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Process to obtain a compressed gas.

The invention is directed to a process to increase pressure and temperature of a feed gas by means of
indirect heat exchange against a fluid having a higher temperature to obtain a gas high in pressure and
temperature in a system. The system comprises a fluidly interconnected inlet zone, a heat exchange
zone, a product gas zone and a low pressure outlet zone.
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PROCESS TO OBTAIN A COMPRESSED GAS

Field of the invention

The invention is directed to a process to obtain a compressed gas starting
from a starting gas having a lower pressure.

Background of the invention

Compressing gas is a well known process. Typically compressors are used to
compress a gas. Gas compression is for example part of a gas turbine process to
generate power. US-A-2011/0088404 describes a process wherein air is compressed
in a gas compressor. The compressed air is combusted with a fuel and the resulting
hot process gas is expanded in an expander. The expander is coupled to a device to
convert the rotational energy to power, e.g. electrical power. The energy required to
operate the compressor is typically delivered by the rotational energy of the expander
by a direct coupling of the compressor and the expander as shown in Figure 1 of this
publication. This publication also describes the use of a source of waste heat to be
used to heat partially compressed air as obtained in the compressor. This heated air
is used to generate additional power in a lower pressure expansion stage.

BE1016500 describes a process wherein air is compressed in several
compression stages. The compressed air is used in a combustion turbine. Before
being compressed the air is heated using heat recovery from the exhaust gas of the
turbine.

US2011/036097 describes a rotary regenerative heat exchanger for heat
exchange between a compressed gas and the exhaust gas of a combustor.

A disadvantage of a traditional gas turbine process as illustrated above is that
a large compressor is required. A further disadvantage is that the energy to operate
the compressor is provided by the rotational energy of the expanders of the gas
turbine. Thus part of the energy obtained in the expanders is used for compressing
the combustion air. This coupled system makes the gas turbine process expensive
and less efficient. It is an object of the present invention to provide an alternative
process for compressing a gas.

Summary of the invention

This invention is directed to a process to increase pressure and temperature of
a feed gas by means of indirect heat exchange against a fluid having a higher

temperature to obtain a gas high in pressure and temperature in a system comprising
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a fluidly interconnected inlet zone, a heat exchange zone, a product gas zone and a
low pressure outlet zone and wherein the following steps are performed:

(a) moving the content of the inlet zone comprising the feed gas to the
heat exchange zone, the content of the heat exchange zone to the low pressure
outlet zone and the content of the low pressure outlet zone to the inlet zone,

(b) enclosing the heat exchange zone and maintaining the gas in the
heat exchange zone for a time sufficient to increase pressure and temperature of the
gas by means of indirect heat exchange against the fluid wherein the gas high in
pressure and temperature is discharged to the product gas zone, and repeating steps
(a)-(b) in a further cycle wherein a fresh part of the feed gas is present in the inlet
zone.

Applicants found that the process according to the invention a gas can be
compressed by making use of a fluid having an elevated temperature. A further
advantage is that a compressed gas can be obtained having a higher temperature
than the feed gas. This process can advantageously be used in combination with for
example a gas turbine, wherein the process according to the invention is used to
further compress a partially compressed air flow as obtained in the compressor of a
gas turbine process. This is advantageous, because such a set-up would require a
smaller air compressor and by consequence a smaller expander to generate the
same amount of power as compared to a gas turbine process not using the new
process.

Further advantages and preferred embodiments will be described below.

Brief description of the drawings

Figure 1 is a schematic representation of the process according the invention.

Figure 2 is a schematic representation of a further embodiment of the process
according the invention.

Figure 3 is a schematic representation of a further embodiment of the process
according the invention.

Figure 4 shows a configuration for feeding a heat exchanger.

Figure 5 shows a distributor and part of the vessels of a configuration which
may be combined with the process according to the invention.

Figure 6 shows a configuration including a rotating distributor and rotating heat

exchange distributor.



10

15

20

25

30

Figure 7 shows a process flow scheme of a process to generate energy using
the process according to the invention.

Figure 8 shows a process flow scheme of a process to generate electricity
using the process according to the invention.

Detailed description of the invention

The invention is directed to a process to obtain a gas high in pressure and
temperature starting from a feed gas making use of the energy contained in the fluid
having a higher temperature. This source of energy is different from the rotational
energy required to operate a compressor, which is either electrically powered or
coupled to an expander as in US-A-2011/0088404. Fluids having an elevated
temperature may be exhaust gasses from other processes, exhaust gas from a
melting furnaces, gas turbine, gas or diesel engines, incinerators or combinations of
said fluids either used in admixture or sequential. A possible fluid may be, optionally
partially, generated by on-purpose combustion of a fuel. Possible fuels are hydrogen,
synthesis gas or solid, fluid or gaseous carbonaceous fuels, for example natural gas,
refinery off-gas, a biomass solid, fluid or gas fuel, a domestic waste fuel, crude oil
derived fuel, e.g. kerosene, diesel fuel or bunker fuel. Suitably a mixture comprising
an exhaust gas from another process and the combustion gasses generated by this
on-purpose combustion of a fuel is used as the fluid having the elevated temperature.

In the process according the invention a fresh part of the feed gas is present in
the inlet zone in a further cycle. This may be achieved by simply feeding the fresh
part of the feed to this inlet zone. Preferably this is achieved wherein during step (b)
a fresh gas zone comprising part the fresh part of the feed replaces the inlet zone to
become the inlet zone of step (a) in the next cycle and the thus replaced inlet zone
replaces the low pressure outlet zone to become the low pressure outlet zone of step
(a) in the next cycle. Suitably during step (b) the thus replaced low outlet pressure
zone becomes a driving gas zone in a next cycle.

In the above process the gas zones containing a certain mass of gas having a
temperature and pressure connects to the inlet and outlet conduits of the gas zone
which is replaced. This will be illustrated further in this description.

Suitably the driving gas zone is fluidly connected to the fresh gas zone
wherein the high pressure of the driving gas zone levels with the lower pressure of
the fresh gas zone. This connection is performed before the fresh gas zone becomes

the inlet zone. This pressure levelling is advantageous because use is made of the
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high pressure of the gas present in the driving gas zone to increase the pressure of
the fresh gas. In order to make optimal use of the pressure of the driving gas such

levelling may be repeated. Suitably a pre-feed having a lower starting pressure may
be increased in n levelling stages using the gas present in the driving gas zone. The

pressure of the pre-feed gas may be increased in n levelling stages to the pressure

level of the fresh gas zone, wherein the nth levelling stage is wherein the driving gas

zone is fluidly connected to the fresh gas zone performed as described above. The

remaining part of the driving gas after performing the nth levelling stage is used to
increase the pressure of the pre-feed gas in the remaining (n-1) levelling stages.

In the above process the driving gas stage will become a next driving gas
stage (stage n-1) in a further cycle. This next driving gas zone will level in pressure
with a future fresh gas zone. This future fresh gas zone will become the above fresh
gas zone in a next cycle. The foregoing is repeated for the remaining (n-2) levelling
stages. Any driving gas remaining after performing the first levelling stage is
discharged from the respective gas zone. Suitably this emptied gas zone is provided
with the pre-feed gas in a further cycle to become a pre-feed gas zone. This pre-feed
gas zone subsequently levels with the remaining driving gas in the first levelling
stage in a further cycle.

