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(67)  The invention comprises a first thermodynamic
working circuit (1) employing carbon dioxide for the ob-
taining of energy by means of a power generator (8) of
the system, characterised by the fact that said thermo-
dynamic working circuit (1) is associated in parallel with
a secondary ammonia absorption and evaporation circuit
(2) which is sized to condense the carbon dioxide gas

E 6 5a
l Ny S
N} Y
P
S B o
I |
A v ' )
1 L 1
1 i 1
I ' t i
1 ' 1
1 . ' ' 5c
____ CTTTT T s 1 1 i
! ! 1 '
1 ' i
1
. i : \
= e [ .
i
) i 3
7 P e
- ;
5b . :
Y 1
'
i
=4  /  bemimimrmiemr e ———— F e |
A

]
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coming from the generator (8), said system featuring a
device (5a,5b,5c) for the recovery of low-grade thermal
energy (E) which is sized to evaporate ammonia from
the solution of ammonia in the secondary circuit (2), a
fraction of the low-grade thermal energy (E) captured by
the device (5a,5b,5¢) being susceptible to being used to
superheat the carbon dioxide in the working circuit (1).
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Description

[0001] The present invention relates to a system for
the production of electrical energy comprising a thermo-
dynamic working circuit employing carbon dioxide to ob-
tain energy by means of a generator.

Background of the invention

[0002] Systemsforthe productionof energy employing
carbon dioxide and ammonia as basic transport fluids for
the generation of electricity are well known.

[0003] PatentDE19921336 describes a system for the
production of energy comprising two thermodynamic cir-
cuits which operate together, each with a different trans-
portfluid. One of the circuits operates with carbon dioxide
and the other with ammonia gas. Each circuit features a
heating means, a condenser and a compressor. The car-
bon dioxide circuit includes the electricity generating tur-
bine, which is driven by the carbon dioxide itself, which
acts as the motive fluid.

[0004] The system described by the aforementioned
patent combines the two circuits to obtain electrical en-
ergy by means of a fluid (the carbon dioxide) which
presents the advantage that it is harmless to the envi-
ronment. Furthermore, carbon dioxide is a working fluid
which condenses at a temperature of approximately 0°C;
for this reason it is possible to utilise the cooling capacity
of a parallel ammonia evaporation circuit to condense it.
[0005] Inthe systemdescribed, the carbon dioxide gas
is heated, prior to its entry into the generator, by means
of low-grade thermal energy. However, the energy yield
of this system is still very low, as it requires the use of
conventional compressors.

Description of the invention

[0006] The aim of the present invention is to provide a
high-performance system for the obtaining of electrical
energy, presenting the advantages to be described be-
low.

[0007] In accordance with this aim, according to a first
aspect, the present invention provides a system for the
obtaining of electrical energy comprising a thermody-
namic working circuit which employs carbon dioxide to
obtain electrical energy by means of a generator, and
whichis characterised by the fact that the thermodynamic
working circuit is associated in parallel with a secondary
absorption and evaporation circuit of ammonia sized to
condense, by means of a solution of ammonia in said
circuit, the carbon dioxide gas arriving from a turbine as-
sociated with the generator, said system comprising a
low-grade thermal energy recovery device sized to evap-
orate ammonia from the solution of ammonia in the sec-
ondary circuit, a fraction of the low-grade thermal energy
captured by the device being susceptible to being used
to evaporate the condensed carbon dioxide and to su-
perheat the carbon dioxide gas in the working circuit.
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[0008] In accordance with the same aim, according to
a second aspect, the present invention provides an elec-
tricity generation unit or group comprising the system
claimed for the obtaining of electrical energy by means
of a generator coupled to the output shaft of a carbon
dioxide expansion turbine.

[0009] The system claimed dispenses with conven-
tional compressors and employs a parallel secondary cir-
cuit for the absorption and evaporation of ammonia to
evaporate and condense the carbon dioxide. Further-
more, the system comprises a device for the recovery of
low-grade thermal energy which enables the boosting of
the physicochemical reaction which evaporates the am-
monia gas from the solution of ammonia in the secondary
circuit, significantly increasing the energy yield of the sys-
tem.

