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(54) Apparatus for the production of electric energy using high temperature fumes or gasses

(57) This invention concerns a system for producing
electric or mechanical energy, starting from the fumes
or gasses from combustion of a biomass or from some
other origin that includes a turbogenerator group (12)
operating according to the Rankine cycle and an inter-
mediate heat exchange between the high temperature
fumes or gasses and an working fluid evaporation heat

exchanger (16) feeding the turbogenerator group (12).
Flowing in the intermediate heat exchange circuit (13)
is a aeriform fluid that on the one hand, is heated by the
high temperature gasses or fumes and on the other, re-
leases heat to the working feed fluid of the turbogenera-
tor group (12). The aeriform fluid can be an inert gas or
air with a low oxygen content.



EP 1 555 396 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of Invention

[0001] This invention concerns in general an appara-
tus for producing electric or mechanical energy, starting
from the combustion of a biomass or a gasses at a high
temperature coming from any heat source. In particular,
the invention refers to an innovative intermediate ther-
mal exchange circuit between high temperature fumes
or gasses of any kind and an organic or inorganic oper-
ating fluid used in a turbo generator (ORC) operating
according to a Rankine cycle.

State of the Art

[0002] A system for the production of electric or me-
chanical energy of the above considered type compris-
es principally: a combustion chamber fed by the com-
bustible biomass, a heat exchanger unit for heat ex-
change between the combustion fumes or gasses and
thermal carrier fluid flowing in an intermediate circuit, a
heat exchanger between the intermediate thermal car-
rier fluid and an organic or inorganic evaporable working
fluid for the evaporation of the latter, a turbogenerator
fed by the working fluid vapour, a recovery regenerator
of the heat content of the working fluid vapour on exit
from the turbogenerator and a condenser group for the
working fluid before it returns into circulation.
[0003] Usually, a system of this kind uses as an inter-
mediate thermal carrier fluid, a thermal oil, moreover
combustible, and as an working fluid, if organic, a high
molecular mass siliconic oil, and if inorganic, water, for
example. To heat the thermal oil it is made to circulate
in a coil which is in contact with high temperature fumes
or gasses and at the same time it heats the working fluid
and generates the vapour feeding the turbogenerator.
[0004] Even though the technique is well established,
a system for feeding a turbogenerator as described
above has certain drawbacks which are connected
mainly to the use of thermal oil in the intermediate heat
exchanger circuit and which can be identified as follows:

the need for an expansion vessel to compensate
the variations in volume due to the thermal dilatation
and to separate the liquid and gaseous phases of
the thermal oil,
a double pump, usually electrical, for the circulation
of the thermial oil,
an additional pump with motor, typically Diesel, for
the circulation of the thermal oil in case of an emer-
gency
filling up with thermal oil which means a significant
initial cost and similar costs for renewal when it
needs changing,
limitations as regards to the maximum operating
temperature depending on the characteristics of the
thermal oil,

reliable sealing means to prevent leaking and loss
of thermal oil,
fire risks from loss of flammable oil should there be
breakdowns.

[0005] Actually, a type of electric energy turbogenera-
tor apparatus has been proposed and produced in which
the working fluid is made to contact and be heated di-
rectly by fumes or gasses coming from the combustion
of biomass or other source without, therefore, the pres-
ence of an intermediate heat carrier fluid circuit. How-
ever, for many reasons the presence of an intermediate
heat carrier fluid circuit is preferable in that it ensures
protection against overheating of the working fluid, in
particular if organic, it avoids the need for a qualified
operator and does not require cooling of the combustion
chamber and fumes should the turbogenerator units
stop.

Object and Summary of the Invention

[0006] The object of this invention is to eliminate or at
least limit the negative aspects of the known technique
referred to above and to propose, at the same time, an
apparatus for the production of electric or mechanical
energy, starting from the high temperature fumes or gas-
ses, improved with regard to safety and inexpensive-
ness of operating costs.
[0007] This object is achieved in an operating appa-
ratus comprising a source of high temperature fumes or
gasses, a turbogenerator group operating according to
the Rankine cycle with an organic or inorganic working
fluid, an intermediate heat exchange circuit between
said source of high temperature fumes or gasses, and
a heat exchanger for the evaporation of the working fluid
feeding the turbogenerator group, and characterised in
that in the intermediate heat exchange circuit there is a
aeriform fluid which, on the one hand, is heated by the
high temperature fumes and gasses and on the other,
releases heat to the working fluid feeding the turbogen-
erator.
[0008] The aeriform fluid in the intermediate circuit
can be an inert gas, such as nitrogen, carbon dioxide,
etc., incapable of, or unlikely of forming a flammable
mixture with other substances. Or else, the aeriform fluid
in the intermediate circuit could be air with a drastically
reduced oxygen content, produced for example by a
controlled combustion of a fuel such as propane. The
intermediate circuit can be the open or preferably, the
closed type depending on the aeriform fluid circulating
in it. The pressure in the circuit can be the same or dif-
ferent from atmospheric pressure.