In step (a) the content of the inlet zone comprising the feed gas is moved to
the heat exchange zone, the content of the heat exchange zone is moved to the low
pressure outlet zone and the content of the low pressure outlet zone is moved to the
inlet zone. Moving the content from one zone to another in step (a) is suitably
performed by using a gas driving means, such as for example a ventilator or any
other means which create a positive flow from one zone to the other. The driving
means do not necessarily create a pressure increase. Thus the energy requirements
may be limited for moving the gas from one zone to the other.

Preferably steps (a)-(b) and the cycle described above for the gas levelling are
continuously repeated to obtain a continuous flow of gas high in pressure and
temperature starting either from fresh gas or a pre-feed gas.

The process according to the invention shall be described making use of
Figures 1-7. In Figure 1 illustrates a system comprising a fluidly interconnected inlet
zone 219, heat exchange zone 222 and low pressure outlet zone 218. Further a

transport line 223 is shown fluidly connecting inlet zone 219 with heat exchange zone
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222. In transport line 223 a valve 224 is shown. Further a transport line 225 is shown
fluidly connecting heat exchange zone 222 with low pressure outlet zone 218. In
transport line 225 a valve 226 is shown. Heat exchange zone 222 is further provided
with inlet 227 and outlet 228 for the fluid having a higher temperature. Also shown is
a discharge transport line 229 for the gas high in pressure and temperature to a
product gas zone 230. In this line 229 a one-way valve 231 is present which allows
pressurised gas to pass one way towards the product gas zone 230 when the gas in
the heat exchange zone 222 has a pressure above a threshold pressure.
Furthermore a connecting transport line 231 is shown fluidly connecting low pressure
outlet zone 218 with inlet zone 219. In this transport line 232 a gas pump 233, for
example a ventilator, is present.

In step (a) gas is transported from inlet zone 219 to heat exchange zone 222.
At the same time the content of heat exchange zone 222 is moved to low pressure
outlet zone 218 replacing the content in low pressure outlet zone 218. This replaced
content moves to the inlet zone 219. Valve 224 are 226 are open and gas pump 233
is activated to achieve a positive circulating flow from inlet zone 219 via heat
exchange zone 222 to low pressure outlet zone 218 and back to inlet zone 219.

In step (b) both valves 224 and 226 are closed and the gas is kept in heat
exchange zone 222 for a time sufficient to increase pressure and temperature of the
gas by means of indirect heat exchange against the fluid supplied via 227 and
discharged via 228. The fluid supplied via 227 and discharged via 228 may flow
continuously or intermittently. The temperature of the fluid supplied via 227 may be
between 100 and 1000 °C or between 175 and 850 °C or between 250 and 400 °C.
The pressure and temperature will increase and a gas high in pressure and
temperature is obtained. Preferably part of the gas high in pressure and temperature
is discharged to a product gas zone 230 when the pressure increases to above the
threshold value of one-way valve 231.

The valves 224 and 226 are illustrative for any kind of flow interruption means
and especially for the flow interruption means described further in this specification.

Preferably steps (a)-(b) are continuously repeated to obtain a continuous flow
of gas high in pressure and temperature. When performing step (b) a fresh gas zone
220 containing the fresh part of the feed is connected to transport line 223 and
transport line 232 to become inlet zone 219. Former inlet zone 219 is connected to

transport lines 225 and 232 to become the low pressure outlet zone 218 of the further
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cycle and the thus replaced zone 218 becomes driving gas zone 217. Driving gas
zone 217 is fluidly connected via transport line 237 with a next fresh gas zone 220.
The pressure of the fresh zone 220 is the resultant of the high pressure gas provided
to driving gas zone 217 and the pressure of the gas originally present in fresh gas
zone 220 before levelling with driving zone 217. In a continuous process operating
under steady-state conditions the pressure in new inlet zone 219 will have the same
temperature and pressure properties as the gas present in fresh zone 220 of the
previous cycle after levelling as described above. This reconnecting of zones 220,
219, 218 and 217 is preferably performed in a process and apparatus described here
below.

The steps (a)-(b) of the above process may be performed in parallel operated
heat exchange zones. At one moment in time it can be imagined that one heat
exchange zone is being filled and discharged according to step (a) and one or more
parallel operated heat exchange zones are performing step (b).

The feed or pre-feed gas may be any gas which needs to be increased in
temperature and pressure. An example of a gas is steam, for example saturated
steam, which may be increased in pressure and temperature to obtain steam having
a higher energy content. This steam may be used to drive a steam turbine to
generate electricity. The gas may also be for example nitrogen, carbon dioxide,
ammonia and non-flammable gasses, such as for example Freon. Another suitable
feed or pre-feed gas is oxygen, oxygen enriched air, air or any other oxygen
comprising gas. These oxygen comprising gasses may suitably be used as feed
component of a combustor as part of a gas turbine or be directly fed to an expander,
optionally after further increasing the temperature. In this preferred embodiment part
of the fluid having a higher temperature is comprised of the exhaust gas of the
expander of the gas turbine. The compression of air as by the process according to
the invention may also be used as a first step in a cryogenic air separation process.

The temperature of the pre-feed gas is suitably as low as possible, preferably
below 50 °C and even more preferably below 20 °C. Low temperature is
advantageous because it increases the capacity of a given apparatus in which the
process of this invention can be performed. The pressure of the starting gas may be
between 0.1 and 0.6 MPa. If the starting gas is an oxygen comprising gas for use as

feed component of a combustor as part of a gas turbine or as a feed to an expander
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it is preferred that the starting gas has a pressure of between 0.11 and 0.6 MPa,
preferably obtained in a compressor.

The feed gas as used in step (a) may have a pressure of between 0.2 and 5
MPa and suitably between 0.2 and 3 MPa. In steps (a)-(b) the pressure and
temperature of a feed gas is increased by means of indirect heat exchange against
the fluid having a higher temperature to obtain a gas high in pressure and
temperature.

The compressed gas as obtained in the product zone is suitably between 0.14
and 5 MPa or between 0.14 and 3 MPa. The temperature is suitably between 50 and
550 °C. The pressure increase may be between 0.04 and 5 MPa and between 0.04
and 2.5 MPa as calculated either starting from the feed gas or the pre-feed gas. By
increasing the number of levelling stages it is possible to achieve higher increases in
pressure.

Figure 2 shows how the driving gas may be mixed in one or more steps with
the pre-feed gas to obtain the fresh part of the feed gas having a higher pressure
than the pre-feed gas. Figure 2 shows the configuration with the inlet zone 219, the
heat exchange zone 222 and the low pressure outlet zone 218 of Figure 1. Figure 2
also shows, in addition to the fresh gas zones 220 and driving gas zone 217 of
Figure 1, a number of further driving gas zone 215, 216, fresh gas zones 201, 202,
filing gas zone 203 and discharge gas zone 214. Filing gas zone 203 is fluidly
connected with an inlet 234 to receive a pre-feed gas. Gas zone 202 is fluidly
connected to driving gas zone 215 via transport line 235. Gas zone 201 is fluidly
connected to driving gas zone 216 via transport line 236. Gas zone 220 is fluidly
connected to driving gas zone 217 via transport line 237. Gas zone 214 is connected
to a gas vent 238. In the process simultaneously

filing gas zone 203 moves to position of fresh gas zone 202,

fresh gas zone 202 moves to position of fresh gas zone 201,

fresh gas zone 201 moves to position of fresh gas zone 220,

fresh gas zone 220 moves to position of inlet zone 219,

inlet zone 219 moves to position of low pressure outlet zone 218,

low pressure outlet zone 218 moves to position of driving gas zone 217,

driving gas zone 217 moves to position of driving gas zone 216 ,

driving gas zone 217 moves to position of driving gas zone 216,

driving gas zone 216 moves to position of driving gas zone 215,
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driving gas zone 215 moves to position of discharge gas zone 214 and

discharge gas zone 214 moves to position of filing gas zone 203 in a step wise
fashion.