[0010] The source of low-grade thermal energy recov-
ered by the device may come from the residual heat of
the exhaust gases of a motor or, for example, from the
cooling of thermal power plants, on condition that these
sources of heat surpass a temperature of 100°C.
[0011] Additionally, the system claimed presents the
advantage of operating under low-risk technical condi-
tions (between 1 bar and 12 bar for the ammonia gas);
the possibilities of leaks of this gas are therefore practi-
cally non-existent. The carbon dioxide works at higher
pressures, of up to 65 bar; however, in this case, being
a fluid which is harmless to the environment, accidental
leaks do not represent a problem.

[0012] Preferably, the secondary gas absorption and
evaporation circuit comprises a first heat exchanger em-
ploying a cooling fluid to condense the ammonia gas
coming from the solution of ammonia or ammoniacal so-
lution in the second circuit, a second heat exchanger to
evaporate the condensed ammonia by means of the ther-
mal energy provided by the carbon dioxide at the outlet
of the electrical generator, and an absorption column for
the ammonia gas evaporated in the second heat ex-
changer.

[0013] Specifically, the second heatexchangeris sized
to condense the carbon dioxide by means of the solution
of ammonia arriving from the first heat exchanger, said
second heat exchanger enabling the evaporation of the
ammonia condensed in the first heat exchanger, by
means of the thermal energy provided by the carbon di-
oxide at the outlet of the turbine associated with the elec-
trical generator.

[0014] Advantageously, said secondary absorption
and evaporation circuit comprises a third heat exchanger
sized to evaporate the condensed carbon dioxide by
means of the heat recovered by the solution of ammonia
in contact with the recovery device. The ammonia solu-
tion outlet of the third heat exchanger is connected to an
inlet of the ammonia absorption column.

[0015] In this third heat exchanger, the carbon dioxide
evaporates while at the same time the solution of ammo-
nia cools, which substantially improves the subsequent
absorption of ammonia in the ammoniacal solution col-
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umn.
[0016] Theliquid carbon dioxide outletfrom the second
heat exchanger is connected to the carbon dioxide inlet
of the third heat exchanger, while the ammonia gas outlet
from said second heat exchangeris connected to another
inlet of the ammonia gas absorption column.

[0017] Preferably, the low-grade thermal energy re-
covery device comprises heat exchangers associated
with a distillation apparatus to evaporate, by means of
low-grade thermal energy, a fraction of the ammonia gas
from the solution of ammonia in the secondary absorption
and evaporation circuit.

[0018] In this way, the energy recovered from low-
grade heat sources is exploited to boost the absorption
and evaporation cycle of the ammonia which condenses
and evaporates the carbon dioxide of the working cycle.
Thus, a system is obtained which enables the efficient
exploitation of the low-grade thermal energy which to
date is being discarded and released into the environ-
ment, causing environmental pollution problems.
[0019] Advantageously, the recovery device further
comprises a second heat exchanger to use low-grade
thermal energy to superheat the carbon dioxide gas at
the inlet of the electrical generator or at the inlet of the
turbine associated with the electrical generator.

[0020] In the system claimed, the working pressure of
the ammonia is between 1 bar and 12 bar, and the work-
ing pressure of the carbon dioxide is between 30 bar and
65 bar. The concentration of ammonia gas in the solution
ofammonia in the secondary absorption and evaporation
circuit is between 35% and 45% by weight. However, if
the temperature balance conditions vary, the concentra-
tion in the solution of ammonia would change.

[0021] Inthe presentinvention, "low-grade thermal en-
ergy" shall be understood, preferably, to be the thermal
energy E derived from heat sources whose temperature
does not surpass 150°C, advantageously industrial va-
pours and gases. The system claimed enables the ex-
ploitation of this thermal energy, which is currently dis-
carded and released into the environment.

Brief description of the drawings

[0022] For a better understanding of that which is de-
scribed herein, a set of drawings is attached which, sche-
matically and by way of a non-limiting example only, rep-
resent a practical case of an embodiment.

Figure 1is a schematic diagram of the operating prin-
ciple of the system.

Figure 2 is a schematic diagram of the ammonia ab-
sorption column.

Figure 3 is a schematic representation of a high-per-
formance heat exchanger which evaporates or con-
denses the carbon dioxide by means of the solution
of ammonia orammoniacal solution of the secondary
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circuit.
Description of a preferred embodiment

[0023] Anembodimentofthe system, employing asec-
ondary circuit of ammonia diluted in water working at
25°C to operate absorption, and at 100°C to operate
evaporation, is described below.

