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(54) System for power generation

(57)  The invention relates to a system for power
generation comprising a turbine system and a power
generating system connected to said turbine system,
wherein the said turbine system comprises:

- a) a compressor means (2) provided with an inlet
for oxygen-containing gas, an outlet for com-
pressed oxygen-containing gas and inlet means (7)
for supplying fluid to said compressor means for
cooling the said oxygen-containing gas;

- b) a combustion means (11) provided with a non-
gaseous fuel inlet and a flue gas outlet, said com-

bustion means being connected with the said outlet
for compressed oxygen-containing gas of the said
COMpressor means;

¢) a gas turbine means (9) connected with said flue
gas outlet of the said combustion means and being
provided with an outlet for exhaust gases;

d) a recuperator means (17) connected with 1 the
said outlet for compressed oxygen-containing gas
of the said compressor means and 2 the said outlet
for exhaust gases of the said gas turbine means, for
mutual heat exchange.
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Description

The present invention relates to a system for power
generation from non-gaseous fuels. Such systems gen-
erally comprise a turbine system, comprising both gas
turbines and steam turbines, and a power generating
system. At present the efficiency of the best known sys-
tems for power generation from non-gaseous fuels is
about 40 -45 %. In such systems for power generation
there is a need to improve their performance and their
efficiency. It is an object of the present invention to pro-
vide a system for power generation having an increased
efficiency, in particular above 45% and more in particu-
lar 46-52%.

The invention therefore provides a system for
power generation from non-gaseous fuels comprising a
turbine system and a power generating system con-
nected to said turbine system, wherein the said turbine
system comprises:

- a) a compressor means provided with an inlet for
oxygen-containing gas, an outlet for compressed
oxygen-containing gas and inlet means for supply-
ing fluid to said compressor means for cooling the
said oxygen-containing gas;

- b) a combustion means provided with a non-gase-
ous fuel inlet and a flue gas outlet, said combustion
means being connected with the said outlet for
compressed oxygen-containing gas of the said
compressor means;

- ¢)agasturbine means connected with said flue gas
outlet of the said combustion means and being pro-
vided with an outlet for exhaust gases;

- d) a recuperator means connected with 1 the said
outlet for compressed oxygen-containing gas of the
said compressor means and 2 the said outlet for
exhaust gases of the said gas turbine means, for
mutual heat exchange;

In an advantageous embodiment of the present
invention the fluid is supplied directly to the oxygen-con-
taining gas in and/or after the compressor means and
the cooling is essentially obtained by evaporation of the
fluid.

Further, advantageously, the exhaust gas from the
gas turbine means is expanded to a sub-atmospheric
pressure of 0.2 - 0.8 bara.

In another advantageous embodiment the exhaust
gases leaving the gas turbine means are cooled and
water is condensed out.

In another advantageous embodiment of the inven-
tion at least part of the exhaust gas from said gas tur-
bine means is recycled to the inlet of the oxygen-
containing gas of said compressor means.

Still more advantageously, at least part of the
exhaust gas from the gas turbine means is used to sup-
ply heat for drying of the fuel in a drier.

Advantageously an organic fuel is used in said
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power generating system.

Advantageously the flue gas outlet of the combus-
tion means passes through a gas cleaning means.

Further advantageously the flue gas is cleaned in
the combustion means.

More advantageously the exhaust gases leaving
the gas turbine means are cleaned.

Still more advantageously the exhaust gases
routed to the stack are cleaned.

Advantageously part of the heat developed in the
power generating system is used for heating purposes.

More advantageously the condensation takes place
in two consecutive steps.

The present invention will now be described in more
detail by way of example by reference to the accompa-
nying drawings, in which:

Fig.1 represents schematically a power generation
system according to the present invention;

Fig.2 represents schematically an advantageous
embodiment of the present invention;

Fig.3 represents schematically another advanta-
geous embodiment of the present invention; and
Fig.4 represents schematically still another advan-
tageous embodiment of the present invention.

The drawings show in:

Fig. 1-4 flow sheets of power stations according to
the present invention.

Fig. 1 shows a power station 1 according to the
present invention. This power station 1 comprises a
compressor unit 2 for quasi-isothermal compression.
The compressor unit 2 comprises an oxygen-containing
gas inlet 3 and a compressed outlet for oxygen-contain-
ing gas 4. The compressor unit 2 is further provided with
means 5 for direct water cooling of oxygen-containing
gas in the compressor unit. Thereto the means 5 com-
prise a water inlet 6 and waterpipes 7. Furthermore, it is
possible to supply water into the compressed oxygen-
containing gas outlet 4.

The compressor unit 2 is mounted on a shaft 8 to
which is connected a turbine 9 and a generator 10.

The compressed oxygen-containing gas outlet 4 is
connected to a combustion means 11 to which is also
added fuel via a fuel inlet 12 via a fuel pressurizing
device 13. This fuel is non-gaseous and therefore may
consist of particulate fuel, liquid fuel and/or mixtures
thereof.

The flue gas outlet 14 of the combustion unit 11 is
provided with a flue gas cleaning unit 15. Subsequently
the flue gas is expanded in the turbine 9 and the
exhaust gas leaves the turbine 9 via the turbine exhaust
gas outlet 16. This outlet 16 passes through a recuper-
ator 17 for heat exchange with compressed oxygen-
containing gas that passes through the recuperator 17
via the compressed oxygen-containing gas outlet 4 of
the compressor means 2. Finally the cooled exhaust
gas is routed to a stack via duct 18.
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It is noted that a by-pass line 19 may be arranged
over the combustion and/or cleaning unit providing an
opportunity to control the combustion and/or the turbine
temperature.