When the zones are moved the transport lines 234, 235, 236, 237, 223, 225
and 232 remain in the same position as shown in Figure 2. Alternatively the zones
may remain in the same position as in Figure 2 and the transport lines are moved in
a step wise fashion to achieve the same result. Preferably the steps of moving a
zone to a next zone position are continuously repeated to obtain a continuous flow of
compressed gas. Preferably one cycle of steps, wherein a cycle is defined in that a
zone returns to its starting position, is performed between 1 and 2000 times per
minute.

As explained above driving gas zone 217 can level in pressure with fresh gas
zone 220. The same levelling also takes place between driving gas zone 216 and
gas zone 201 and between driving gas zone 215 and gas zone 202. In this
description such a connection between a driving gas zone and a gas zone is referred
to a levelling stage. Preferably the pressure of the gas in driving gas zone 214 is
close to the pressure of the pre-feed supplied to gas zone 203 such to make the
most use of the high pressure of the driving gas.

In the above process of Figure 2 part of the gas high in temperature and
pressure is used as a driving gas to increase the pressure of the pre-feed gas in one
or more stages to obtain the feed gas for use in steps (a)-(b). Preferably the pressure
of the pre-feed gas is increased in n levelling stages, to obtain a gas present in the

fresh zone, wherein n is 2 or more. In the example illustrated in Figure 2 nis 3. In this
process part of the driving gas is added to the gas obtained in the (n-1 )th levelling

stage to increase the pressure of said gas in the nth levelling stage to obtain the gas

present in the fresh zone 220. Part of the remaining driving gas is added to the gas

obtained in the (n-2)th levelling stage in the (n-1 )th levelling stage. This sequence of
adding part of the remaining driving gas to the gas obtained in the previous stage is
continued for the remaining (n-2) levelling stages and adding the then remaining
driving gas to the pre-feed gas in the 1st levelling stage. If in the above process
driving gas remain after performing this 1st levelling stage it is suitably discharged.

The number n is suitably between 2 and 500 and preferably n is at least 4.
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The below table provides an illustration of the flows, temperatures and

pressures of the process of Figure 2 in an illustrative embodiment of the invention.

Vessel, transport Pressure | Temperature Flow
line or zone (bara) (°C) (kg/s)
234 1.5 21 0.226
202/235/215 3.06 99

201/236/216 3.28 106

220/2371217 3.5 228

219 (when 3.5 228

emptying)

229 4.4 230 0.226

The above process is preferably performed making use of a configuration
comprising of a number of interconnected vessels and a distributor. Each vessel
represents at one moment one of the above described gas zones, not including the
heat exchange zone or zones, and has a different status or state. In a configuration
of 2n+4 or more interconnected vessels, wherein n is the number of levelling stages,
at least 2n+4 vessels are each in a different state. The different states are State 1 to
State 2n+4:

State 1 is a filling state,

State 2 to State (n+1) is a state wherein the content of the vessel increases in
pressure by levelling,

State (n+2) is wherein the content of the vessel moves in step (a) a heat
exchange zone as described above to obtain the gas high in pressure and
temperature,

State (n+3) is a low pressure outlet state wherein the vessel receives the
content of the heat exchange zone in step (a),

State (n+5) to State (2n+3) are driving gas states wherein a part of the content
of the vessel in State (n+5) to State (2n+3) is used to level with the vessels in State 2
to State (n) as described above, and

State (2n+4) is a discharge state wherein the remaining driving gas is
discharged from the vessel.

The different states relate to the different gas zones of Figure 2. In Figure 2

three levelling stages are shown (n=3). Thus filing gas zone 203 is in State 1, fresh
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gas zone 202 is in State 2, fresh gas zone 201 is in State 3, fresh gas zone 220 is in
State 4, inlet gas zone 219 is in State 5, low pressure outlet gas zone 218 is in State
6, driving gas zone 217 is in State 7, driving gas zone 216 is in State 8, driving gas
zone 215 is in State 9 and discharge gas zone 214 is in State 10. The vessels of the
process continuously change their state from State 1 to State (2n+4) after which they
return to State 1.

As described above State (n+4) to State (2n+3) are states wherein a part of
the content of the vessel in State (n+4) to State (2n+3) is used to level with the
vessels in State 2 to State (n+1). Because levelling suitably is performed making use
of the pressure difference a vessel in State (n+4) will level with the vessel in State
(n+1), the vessel in State (n=5) will level with the vessel in State (n), wherein this is
repeated until the vessel in State (2n+3) levels with the vessel in State (2).

The above process is illustrated by Figure 3, which shows a configuration in
which simultaneously 4 levelling stages take place (n=4). The situation for a single
cycle is shown. In Figure 3 a pre-feed gas 13 is added to a vessel 1 in State 1. Part
of the remaining driving gas of vessel 11 in State 11 is added via connecting conduit
20 to vessel 2 in State 2 in first levelling stage thereby increasing the pressure of the
gas in vessel 2. Part of the remaining driving gas of vessel 10 in State 10 is added
via connecting conduit 21 to the vessel 3 in State 3 in a second levelling stage. Part
of the remaining driving gas in vessel 9 in State 9 is added via connecting conduit 22
to the vessel 4 in a third levelling stage. Part of the remaining driving gas in the
vessel 8 is added via connecting conduit 23 to the vessel 5 in a fourth levelling stage.
In the same cycle the contents of the vessel 6 in State 6 is discharged to a an indirect
heat exchanger 19 and the content of the heat exchanger or part of the heat
exchanger 19 is discharged to vessel 7 making use of ventilator 25 as in step (a). By
moving vessel 6 to the position of vessel 7 and moving vessel 7 to the position of
vessel 8 the connection to the heat exchanger is temporarily closed. During this
period step (b) may be performed wherein the pressure in enclosed heat exchanger
19 increases and a gas high in temperature and pressure is directly discharged from
the heat exchanger 19 via line 17. From the vessel 12 in State 12 the remaining
driving gas 18 is discharged from the vessel. In a next cycle this specific vessel will
change to State 1 and is ready to be filled again. Simultaneously the state of all the
remaining vessels will change to the next state. In such a cycle the vessels move one

position counter clockwise in Figure 3, as illustrated by the arrows, wherein the
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supply, discharge and connecting conduits 13, 14, 16, 17, 18, 20, 21, 22 and 23
remain in position. This means that in a next cycle step the supply, discharge and
connecting conduits 13, 14, 16, 17, 18, 20, 21, 22 and 23 physically connect to a
different vessel. By performing these cycles one after the other a continuous process
is obtained to increase the pressure of the starting gas.

