are
given. In scheme B about 35% more coal is gasified than in
scheme A and about half of the synthesis gas is converted into
gasoline. Although as compared with scheme A, less CO and H,
is left over for use as fuel for the gas turbine, the same
amount of electric power is produced. In case of gasoline
production of approximately the same energy content the total
effective energy produced by scheme B is almost redoubled. The
thermal efficiency of the coal conversion has been increased
from less than 40% to over 50%.

Camparison of scheme B with scheme D and scheme A shows
that a quantity of 173 t/h of coal would be needed to produce
about the same quantities of electricity and gasoline as produced
in scheme B starting from 134 t/h. This clearly shows the
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advantage to be cbtained fram the integration of the two
processes.

As regards peak shaving, the following may be cbserved. If
the integrated process is constructed in such a way that scheme
B (about 50% synthesis gas conversion in DGS) corresponds with
the base load, an increase in electricity demand can be met
within certain limits by reduction of the conversion, so that
more gas is available for use as fuel for the CGSS. In scheme C
the same quantity of coal (134.5 t/h) is supplied to the gasifier
as in scheme B, but conversion in the DGS is reduced to 24%.
Consequently the quantity of electricity produced grows (from
323 to 375 MW). As is seen from Table D, virtually the entire
increase in electric power occurs in the section of the CGSS
which is comnected with the gas turbine, whereas the section
connected with the steam production is barely involved. This is
very fortunate, since rapid response and relatively low.cost
make gas turbines eminently suitable for peak shaving. Thus, by
installing sufficient gas turbine capacity, fluctuations in the
demand for electricity can be met to a certain extent, while the
most important and most costly parts used in the conversion of
coal to electricity are constantly operated at full capacity. The

advantages of integration are still quite substantial at a low
degree of synthesis gas conversion.



0103914

- 18 -

9Le VET 9LZ —— JueTeATNDS MW
1°¢C NN} | S X4 - u/a
‘poonpoad sutToseb +mU
0°S6 0°¥C 8° 1S —— % ‘dens stsayjuis ut
polIeAucO seb STsoUuis
L8Y z68 68 €99 JusTeATNbS MA
91 89¢ 89¢ 661 U/eWN 0T
‘poonpoad seb sTseUuig
79 0811 0811 8.8 JueTeATnbe M
VUEL S VET S PET 0°00T A9 U/3 ‘Arddns TeoD
soa &q perddns soa Aq petrddns
asjem Jo I9qem Jo
uotjeztiodea JO uotjezraodea JoO
Jesy Jo %09 Jeay JO %001
aurToseb 'ltotaoeTe ‘ J3TOTI309TD KtotIo9Te
Atuo pue autrToseD pue auriosen Kfuo
a 0 g 4 auLyos

a FIevd




0103914

- 19 =

6°CV | % 4 . 8°0¢ 6°9¢ %
1 (syonpoad [nyesn o3 Teod)
AousToTIge Teurayl
6°99 T°LS Z°L9 L 8% $ ‘ (sjonpoxd Tngesn
03 seb sTseyzuis)
KousToTIJe TawrdyL
9Lz 605 665 XA M ‘peonpoxd
Abxous Tngyosn TeIOL
- GLE XA €ce Te30L
— et T eot I ouTqIy weels
- 1ce 09T A YA autTqany sed
MA ‘pejexeusd AQTOTIIOOTH
sod Aq petiddns soa Aq patrddns
asjem Jo Is3em Jo
uotjeztaodea Jo uotjezrrodea JO
Jesy JO %0S Je9y JO %001
autToseb 1 [ TOTI09TD 1 }310TI309T® KytotXyoore
ATuo pue SUTTOSED pue auTToseD Auo
a ) d ¥ auRUOS

(p,3UCD) d FIGVL




10

15

20

25

30

s ¢«
(4

0103914
- 20 -

CLAIMS

1. A process for the generation of power and the preparation
of liquid hydrocarbons, characterized in that of a mixture of
carbon monoxide and hydrogen less than 70%v is converted by
means of a hydrocarbon synthesis carried out above 300°C, that
fram the reaction product are separated a liquid fraction which
camprises the desired hydrocarbons and a gaseous fraction which,
in addition to unconverted carbon monoxide and hydrogen,
camprises light hydrocarbons formed during the synthesis and
which latter fraction is combusted, that the carbustion gas is
used for generating power in a gas turbine, that high pressure
steam is produced from water by pre-heating, vaporization and
superheating by using the hot exit gas of the gas turbine, that
the high-pressure steam is used for generating power in a steam
turbine and that at least part of the reaction heat from the
hydrocarbon synthesis is used in the vaporization stage of the
steam production.

2. A process as claimed in claim 1, characterized in that the
hydrocarbon synthesis is carried out at a temperature of
300-450°C, a pressure of 20-80 bar and a space velocity of
200-2000 N1 gas/1 catalyst/hour.

3. A process as claimed in claim 1 or 2, characterized in that
it is applied to a synthesis gas having a HZ/CO molar ratio in
the range between 0.25 and 2.0.

4. A process as claimed in claim 3, characterized in that it
is applied to a synthesis gas cbtained in the gasification of
coal at a temperature of 900-1500°C and a pressure of 10-100
bar.

5. A process as claimed in any one of claims 1-4, characterized
in that it is used for the generation of electricity and for the
preparation of gasoline.
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6. A process as claimed in any one of claims 1-5, characterized
in that all the heat required for the vaporization of water in
the steam production is supplied by the hydrocarbon synthesis.

7. A process as claimed in any one of claims 1-6, characterized
in that an increase in demand for power is met by reduction of
the conversion in the hydrocarbon synthesis, resulting in more
synthesis gas becaming available for use as fuel gas for the
generation of power.

8. A process as claimed in claim 7, characterized in that
reduction of the conversion in the hydrocarbon synthesis is
achieved by feeding part of the synthesis gas into the gas
turbine by way of a by-pass around the synthesis reactor.

9. A process for the generation of power and the preparation

of liquid hydrocarbons as claimed in claim 1, substantially as
described hereinbefore and in particular with reference to the
exanple. -

10. Power whenever generated and liquid hydrocarbons whenever
prepared according to a process as described in claim 9.