Brief Description of Drawings

[0009] Further aspects and features of the invention
will be illustrated more in detail in the continuation of this
description made in reference to the enclosed indicative
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and not limiting drawings, in which:

Fig. 1 is a schematic diagram of an apparatus for
producing electric or mechanical energy according
to the invention, and
Fig. 2 is a part of the apparatus with a variation in
the intermediate heat exchange circuit.

Detailed Description of the Invention

[0010] As shown, the apparatus primarily comprises
a high temperature gasses or fumes source 11, a turbo-
generator operating with an organic or inorganic fluid 12,
and an intermediate circuit 13 containing a heat carrier
fluid 13.
[0011] In the example illustrated, the high tempera-
ture gasses or fumes source is made up of a combustor
14 fed by a combustible biomass fuel. The turbogenera-
tor group 12, is made up, as is known, of a turbine 15
and a heat exchanger 16 designed for heating and evap-
orating the working fluid that feeds the turbine. The va-
pour on exit from the turbine is usually made to pass
through at least one regenerator 17 in which the heat of
the vapour is used to preheat the working fluid, and then
through a working fluid condenser 18 before returning
the working fluid to the heat exchanger 16 by means of
a pump 18'.
[0012] The high temperature gasses or fumes are
made to circulate by means of a respective fan 19. They
are collected in a starting chamber 20 and from here, by
means of a leader 21, directed to the input 22' of an in-
termediate heat exchanger 22, the output 22' of which
can be connected to a possible pre-heater 23 followed
by an economizer 24, a filter 25 and a flue 26 discharg-
ing in the atmosphere the cooled gasses or fumes.
[0013] Advantageously, the pre-heater 23 can be
used to pre-heat air to be supplied the combustor by
means of a respective fan 23'. The economizer 24,
where envisaged, can be used to pre-heat a liquid, such
as for example, water for urban heating or for other uses
passing in respective circuit 27, as usually takes place
with the condenser of the turbogenerator group. As an
option, pre-heater and economizer can be in the oppo-
site order.
[0014] The intermediate circuit 13 containing a heat
carrier fluid extends between the intermediate heat ex-
changer 22 and the heat exchanger 16 of the turbogen-
erator 12. The heat carrier fluid in said intermediate cir-
cuit 13 is made up of an aeriform fluid which is made to
circulate by means of a respective fan 28 according to
the arrows C. Inert gasses such as nitrogen, carbon di-
oxide or similar, or air with a reduced oxygen content in
open or closed circuit may be used as an aeriform fluid
in the intermediate circuit.
[0015] The intermediate heat exchanger 22 is metal,
such as carbon steel or stainless steel. It is usually
equipped with a bottom discharge 29 for the ashes and
input and output connections 30,31 for the heat carrier

fluid, that is to say the aeriform substance, which circu-
lates in it.
[0016] The heating of the aeriform fluid in the interme-
diate exchanger 22 can be carried out in two phases:
one by radiation and one by convection, the one by ra-
diation having a tube and hollow spaces with the fluid to
be heated flowing through them.
[0017] The temperature at input of the gasses or
fumes feed leader 21 and consequently at the interme-
diate exchanger 22 can be adjusted by a partial recy-
cling of cooled gasses. This gas can be collected directly
at the exit 22' of the heat exchanger 22 or at any point
downstream of the latter, using a fan 32' inserted in a
recycle circuit 32 which can be controlled by a temper-
ature probe.
[0018] An additional circuit 33 can also be envisaged
with a respective fan 33' for a partial recycling of the heat
carrier fluid, that is to say the aeriform substance, be-
tween a zone downstream of the evaporation unit of the
turbogenerator group 12 and the intermediate exchang-
er 22 in order to avoid too high temperatures of the aer-
iform substance on entering the working fluid evapora-
tion heat exchanger.
[0019] Furthermore, a part of the flow of the aeriform
substance in the intermediate exchanger can be canal-
ised and used to cool parts of the combustion chamber
and/or the biomass combustor grate 14, should said
grate includes ducts with diameters sufficient to allow
circulation of the aeriform fluid in a closed circuit.
[0020] The initial high temperature gasses or fumes
collection chamber 20 can be made of refractory steel
and can be equipped with a "clapet" type safety valve
34, usually kept closed by a respective control or a bal-
ance weight and used to open and discharge the gasses
into the atmosphere and exclude the part downstream
of the system should cooling fail, that is in the absence
of absorption of thermal power by the working fluid.
[0021] This chamber 20 can be enclosed by a double
walled casing 35 in which the aeriform fluid can be made
to circulate and heated according to the scheme in Fig.
2. In addition, probes can be inserted in the circuit to
identify the presence of the working fluid in the aeriform
substance and to protect the system, by stopping the
circulation of the heat carrier fluid and opening the gas-
ses or fumes release "clapet" valve to release the gas-
ses or fumes from the initial collection chamber 20.
[0022] Finally, the option also exists for the interme-
diate heat exchanger can be equipped with an automat-
ically opening discharge valve for rapid cooling of the
circuit should there be an emergency, and with a fan
there exits the possibility of acting regeneratively on the
cooled fluid to reduce the power transmitted in the sys-
tem.