The process as illustrated by Figure 1 may be performed using a configuration
provided with valves, wherein valve 224 and 226 are fast switching valves. Preferably
a configuration is used having no such valves. Instead of the valves use is made of a
rotating heat exchange distributor as illustrated in Figure 4. Figure 4 shows how inlet
zone 219, low pressure gas zone 218 and driving gas zone 217 connected to a heat
exchange zone 222. Such a heat exchange distributor 239 comprises of a fixed part
240 or parts and a rotating part 244. The fixed part 240 is provided with an inlet
channel 241 fluidly connected to transport line 223 for supply of gas from inlet zone
219, with outlet channel 243 connected to the transport line 225 for supply of gas to
low pressure outlet zone 218. In the situation shown in Figure 4 transport line 246 is
fluidly connected to transport line 223 via inlet channel 241 in fixed part 240 and a
connecting channel 248 in the rotating part 244. Transport line 247 is connected to
transport line 225 via outlet channel 243 in fixed part 240 and a connecting channel
249 in rotating part 244. Thus gas transport is possible between heat exchange zone
222 and zones 218 and 219 to perform step (a). In other words valve 224 and 226 of
Figure 1 or 2 are open for heat exchange zone 222.

The connecting channels in rotating part 244 are designed such that in a next
rotational position transport lines 223 and 225 do not connect via a connecting
channel in the rotating part 244. The heat exchange zone 222 will then be enclosed
and step (b) may take place. The gas high in temperature and pressure will be
discharged to a product gas zone 230 via transport line 229. The frequency at which
the gas zones change to a new state as described above and the time at which the
heat exchange zone is enclosed may be sufficient to allow the pressure to build up in
heat exchange zone. Alternatively a separate heat exchange distributor may be used
which can keep the heat exchange zone enclosed for a sufficient time to build up
pressure independently from the frequency at which the gas zones change their
state.

The process described in Figure 3 may be performed in a configuration

described below.
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Configuration comprising a distributor, a heat exchanger, a heat exchange
distributor and 2n+4 or more interconnected vessels, wherein n represents the
number of levelling stages and is 2 or more, each vessel having an inlet and an outlet
connected to the distributer, wherein the distributor is further provided with an inlet to
receive a pre-feed gas, an inlet and outlet connected to an outlet and inlet of the heat
exchanger, an outlet to discharge a remaining driving gas and an inlet to supply a
purging gas. The distributor may fluidly connect:

- an inlet conduit for a pre-feed gas to an inlet of a vessel of said configuration;

- an inlet of a vessel, an inlet of a different vessel and the outlet of yet another
vessel with the heat exchange distributor;

- n outlets to discharge a driving gas to respective n inlets of n other vessels
of said configuration; and

- an outlet conduit for purged gas to the outlet of a vessel of said configuration.

The heat exchange distributor is suitably a heat exchange distributor as
described above and for example illustrated in Figure 4.

The distributor is preferably comprised of an intermediate rotating part and two
fixed parts at its two opposite ends along the axis of rotation, wherein both fixed parts
are provided with inlet and outlet channels. The rotating part is provided with
connecting channels and wherein the rotating part is rotationally moveable relative to
the two fixed parts. The first and second fixed parts are provided with channels
connected to the inlet and outlets of the distributor. Part of the channels of a fixed
part may communicate with other channels of the same fixed part or the other fixed
part via the connecting channels present in the rotating part at a certain rotational
position of the rotating part relative to the fixed parts. At different rotational positions
of the rotating part a channel in one fixed part may communicate with a different
channel in same or other fixed part. In this manner one vessel may, for example, at
certain rotational position be connected to the inlet to receive the starting gas. In a
next rotational position the inlet of the same vessel may be connected to receive part
of the driving gas as discharged from another vessel. In this manner the process
according to the invention may be performed.

Suitably the moveable rotating part is mechanically connected to an external
driving means for achieving the rotational movement when in use. Examples of
suitable driving means are electrically driven motors, hydraulically driven motors and

fuel combustion driven motors.



10

15

20

25

30

13

The above configuration is illustrated by Figure 5. Figure 5 shows a
configuration 104 consisting of a distributor 24, interconnected vessels 211, 205, 212
and 206 and a heat exchanger 107. Vessel 212 is operating in State 1 (figure 3),
vessel 211 is operating in State 12 (see figure 3), vessel 205 is operating in State 6
(see figure 3) and vessel 206 is operating in state 7 (see figure 3). Vessels operating
in other states illustrated in Figure 3 are not shown in Figure 5 for clarity reasons.

Each vessel 211, 205, 212 and 206 has an inlet and an outlet connected to
distributer 24 by means of lines 211a, 211b, 205a, 205b, 212a, 212b, 206a and 206b
respectively. The distributer 24 is provided with an inlet to receive a pre-feed gas as
supplied via line 103. Heat exchanger 107 is represented in this Figure very
schematically for clarity reasons and is provided with an outlet to discharge a
compressed gas via line 108. The distributor 24 has an inlet and outlet connected to
an outlet and inlet of a heat exchanger 107 via lines 106 and 105 respectively. The
distributor has an outlet to discharge a remaining driving gas via line 109 and an inlet
to supply a purging gas via line 124.

The distributor 24 has an intermediate rotating part 26 and two fixed parts 27,
28 at its two opposite ends. The intermediate rotating part 26 is suitably a cylindrical
part. The part 26 is provided with channels 29. The rotating part 26 is rotationally
moveable relative to the two fixed parts 27, 28. Preferably the rotating part 26 rotates
within a housing (not shown). The, preferably tubular, housing connects the first and
second fixed parts 27 and 28. The first and second fixed parts 27, 28 are provided
with channels 30, 31 connected to the inlet and outlets of the distributor 24. Part of
the channels 30 of flange 27 communicate with other channels 30 of the same fixed
part 27 via the communicating channels 29 present in the rotating part 26 at a certain
rotational position of the intermediate part 26 relative to the fixed part 27. Channels
29, 30 and 31 are drawn schematically jus to illustrate that connections are possible.

In Figure 5 it is shown that distributor 24 fluidly connects the inlet line for
starting gas 103 with a vessel 212 via channels 31 in flange 28, channels 29 in
intermediate part 26 and line 212a. Via these lines vessel 212 is filled with the pre-
feed gas. Figure 5 also shows that the content of vessel 205 is discharged via line
205b, the channels 31 in flange 28, the channels 29 in intermediate part 26 and line
105 to heat exchanger 107. The heated and pressurised gas as discharged via line
108 in step (b) and via line 106 to be returned to a different vessel 206 in step (a).

Figure 5 also shows how vessel 211 is emptied from any remaining driving gas by
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flushing with a purging gas supplied via line 124, channels 31 in fixed part 28, a
connecting channel 29 in rotating part 26 and line 211a. The remaining driving gas
and the purging gas are discharged from vessel 211 via lines 211b, channels 30 in
fixed part 27 and line 109. By rotating the rotating part 26 to a next position different
connections are made such that the vessels of the configuration move up one stage
until they reach the final stage after which they start again at stage 1. Suitably every
vessel of the configuration will pass all states per full rotation of the rotating part 24.
Thus a vessel will return to its initial state when the rotating part 26 is rotated 360°.

The distributor 24 of Figure 5 can be scaled up for a larger capacity. At a
certain capacity the distributor will become too large to efficiently distribute the
gasses as explained above. In such a situation it may be advantageous to scale up
the vessels, such as the vessels 107, 211, 205, 212 and 206 as shown in Figure 5,
and use multiple distributors 24 operating in parallel and in synchronisation with each
other. In that manner one larger vessel is connected to another larger vessel via
more than one distributor at one moment in time. The vessels are thus
interconnected via more than one distributor and the distributors are configured in
parallel relative to each other. Figure 6 shows how a configuration of a heat
exchange distributor of Figure 4 and a distributor of Figure 5 can work together.
Figure 6 shows a distributor 24 fluidly connecting inlet zone 219 via transport line 223
and heat exchange distributor 239 to heat exchange zone 222. The outlet of heat
exchange zone 222 is fluidly connected via transport line 225 and distributor 24 to
low pressure outlet zone 218. Low pressure outlet zone 218 is in turn fluidly
connected to inlet zone 219 via transport line 232 and ventilator 233 such that a
positive flow of gas is possible from inlet zone 219 to heat exchange zone 222 when
performing step (a). The number between brackets refers to the vessel number used
in Figure 3.