[0024] Inthe embodiment described, the carbon diox-
ide circuit 1 reaches a maximum working pressure of 65
bar at 25°C in a gaseous state, and a pressure of 35 bar
at 0°C during the expansion phase, in a liquid state.
[0025] As has been mentioned, in order to reach the
working conditions of the carbon dioxide, a secondary
circuit 2 is employed, with a solution of ammonia and
water in an absorption and evaporation cycle working at
a pressure of 2.5 bar at a temperature of -15°C, and at
12 bar at a temperature of 100°C.

[0026] The secondary circuit 2 features an absorption
column 3 through which the solution of ammonia circu-
lates from an inlet 3a to an outlet 3b. The reaction tem-
perature is maintained by means of a cooling fluid 3c, for
example water. The reaction time within the column 3 is
that which is sufficient for the solution to reach a concen-
tration of ammonia of 45% by weight at a working pres-
sure of 2.5 bar at a temperature of 25°C, entailing a 10%
increase in the concentration of ammonia gas in the so-
lution in the secondary circuit 2.

[0027] Once the solution of ammonia is concentrated,
an injector pump sends it at a pressure of 12 bar to a
recovery device where this solution of ammoniais heated
by means of a fraction of the low-grade thermal energy,
enabling the separation of a fraction of the ammonia gas.
[0028] As hasbeen mentioned in the description of the
invention, the recovery device includes a number of heat
exchangers 5a, 5b, which are associated with an ammo-
nia distillation apparatus 6. In this way, the physicochem-
ical reaction which evaporates the gas from the solution
of ammonia in the secondary circuit 2 is boosted. The
same device also includes another heat exchanger 5¢
which heats the carbon dioxide gas to 100°C at the inlet
of the generator 8 by means of a fraction of the thermal
energy E recovered.

[0029] In addition to the absorption column 3, the sec-
ondary circuit 2 includes;

= a first heat exchanger 11 sized to condense the
ammonia gas coming from the solution by means of
a cooling fluid R (for example, water),

= asecond heatexchanger 7, to evaporate the con-
densed ammonia by means of the thermal energy
provided by the carbon dioxide at the outlet of the
electrical generator 8, and

= a third heat exchanger 9 to evaporate the con-
densed carbon dioxide, by means of the heat recov-
ered by the solution of ammonia in contact with the
recovery device.
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[0030] Then heat exchangers 7, 9 of the secondary
circuit 2 which evaporate and condense the carbon di-
oxide are configured in such a way that they force the
carbon dioxide to circulate in the space between two con-
centric tubes 10a, 10b disposed very close together in
order to ensure the heating or cooling the gas throughout
its volumetric mass. The liquid ammonia, or solution of
ammonia or ammoniacal solution, circulates through the
interior of the tubes 10a and the exterior of the tubes 10b.
[0031] At the outlet of the second heat exchanger 7,
the condensed carbon dioxide is at a working pressure
of 35 bar at a temperature of 0°C, while at the same heat
exchanger 7, the evaporated ammonia gas exits at a
working pressure of 2.5 bar and at atemperature of-15°C.
[0032] The third heat exchanger 9 receives the liquid
carbon dioxide, injected by a second pump, and evapo-
rates it to obtain carbon dioxide gas at a pressure of 65
bar and a temperature of 25°C, while at the same heat
exchanger 9, the solution of ammonia is maintained at a
pressure of 12 bar, being cooled to 20°C prior to its in-
gress into the absorption column 3. In this way, the sub-
sequent absorption of ammonia in the absorption column
3 is enhanced.

[0033] In an experimental test of the system, the flow-
rate of carbon dioxide in the working circuit 1 employed
is 150 Kg/h, while the flowrate of the solution of ammonia
in the secondary circuit 2 is 30 Kg/h, with a 10% difference
in the concentration of ammonia during the cycle, which
entails a circulation flowrate of 300 Kg/h of the solution
of ammonia.

[0034] With these data;

= The external energy input necessary for the evap-

oration of the ammonia gas from the solution exiting
the distillation apparatus 6, and for the heating of the
carbon dioxide atthe inlet of the generator 8, is 9,480
Kcal/h and 2,273 Kcal/h respectively, totalling
11,752 Kcal/h.

= The heat input necessary for the condensation of
the carbon dioxide gas subsequent to expanding is
6,050 Kcal/h, with an estimated condensation per-
centage of carbon dioxide gas of 27%, and

= The heatinput necessary for the evaporation and
heating to 100°C of the carbon dioxide is 11,280
Kcal/h.