Claims

1. Apparatus for producing electric or mechanical en-
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ergy starting from fumes or gasses from combus-
tion or other origin, comprising a source of high tem-
perature fumes or gasses, a turbogenerator group
operating according to the Rankine cycle, an inter-
mediate heat exchange circuit between said high
temperature fumes or gasses source and a heat ex-
changer for the evaporation of a working fluid feed-
ing the turbogenerator, means for regenerating/
condensing the working fluid on exiting the turbo-
generator, and where the working fluid is an organic
or inorganic fluid, characterised in that in the in-
termediate heat exchange circuit a aeriform fluid cir-
culates which, on the one hand, is heated by the
high temperature fumes and gasses and on the oth-
er, releases heat to the working fluid flowing in the
turbogenerator.

2. Apparatus for producing electric or mechanical en-
ergy according to claim 1, in which the aeriform fluid
in the intermediate heat exchange circuit is an inert
gasses which is incapable of forming a flammable
mixture with other substances.

3. Apparatus for producing electric or mechanical en-
ergy according to claim 1, in which the aeriform sub-
stance in the intermediate heat exchange circuit is
air with a reduced oxygen content.

4. Apparatus for producing electric or mechanical en-
ergy starting from fumes or gasses from combus-
tion or some other origin, consisting in a source of
high temperature fumes or gasses, a turbogenera-
tor group operating according to the Rankine cycle,
an intermediate heat exchange circuit between said
high temperature fumes or gasses source and a
heat exchanger for the evaporation of a working flu-
id feeding the turbogenerator, means for regenerat-
ing/condensing the working fluid on exiting the tur-
bogenerator, and where the working fluid is an or-
ganic or inorganic fluid, characterised in that in the
intermediate heat exchange circuit an inert gas cir-
culates which, on the one hand, is heated by the
high temperature fumes and gasses and on the oth-
er, releases heat to the working fluid flowing in the
turbogenerator.

5. Apparatus for producing electric or mechanical en-
ergy starting from fumes or gasses from combus-
tion or some other origin, consisting in a source of
high temperature fumes or gasses, a turbogenera-
tor group operating according to the Rankine cycle,
an intermediate heat exchange circuit between said
high temperature fumes or gasses source and an
operating fluid evaporation heat exchanger feeding
the turbogenerator group, means for regenerating/
condensing the operating fluid on exiting the turbo-
generator, and where the operating fluid is an or-
ganic or inorganic fluid, characterised by the fact

that flowing in the intermediate heat exchange cir-
cuit is air with a low oxygen content which, on the
one hand, is heated by the high temperature fumes
and gasses and on the other, releases heat to the
feed operating fluid of the turbogenerator.

6. Apparatus for producing electric or mechanical en-
ergy according to any of the previous claims, in
which the intermediate heat exchange circuit is a
closed circuit operating a pressure equal to or dif-
ferent from atmospheric pressure.

7. Apparatus for producing electric or mechanical en-
ergy according to any of the previous claims, char-
acterised by an initial high temperature gasses or
fumes collection chamber, and in that the interme-
diate heat exchange circuit includes an intermedi-
ate exchanger connected to said chamber by
means of a feed duct in which a aeriform fluid flows
to heat the latter in two phases, one by radiation
and the other by convection.

8. Apparatus for producing electric or mechanical en-
ergy according to claim 7, characterised by a cir-
cuit for a partial recycle of the gasses and fumes
between a part downstream of their exit from the
intermediate exchanger and the feed duct of the
gasses or fumes to said intermediate exchanger to
control, by means of temperature probes, the tem-
perature of the gasses and fumes between said in-
itial chamber and the input into the exchanger.

9. Apparatus for producing electric or mechanical en-
ergy according to any of the previous claims, char-
acterised in that around the initial high tempera-
ture gasses and fumes collection chamber a double
walled casing is provided, in which can be made to
circulate and heat the aeriform fluid flowing in the
intermediate heat exchange circuit.

10. Apparatus for producing electric or mechanical en-
ergy according to any of the previous claims and
where the high temperature gasses or fumes
source is a biomass combustor or similar, charac-
terised furthermore by a circuit to direct a part of the
aeriform fluid flow to cool the grate or parts of the
combustion chamber of said combustor.

11. Apparatus for producing electric or mechanical en-
ergy according to any of the previous claims, char-
acterised in that a valve usually closed and intend-
ed to open is associated with the high temperature
initial collection chamber to discharge the gasses
and fumes should the operating fluid fail to absorb
the heat power.

12. Apparatus for producing electric or mechanical en-
ergy according to claim 10 and where the operating
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fluid is organic, further characterised in that it in-
cludes organic fluid presence sensors in the aeri-
form fluid circuit to enable stopping of the aeriform
fluid circulation in the intermediate circuit and open-
ing of a discharge valve of the high temperature
gasses or fumes in the collection chamber in an-
swer to the presence of organic fluid in the aeriform
substance.
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