By rotating heat exchange distributor 239 will enclose heat exchange zone
222 as illustrated in Figure 4. By heat exchange the temperature and pressure will
increase in this zone 222 and gas high in temperature and pressure is discharges via
transport line 229 to product gas zone 230.

By also rotating the rotating part of distributor 24 while heat exchange zone
222 is enclosed vessel 5 can be reconnected and become inlet zone 219, vessel 6
can become low pressure outlet zone 218, vessel 7 can become driving gas zone

217 according to the direction of the arrows. Vessel 8 will further move to a state 9 as
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shown in Figure 3. New fresh zone 220 is vessel 4 of Figure 3. The above shows
how the heat exchange distributor 239 and the distributor 24 can function together
and result in that the process according to the invention is performed.

In the above configuration of Figure 6 more than one heat exchange zone may
be connected to the heat exchange distributor 239, wherein the heat exchange
distributor 239 is designed to alternatingly connect one of the heat exchange zones
with distributor 24 to perform step (a) while the remaining zones are performing step
(b). Alternatively more than one configuration of distributor 24 and its communicating
vessels may be connected to one heat exchange distributor 239, wherein this one
heat exchange distributor 239 connects and disconnects each of such a configuration
with different heat exchange zone or zones.

The invention is also directed to a configuration suited to perform the above
process comprising one or more heat exchange zones 222, a fresh gas zone 220, a
gas inlet zone 219, a low pressure outlet zone 218, a product gas zone 230 and a
driving gas zone 217, wherein the configuration comprises

(i) means to connect and disconnect the heat exchange zone or zones to the
gas inlet zone and to the low pressure gas zone,

(i) means to replace the driving gas zone by the low pressure outlet zone, to
replace the low pressure outlet zone by the gas inlet zone, to replace the gas inlet
zone with the fresh gas zone and

The means mentioned above at (i) and (ii) may be the heat exchange
distributor and distributor as described above.

The invention is also directed to a process to generate electrical power by
means of a gas turbine, wherein said gas turbine uses a fuel and a compressed
oxygen comprising gas as feed and wherein the following steps are performed,

(aa) compressing an oxygen comprising gas by means of a compressor,

(bb) further compressing said oxygen containing gas by means of a
process as described above,

(cc) combusting the fuel with the compressed oxygen containing gas
obtained in step (b) to obtain a pressurised combustion gas and

(dd) expanding said combustion gas in an expander of a gas turbine

generating electrical power.
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Preferably a stream of expanded flue gas is obtained in step (dd) and wherein
this flue gas is used to increase the temperature of the compressed oxygen gas by
means of indirect heat exchange prior to performing step (cc).

Preferably step (bb) is performed by compressing said oxygen containing gas
by means of a process according to the present invention, and wherein the remaining
driving gas is combined with the flue gas after being reduced in temperature by
means of the heat exchange and wherein the resulting combined gas flow is used as
the fluid having a higher temperature in step (b). Preferably the combined gas flow is
increased in caloric value prior to be used as the fluid having a higher temperature in
step (b) by mixing said combined gas flow with an exhaust gas of another process or
by combusting an additional fuel. The additional fuel may be any gaseous, liquid or
solid fuel, such as for example natural gas, synthesis gas, hydrogen, refinery off-gas,
a biomass solid, such as wood, a domestic waste fuel and crude oil derived fuel, e.g.
kerosene, diesel fuel or bunker fuel.

The fuel used in step (cc) may suitably be the same as the above examples
described for the additional fuel. Suitably the fuel used in step (cc) is a gaseous or
liquid fuel, such as for example natural gas, synthesis gas, hydrogen, refinery off-
gas, and crude oil derived fuel, e.g. kerosene, diesel fuel or bunker fuel. Even more
preferably the fuel is a gaseous fuel, suitably natural gas, synthesis gas, hydrogen
and/or refinery off-gas.

The synthesis gas described above may be obtained by gasification of coal or
residual fractions derived from a crude oil. The hydrogen may be obtained by
subjecting synthesis gas, such as obtained by these gasification processes, to a
water-gas shift reaction.

The compressor used in step (aa) may be directly coupled to the expander of
the gas turbine used in step (dd) or preferably connected via a gear box to the
expander. This is advantageous when the fluid having a higher temperature as used
in the process comprises heated gasses obtained from another process. The
compressor may also be driven independently from the gas turbine, for example an
electrically driven compressor may be used. The mass flow of such, for example
exhaust, gasses may vary and thus the capacity to increase the pressure and
temperature may vary. By being able to control the compressor independently from

the expander such variations can be compensated for in an easier manner.
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The above process will be illustrated by Figure 7. To a compressor 102 an
oxygen comprising gas 101, for example air, is supplied to obtain a partly
compressed flow 103. This partly compressed gas flow 103 is further compressed in
a configuration 104 of Figure 5. In Figure 6 this configuration 104 is not drawn in
detail for clarity reasons. Figure 7 shows flow lines 105 and 106 for transport of the
contents of a vessel in State (n+2) to and from a heat exchanger 107. Through line
108 a flow of the resulting gas high in temperature and pressure is discharged from a
vessel of configuration 104. To empty the vessel from any remaining driving gas just
before fresh gas 103 is provided a fan 123 is used to which intake air pushes the
remaining driving gas as flow 124 from configuration 104 as flow 109.

The gas 108 is further increased in temperature in heat exchanger 110 to
obtain a heated gas 111. The compressed and heated oxygen in heated gas 111 is
used to combust a fuel 113 in a combustor 112 to obtain a pressurised combustion
gas 114. The pressurised combustion gas 114 is expanded in expander 115 to
generate power, e.g. electricity by operating a generator 116 or alternatively
rotational energy to drive other equipment, e.g. compressors. The stream of
expanded flue gas 117 thus obtained has a high temperature level and is used a
heating in heat exchanger 110 thereby obtaining a stream of exhaust gas 118 having
a lower temperature. In Figure 7 this exhaust gas 118 is combined with the remaining
driving gas 109 and with a flow 119, which may be the exhaust gas of another
process in mixer 120. The resulting combined flow 121 is used as the fluid having a
higher temperature in heat exchanger 107.

In the process illustrated by Figure 7 a flow 119 is mixed with flow 118 and
109. Alternatively or in addition a flow of any hot gas may also be used to increase
the temperature level of the pressurised combustion gas 114. Such heat exchange
will result in that less fuel 113 is required. It is even possible to reduce the fuel
consumption 113 to zero when a hot gas is used having sufficient heating capacity to
increase the temperature of the pressurised combustion gas 114 to above 900 °C
and preferably to above 950 °C. Preferably the hot gas has a temperature of above
600 °C, preferably above 800 °C and even more preferably above 950 °C. Examples
of such hot gasses may be the combustion gasses obtained when combusting or
partially combusting a carbonaceous feed or hydrogen. Examples of carbonaceous
feeds are biomass, coal, brown coal, oil derived from tar sands, gaseous

hydrocarbons, such as natural gas, methane, ethane, propane, LPG, refinery off-gas,
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crude oil and its fractions and derived products. The hot gas may also be the hot
gasses produced in a cement process, aluminium dry hearth melting processes,
copper scrap remelt furnaces, aluminium scrap remelt processes, iron reduction
process, after burner processes, regenerative thermal oxidizers and the high energy
streams as present in chemical and refinery processes, for example steam cracking
processes, delayed coking processes, FCC processes and gasification processes.