Fig. 2 shows a power station 20 of which unit oper-
ations and processes similar to those of the power sta-
tion 1 of Fig. 1 are referred to by using the same
reference numbers. In power station 20 the compressor
means 2 comprises two consecutive compressors 21
and 22 for compressing oOxygen-containing gas to
respectively 0,8 bara and 8 bara. After each oxygen-
containing compression stage water is directly injected
for cooling and to that end the direct water cooling
means 5 comprise water inlets 23 and 24.

In this case the fuel supplied via the fuel inlet 12
consists of coal which is combusted at a low pressure of
8 bara and slash is removed from the combustion
means 11 via the slash outlet 25. In this case the com-
bustion means may consist of a fluidized bed. Cooled
flue gas is routed via duct 18 to a stack 32. The effi-
ciency of the power station 20 is about 48.0%. Finally it
is noted that the shaft 8 and the generator 10 are omit-
ted for reasons of clarity.

Fig. 3 shows a power station 26 having a lay-out
similar to the power station 20 of Fig. 2. Same or equiv-
alent operation units and processes as for the power
station 20 are referred to by the same reference num-
bers in Fig. 2.

The power station 26 is provided with a subatmos-
pheric expansion turbine means 27 expanding exhaust
gas to a subatmospheric pressure of about 0.5 bara.
This flue gas passes through the recuperator 17 and
subsequently through a condensor unit 28. In the con-
densor unit 28 heat and condensate are removed in a
cooler 29 and a condensor 30 respectively. The cooler
29 may be substituted for another condensor such that
two types of condensate may be obtained of which the
condensate originating from the condensor 30 is the
most pure.

Subsequently, the dry cool exhaust gas is com-
pressed in a compressor 31 to atmospheric pressure
and subsequently released into the atmosphere via the
stack 32.

The power station efficiency is about 50%.

Finally, Fig. 4 shows a power station 33 for firing wet
biomass. The lay-out of this power station 33 is similar
to the power station 20 of Fig. 2 and similar or equiva-
lent unit operations and processes are referred to by the
same reference numbers.

Wet biomass supplied via the biomass inlet 12 is
first dried in a biomass dryer 34 using the low tempera-
ture heat (about 140°C) of the exhaust gas leaving the
recuperator 16 via the outlet 35. The dry and heated
(110°C) biomass is fed via a pressurizing device 13 to
the combustion unit 11. Any combustion ash is removed
from the flue gas cleaning unit 15 via the outlet 36.

The power station efficiency is dependent on the
operation parameters about 50 t0 54%.
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It will be appreciated that various modifications of
the present invention will be apparent to those skilled in
the art from the foregoing description. Such modifica-
tions are intended to fall within the scope of the
appended claims.

Claims

1. A system for power generation comprising a turbine
system and a power generating system connected
to said turbine system, wherein the said turbine
system comprises:

- a) a compressor means provided with an inlet
for oxygen-containing gas, an outlet for com-
pressed oxygen-containing gas and inlet
means for supplying fluid to said compressor
means for cooling the said oxygen-containing
gas,

- b) a combustion means provided with a non-
gaseous fuel inlet and a flue gas outlet, said
combustion means being connected with the
said outlet for compressed oxygen-containing
gas of the said compressor means;

- ¢) a gas turbine means connected with said
flue gas outlet of the said combustion means
and being provided with an outlet for exhaust
gases;

- d) a recuperator means connected with 1 the
said outlet for compressed oxygen-containing
gas of the said compressor means and 2 the
said outlet for exhaust gases of the said gas
turbine means, for mutual heat exchange;

2. The system as claimed in claim 1 wherein said fluid
is directly supplied to the oxygen-containing gas in
and/or after the compressor means and the cooling
is essentially obtained by evaporation of said fluid.

3. The system as claimed in any of claims 1-2,
wherein the said exhaust gases from the said gas
turbine means are expanded to a sub-atmospheric
pressure of 0.2 - 0.8 bara.

4. The system as claimed in any of the claims 1-3,
wherein the exhaust gases leaving the gas turbine
system are cooled and water is condensed out.

5. The system as claimed in any of the claims 1-4,
wherein at least part of the exhaust gas from said
gas turbine means is recycled to the said inlet for
oxygen-containing gas of said compressor means.

6. The system as claimed in any of the claims 1-5,
wherein the fuel is dried in a dryer for which the
heat required is taken from the exhaust gas from
the gas turbine means.
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The system as claimed in any of the claims 1-6,
wherein the non-gaseous fuel is an organic mate-
rial.

The system as claimed in any of the claims 1-7,
wherein the flue gas outlet of the combustion
passes through a gas cleaning unit.

The system as claimed in any of the claims 1-8,
wherein the gas is cleaned during combustion.

The system as claimed in any of the claims 1-9,
wherein the exhaust gases are cleaned after leav-
ing the gas turbine means.

The system as claimed in any of the claims 1-10,
wherein the exhaust gases which are routed to the
stack are cleaned.

The system as claimed in any of the claims 1-11,
wherein part of the heat developed in the power
generating system is applied for heating purposes.

The system as claimed in any of the claims 1-12,
condensation takes place in two consecutive steps.
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