[0035] Therefore, the energy necessary to close the
cycle of the working circuit 1 is 5,230 Kcal/h, the low-
grade thermal energy inputbeing 11,752 Kcal/h, implying
a theoretical thermal efficiency of the system estimated
at 44.5%.

[0036] Inspite ofthefactthatreference has been made
to a specific embodiment of the invention, itis evident to
a person skilled in the art that the system described is
susceptible to numerous variations and modifications,
and that all the details mentioned may be substituted by
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other technically equivalent details, without departing
from the scope of protection defined by the attached
claims.

Claims

1. Asystemforthe production of electrical energy, com-
prising a first thermodynamic working circuit (1)
which employs carbon dioxide to obtain energy by
means of the system energy generator (8), charac-
terised in that said thermodynamic working circuit
(1) is associated in parallel with a secondary absorp-
tion and evaporation circuit (2) of ammonia sized to
condense, by means of a solution of ammonia of the
secondary circuit (2), the carbon dioxide gas coming
from a turbine associated with the generator (8), said
system further comprising a low-grade thermal en-
ergy (E) recovery device (5a,5b,5c), sized to evap-
orate ammonia from the solution of ammonia in the
secondary circuit (2), a fraction of the low-grade ther-
mal energy (E) captured by said device (5a,5b,5¢)
being susceptible to being used to evaporate the
condensed carbon dioxide and to superheat the car-
bon dioxide gas in the working circuit (1).

2. Asystem as claimed in claim 1, where said second-
ary circuit (2) of absorption and evaporation of gas
comprises a first heat exchanger (11) for the con-
densation, by means of a cooling fluid (R), of the
evaporated ammonia gas coming from the solution
ofammoniain the secondary circuit (2),and a second
heat exchanger (7) sized to condense the carbon
dioxide by means of the solution of ammonia arriving
from said first heat exchanger (11), enabling said
second heat exchanger (7) to evaporate the ammo-
nia condensed in the first heat exchanger (11) by
means of the thermal energy provided by the carbon
dioxide at the outlet of the turbine associated with
the electrical generator (8), said secondary circuit
(2) comprising an absorption column (3) of the am-
monia gas evaporated in the second heat exchanger

).

3. A system as claimed in claim 2, where said absorp-
tion and evaporation secondary circuit (2) comprises
a third heat exchanger (9) sized to evaporate the
condensed carbon dioxide by means of the heat re-
covered by the solution of ammonia in contact with
the device (5a,5b,5¢).

4. A system as claimed in claim 3, where the outlet for
the solution of ammonia from said third heat ex-
changer (9) is connected to an inlet of the ammonia
gas absorption column (3).

5. Asystem as claimed in claim 4, where the liquid car-
bon dioxide outlet of the second heat exchanger (7)
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is connected to the carbon dioxide inlet of the third
heat exchanger (9), while the ammonia gas outlet of
the same second heat exchanger (7) is connected
to aninlet of the ammonia gas absorption column (3).

A system as claimed in any of the preceding claims,
where said low-grade thermal energy (E) recovery
device comprises heat exchangers (5a,5b) associ-
ated with a distillation apparatus (6) to evaporate, by
means of low-grade thermal energy (E), a fraction
of the ammonia gas from the solution of ammonia in
the secondary absorption and evaporation circuit (2).

A system as claimed in claim 6, where said device
further comprises a heat exchanger (5c) to super-
heat, by means of low-grade thermal energy (E), the
carbon dioxide gas at the inlet of the turbine associ-
ated with the electrical generator (8).

A system for the production of energy, as claimed in
any of claims 1 to 7, where the working pressure of
the ammonia gas is between 1 bar and 12 bar and
the working pressure of the carbon dioxide gas is
between 30 bar and 65 bar.

A system for the production of energy, as claimed in
claim 1, where the concentration of ammonia gas in
the solution of ammoniain the secondary absorption
and evaporation circuit (2) is between 35% and 45%
by weight.

A system for the production of energy, as claimed in
any of the preceding claims, where said low-grade
thermal energy (E) comes from heat sources with a
temperature not surpassing 150°C.

An electricity-generating unit comprising the system
as claimed in any of claims 1 to 10 for the obtaining
of electrical energy by means of a generator coupled
to the output shaft of a carbon dioxide expansion
turbine.
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