The process is therefore also directed to a process to generate electrical
power by means of a gas expander, wherein said gas turbine uses a fuel and
compressed oxygen comprising gas as feed and wherein the following steps are
performed,

(aaa) compressing an oxygen comprising gas by means of a
compressor,

(bbb) further compressing said oxygen containing gas by enclosing part
of said gas and increasing the heat and pressure of the enclosed gas by indirect heat
exchange against a fluid having a higher temperature thereby obtaining a gas having
a higher temperature and pressure,

(ccc) further increasing the temperature of the gas obtained in step (bbb)
by indirect heat exchange against a hot gas and by indirect heat exchange against
the expanded gas obtained in step (eee)

(ddd) optionally combusting a fuel with the gas obtained in step (ccc) to
obtain a pressurised combustion gas and

(eee) expanding the gas obtained in step (ccc) or the combustion gas
obtained in optional step (ddd) in the expander to obtained expanded gas and
wherein the expander is coupled to a generator to generate electrical power.

In the above process step (bbb) is preferably performed by the process to
increase pressure and temperature of a feed gas by means of indirect heat exchange
according to the present invention. The hot gas may be as described above. The fuel
may be as used in step (cc) of the process described above.

The above process wherein optional combustion step (ccc) is omitted is
illustrated in Figure 8. The same references in Figure 8 have the meaning of those
used in Figure 7. Figure 8 shows an embodiment wherein the hot gas and the
expanded gas used in step (ccc) is subsequently used as the fluid having a higher
temperature in step (bbb). The hot gas is provided via flow 125 to a heat exchanger

126 where it further increases the temperature of the heated gas 111 to obtain further
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heated gas 128. The hot gas suitably has a temperature of above 950 °C such that
the further heated gas 128 may have a temperature of above 900 °C. This further
heated and pressurised gas 128 may be expanded in expander 115 to generate
power, e.g. electricity by operating a generator 116 or alternatively rotational energy
to drive other equipment, e.g. compressors. The hot gas used in heat exchanger 126
is discharged as flow 127 and combined with the exhaust gas 118 in mixer 120. In
case the hot gas is the product gas of a process, e.g. the synthesis gas obtained
when partially combusting a carbonaceous feed, or has a different composition than
the exhaust gas 118 it may not be desirable to mix these streams. In that situation it
may be advantageous to increase the temperature of the exhaust gas 118 by indirect
heat exchange against stream 127. The combined gas flows 121 are subsequently
used as the fluid having a higher temperature in heat exchanger 107. Flow 119 of
Figure 7 may optionally be added to improve the heating capacity of combined flow
121 in the process illustrated in Figure 8.

Heat exchanger 126 will have to be suited to perform the heat exchange at a
high temperature level. Ceramic heat exchangers are for example suited to perform
such a heat exchange.

The process to obtain a gas high in pressure and temperature and its
application in a process to generate electrical energy according to the invention may
find application in air separation processes, classical energy producing industry,
domestic energy production, energy and heat co-generation processes, automotive
and marine, for example automotive or marine hybrid engine applications, power
generation from high energy streams as present in chemical and refinery processes,
for example steam cracking processes, delayed coking processes and gasification
processes, cement process, carbon black reactors, iron reduction process, steel
soaking pits, incinerators, dryers, aluminium dry hearth melting processes, copper
scrap remelt furnaces, aluminium scrap remelt processes, after burner processes,
regenerative thermal oxidizers and in power generation applications where a steam

cycle is not desired, such as for example in off-shore applications.
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CONCLUSIES

Werkwijze voor het opvoeren van de druk en van de temperatuur van een aangevoerd
gas, door middel van een onrechtstreekse warmte-uitwisseling met een fluidum dat in
het bezit is van een hogere temperatuur, teneinde een gas te bekomen dat onder hoge
druk staat en een hoge temperatuur bezit, met behulp van een systeem dat is voorzien
van een fluidisch verbonden inlaatzone, een warmte-uitwisselingszone, een
productgaszone, en een lagedruk uitlaatzone, waarbij de volgende stappen worden
uitgevoerd:

a) het verplaatsen van de inhoud van de inlaatzone, met inbegrip van het
aangevoerde gas, naar de warmte-uitwisselingszone, de inhoud van de warmte-
uitwisselingszone naar de lagedruk uitlaatzone, en de inhoud van de lagedruk
uitlaatzone naar de inlaatzone,

b) het afsluiten van de warmte-uitwisselingszone en het in de warmte-
uitwisselingszone houden van het gas, en dit laatste gedurende een periode die
voldoende is om de druk en de temperatuur van het gas op te voeren door middel
van een onrechtstreekse warmte-uitwisseling met het fluidum, waarbij het gas dat
onder hoge druk staat en een hoge temperatuur bezit, wordt afgevoerd naar de
productgaszone, en het herhalen van de stappen (a)-(b) in een bijkomende cyclus,

waarbij een vers deel van het aangevoerde gas aanwezig is in de inlaatzone.

Werkwijze volgens conclusie 1, waarbij tijdens stap (b) een vers-gaszone die een deel
van het verse deel van de gasaanvoer omvat, de inlaatzone vervangt om de inlaatzone
van stap (a) te worden in de volgende cyclus, en de aldus vervangen inlaatzone de
lagedruk uitlaatzone vervangt om de lagedruk zone uit stap (a) te worden in de volgende

cyclus.

Werkwijze volgens conclusie 2, waarbij tijdens stap (b) de aldus vervangen lagedruk

zone een drijfgaszone wordt in een volgende cyclus.



10

15

20

25

10.

21

Werkwijze volgens conclusie 3, waarbij de drijfgaszone fluidisch verbonden is met de
vers-gaszone, waarbij de hoge druk van de drijfgaszone compenseert voor de lagere

druk van de vers-gaszone.

Werkwijze volgens conclusie 4, waarbij de druk van een voor-aanvoergas wordt
opgedreven in n uitvlakstappen tot de druk van de vers-gaszone, waarbij de n°
uvitvlakstap de stap is waarin de drijfgaszone fluidisch verbonden is met de vers-gaszone
in overeenstemming met conclusie 4, en waarbij het resterende deel van het drijfgas, na
het uitvoeren van de n°® uitvlakstap, wordt gebruikt om de druk van het voor-aanvoergas

op te voeren in de overige (n-1) uitvlakstappen.

Werkwijze volgens conclusie 5, waarbij eventueel na het uitvoeren van de eerste
uitvlakstap achterblijvend drijfgas wordt afgevoerd uit de respectievelijke gaszone, en
waarbij het voor-aanvoergas de leeggemaakte gaszone vult in een volgende cyclus om

zodoende een voor-aanvoergaszone te worden.

Werkwijze volgens één der conclusies 1-5, waarbij het verplaatsen van de inhoud van
een zone naar een andere zone in stap (a) wordt uitgevoerd door gebruik te maken van
gasdrijvende middelen.

Werkwijze volgens één der conclusies 1-7, waarbij de stappen (a)-(b) continu herhaald
worden om zodoende een continue stroming van gas te bekomen dat onder een hoge
druk staat en in het bezit is van een hoge temperatuur.

Werkwijze volgens é¢én der conclusies 5-8, waarbij n gelegen is tussen 2 en 500.

Werkwijze volgens conclusie 9, waarbij n ten minste gelijk is aan 4.
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Werkwijze volgens één der conclusies 1-10, waarbij in stap (b) het fluidum dat in het
bezit is van een hogere temperatuur, een gas is met een temperatuur die gelegen is

tussen 100 en 1000 °C.

Werkwijze volgens één der conclusies 1-11, waarbij het gas dat onder hoge druk staat
en een hoge temperatuur bezit, bekomen in stap (b), een gas is dat zuurstof bevat en dat
bedoeld is voor gebruik als aanvoercomponent naar een verbrandingsinstallatie die deel

uitmaakt van een gasturbine.

Werkwijze om elektrisch vermogen te genereren door gebruik te maken van een
gasturbine, waarbij de gasturbine een brandstof en een samengeperst gas dat zuurstof
bevat, gebruikt als aanvoer, en waarbij de volgende stappen worden uitgevoerd:

(aa) het samendrukken van een gas dat zuurstof bevat, door gebruik te maken van een
compressor;

(bb) het verder samendrukken van het gas dat zuurstof bevat, door gebruik te maken van
de werkwijze volgens één der conclusies 1-12,

(cc) het verbranden van de brandstof met behulp van het gas dat zuurstof bevat,
bekomen in stap (bb), teneinde een onder druk staand verbrandingsgas te bekomen; en
(dd) het expanderen van het verbrandingsgas in een expansie-eenheid van een

gasturbine die elektrisch vermogen genereert.

Werkwijze volgens conclusie 13, waarbij een stroming van geéxpandeerd rookgas in
stap (dd) wordt bekomen, en waarbij dit rookgas wordt gebruikt om de temperatuur van
het samengeperste gas dat zuurstof bevat, op te drijven door gebruik te maken van een

onrechtstreekse warmte-uitwisseling, en dit voorafgaand aan de uitvoering van stap (cc).

Werkwijze volgens conclusie 14, waarbij stap (bb) wordt uitgevoerd door het gas dat
zuurstof bevat, samen te persen door gebruik te maken van een werkwijze volgens één
der conclusies 5-12, en waarbij het resterende drijfgas wordt gecombineerd met het

rookgas, nadat de temperatuur ervan omlaag is gebracht door middel van de warmte-
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uitwisseling, en waarbij de resulterende gecombineerde gasstroming wordt gebruikt als

het fluidum dat in stap (b) in het bezit is van een hogere temperatuur.

Werkwijze volgens conclusie 15, waarbij de thermische inhoud van de gecombineerde
gasstroming wordt opgedreven alvorens deze gasstroming gebruikt wordt als het
fluidum dat in stap (b) in het bezit is van een hogere temperatuur, en dit door de
gecombineerde gasstroming te mengen met een uitlaatgas van een andere werkwijze of

door een bijkomende brandstof te verbranden.

Werkwijze volgens één der conclusies 13-16, waarbij de brandstof natuurlijk gas is,

synthetisch gas, waterstof, kerosine, of diesel is.

Werkwijze om elektrisch vermogen te genereren door middel van een gasexpansie-
eenheid, waarbij de volgende stappen worden uitgevoerd:

(aaa) het samenpersen van een gas dat zuurstof bevat, door gebruik te maken van een
compressor;

(bbb) het verder samenpersen van het gas dat zuurstof bevat, door een deel van het gas
in te sluiten en door de temperatuur en de druk van het ingesloten gas op te voeren door
middel van een onrechtstreekse warmte-uitwisseling met een fluidum dat in het bezit is
van een hogere temperatuur, zodat men een gas bekomt dat in het bezit is van een
hogere temperatuur en van een hogere druk;

(cce) het verder opdrijven van de temperatuur van het gas dat bekomen werd in stap
(bbb), door middel van een onrechtstreekse warmte-uitwisseling met een heet gas, en
door een onrechtstreekse warmte-uitwisseling met het in stap (eee) bekomen uitgezette
£as;

(ddd) het eventueel verbranden van een brandstof met het in stap (ccc) bekomen gas,
teneinde een onder druk staand verbrandingsgas te bekomen; en

(eee) het expanderen van het in stap (ccc) bekomen gas of van het verbrandingsgas dat

in de optionele stap (ddd) werd bekomen, in de expansie-eenheid, teneinde
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geéxpandeerd gas te bekomen, en waarbij de expansie-eenheid is verbonden met een

generator die bedoeld is om elektrisch vermogen te genereren.

Werkwijze volgens conclusie 18, waarbij het heet gas en het geéxpandeerd gas dat in
stap (ccc) werd gebruikt, vervolgens wordt gebruikt in stap (bbb) als het fluidum dat in

het bezit is van een hoge temperatuur.

Werkwijze volgens conclusie 18 of conclusie 19, waarbij het heet gas in het bezit is van
een temperatuur die hoger ligt dan 950 °C, en het gas dat bekomen werd in stap (ccc), in
het bezit is van een temperatuur die hoger ligt dan 900 °C, en waarbij de optionele stap

(ddd) niet wordt uitgevoerd.

Werkwijze volgens één der conclusies 18-20, waarbij stap (bbb) wordt uitgevoerd door

gebruik te maken van een werkwijze volgens één der conclusies 1-11.

Configuratie, drie of meer, parallel gebruikte warmte-uitwisselingszones omvattende,
een vers-gaszone, een gasinlaatzone, een lagedruk uitlaatzone, een productgaszone, en
een drijfgaszone,

a) waarbij ten minste één warmte-uitwisselingszone fluidisch verbonden is met de
gasinlaatzone en met de lagedruk gaszone;

b) waarbij ten minste één of meerdere warmte-uitwisselingszones fluidisch
verbonden zijn met de productgaszone, en niet verbonden zijn met de
gasinlaatzone, de lagedruk gas uitlaatzone, en met de drijfgaszone;

¢) waarbij ten minste één warmte-uitwisselingszone fluidisch verbonden is met de
drijfgaszone en met de vers-gaszone,

d) waarbij de configuratie middelen omvat om de drijfgaszone te vervangen door de
lagedruk uitlaatzone, om de lagedruk uitlaatzone te vervangen door de
gasinlaatzone, om de gasinlaatzone te vervangen door de vers-gaszone; en

e) middelen om de warmte-uitwisselingszone uit punt (c) te verbinden met de

nieuwe gasinlaatzone en met de lagedruk gasuitlaatzone, middelen om één van de



25

warmte-uitwisselingszones uit punt (b) te verbinden met de nieuwe drijfgaszone,
alsook middelen om de warmte-uitwisselingszone uit punt (a) te ontkoppelen van

de gasinlaatzone, van de lagedruk gas uitlaatzone, en van de drijfgaszone.
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File No. Filing date (day/month/ear) Priority date (day/month/rear) Application No.
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International Patent Classification (IPC)

INV. F02C1/08 FO02C3/02 F02C708 F28D17/04 F28D21/00 FO4F13/00

Applicant
ICE Industrial Properties B.V.

This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. I} Priority .
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the application

OXK ROOOK

Box No. VIii  Certain observations on the application

Examiner

O'Shea, Gearoid
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Box No.| Basis of this opinion

1. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

2. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
[ table(s) related to the sequence listing

b. format of material:
O on paper
O in electronic form

c. time of filingAfurnishing:
O contained in the application as filed.
O filed together with the application in electronic form.
O furnished subsequently for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

4. Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty Yes: Claims 1-17,20-22
No: Claims 18,19

inventive step Yes: Claims 1-17,21, 22
No: Claims 18-20

Industrial applicability Yes: Claims 1-22
No: Claims

2. Citations and explanations

see separate sheet
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Box No. VI Certain documents cited

B Certain published documents
see the Search Report

[0 Non-written disclosures

Box No. VIl Certain defects in the application

see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 6 487 843 B1 (TOMCZYK HUBERT [DE]) 3 december 2002

1 The present application does not meet the criteria of patentability, because
the subject-matter of claims 18 and 19 is not new.

1.1 With regard to the subject-matter of claim 18, document D1 discloses (the
references in parentheses applying to this document):

een werkwijze om elektrisch vermogen te genereren (see e.g. col.2, lines
45-48) door middel van een gasexpansie- eenheid (see figs.1-5), waarbij de
volgende stappen worden uitgevoerd:

(aaa) het samenpersen van een gas dat zuurstof bevat (see col.4, lines
22-27), door gebruik te maken van een compressor (5);

(bbb) het verder samenpersen van het gas dat zuurstof bevat (see col.4, lines
22-38), door een deel van het gas in te sluiten (in enclosed chambers 15 -
see ¢ol.3, line 65 - col.4, line 6) en door de temperatuur en de druk van het
ingesloten gas op te voeren door middel van een onrechtstreekse warmte-
uitwisseling met een fluidum dat in het bezit is van een hogere temperatuur
(see col.4, lines 27-38), zodat men een gas bekomt dat in het bezit is van een
hogere temperatuur en van een hogere druk;

(cce) het verder opdrijven van de temperatuur van het gas dat bekomen werd
in stap (bbb), door middel van een onrechtstreekse warmte-uitwisseling met
een heet gas, en door een onrechtstreekse warmte-uitwisseling met het in
stap (eee) bekomen uitgezette gas (the fact that the enclosed air chambers
move axially due to the turning action of the screw section 14, means that
there is further increase in the gas temperature - verder opdrijven van de
temperatur - as the chamber axially is displaced towards the combustion
chamber);

(ddd) het eventueel verbranden van een brandstof met het in stap (ccc)
bekomen gas (see col.4, lines 38-40), teneinde een onder druk staand
verbrandingsgas te bekomen; en (eee) het expanderen van het in stap (ccc)
bekomen gas of van het verbrandingsgas dat in de optionele stap (ddd) werd
bekomen (see col.3, lines 50-52 and col.4, lines 40-43), in de expansie-
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eenheid (6), teneinde geéxpandeerd gas te bekomen, en waarbij de
expansie-eenheid is verbonden met een generator (implicit from col.2, lines
45-48, whereby the shaft 1 of the apparatus can drive the electricity
generator) die bedoeld is om elektrisch vermogen te genereren.

The subject-matter of claim 1 is therefore not novel.

Dependent claim 19 does not contain any features which, in combination with
the features of any claim to which it refers, meet the requirements of novelty,
see document D1 and the corresponding passages cited in the search report.

Dependent claim 20 does not contain any features which, in combination with
the features of any claim to which it refers, meet the requirements of inventive
step. The subject-matter of this claim relates merely to a choice in operational
parameters of the machine, namely, the exhaust gas temperature. Such
choices would be regarded by the skilled person as a matter of routine
practice.

PATENTABILITY OF CLAIMS 1-17, 21 and 22

D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses:

een werkwijze voor het opvoeren van de druk en van de temperatuur van een
aangevoerd gas (see col.4, lines 35-38), door middel van een
onrechtstreekse warmte-uitwisseling met een fluidum dat in het bezit is van
een hogere temperatuur (see col.4, lines 29-35), teneinde een gas te
bekomen dat onder hoge druk staat en een hoge temperatuur bezit, met
behulp van een systeem dat is voorzien van een fluidisch verbonden
inlaatzone (at the outlet of compressor 3)(see fig.1), een warmte-
uitwisselingszone (15), een productgaszone (at the inlet to the turbine 6), en
een lagedruk uitlaatzone (at the outlet to the turbine), waarbij de volgende
stappen worden uitgevoerd:

a) het verplaatsen van de inhoud van de inlaatzone, met inbegrip van het
aangevoerde gas, naar de warmte-uitwisselingszone (see col.4, lines 29-31),
de inhoud van de warmte-uitwisselingszone naar de lagedruk uitlaatzone (the
contents of the heat exchange zone 15 is expanded in the turbine, but
ultimately is sent to the turbine outlet or lagedruck uitlaatzone),

b) het afsluiten van de warmte-uitwisselingszone en het in de warmte-
uitwisselingszone houden van het gas (see col.3, lines 65-67 and col.4, lines
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29-35), en dit laatste gedurende een periode die voldoende is om de druk en
de temperatuur van het gas op te voeren door middel van een
onrechtstreekse warmte-uitwisseling met het fluidum (see col.4, lines 29-35),
waarbij het gas dat onder hoge druk staat en een hoge temperatuur bezit,
wordt afgevoerd naar de productgaszone (the turbine inlet), en het herhalen
van de stappen (a)-(b) in een bijkomende cyclus, waarbij een vers deel van
het aangevoerde gas aanwezig is in de inlaatzone.

The subject-matter of claim 1 therefore differs from this known method in that;

The contents of the low pressure outlet zone is recirculated back to the inlet
zone - het verplaatsen van de inhoud van de lagedruk uitlaatzone naar de
inlaatzone.

The subject-matter of claim 1 is therefore new.

The problem to be solved by the present invention may be regarded as how
to provide an alternative process for compressing a gas without the use of
large compressors.

The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step for the following reasons:

By routing.the contents of the low pressure outlet zone to the inlet zone, the
gas that has not been sent to the product zone (e.g. the turbine) can circulate
to the low pressure outlet zone. This recirculation arrangement is not present
in any of the available prior art and the skilled-person is hence not provided
with teachings which would prompt him/her to modify the device of D1 to
arrive at one according to the present invention.

Independent claim 22 also comprises the concept of replacing the contents of
the inlet zone with those of the low pressure outlet zone (via the intermediate
involvement of a driving zone and a fresh gas zone) and therefore also meets
the requirements of novelty and inventive step.

Claims 2-17 and 21 are either directly or indirectly dependent on claim 1 and
as such also meet the requirements of novelty and inventive step.

CLARITY OF CLAIMS

Claim 1 is not clear.
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In order to successfully carry out the method of the present invention, the step
of allowing the entry of fresh air and the step of making the replaced low
pressure outlet zone a driving gas zone for the following cycle are necessary
and hence essential (see pg.5, line 30 - pg.6, line 8 of the description).

Since independent claim 1 does not contain these steps it does not meet the
requirement of clarity that any independent claim must contain all the
technical features essential to the definition of the invention.

It is to note that these features are those of present claims 2-4 which should
have formed the subject-matter of claim 1.

Re Item VI

Certain documents cited

Application No Publication date Filing date Priority date
| | (day/month/year) | (day/monthiyear) | (day/month/year)

29/08/2013 15/02/2013 i 24/02/2012

Should the present application form the basis of a future European application, the
subject-matter of the above-mentioned disclosure shall be taken into consideration
when assessing the novelty of the subject-matter of the claims of such an application.

Re ltem Vii
Certain defects in the application

1 The relevant background art disclosed in D1 is not mentioned in the
description, nor is this document identified therein.
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