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APPARATUS FOR PRODUCING ELECTRICITY,
- AND RELATED PROCESS

Field of the Invention

The present invention relates to the field of the production of energy from non-
polluting renewable sources or green sources, and it refers to an apparatus for
producing energy starting from molecular hydrogen, oxygen and water, that can be
used for both civil use and industrial applications.

State of the Art

Molecular hydrogen, or dihydrogen, is constituted by a molecule of two hydrogen
atoms and its formula is Hy; incorrectly, it is generally referred to simply as "hydrogen".
In conditions of room temperature and pressure, it appears as a colourless and
odourless gas and it may be obtained by various methods, even on a large scale, on
industrial scale, for instance by electrolysis of water or by reforming of natural gas or of
other hydrocarbons. The industrial production of this gas is a process widely used and
now acquired, also because its uses are many and widespread since long time, and
they range from the production of ammonia to the use as an alternative fuel to
hydrocarbons.

Molecular hydrogen is in fact a gas which combustion is particularly
advantageous from the point of view of emissions, which are much less polluting than
those emitted by any other type of fuel: the main product of the combustion of
molecular hydrogen with oxygen or air as oxidizing is in fact simply water, or better
water vapour. For this reason, in recent years there have been numerous attempts to
develop systems to produce "clean” energy from the combustion of molecular
hydrogen, alone or in mixture with other fuels, for example with methane. These
technological systems that exploit molecular hydrogen as an energy source have been
developed both for the application to mobile devices in the transport sector is also for
application to stationary devices in the production of energy in industrial and domestic.

Molecular hydrogen is in fact a gas whose combustion is particularly
advantageous from the point of view of emissions that are much less polluting than
those emitted by any other type of fuel: the main product of the combustion of

molecular hydrogen with oxygen or air as combustive agent is in fact simply water, or
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better water vapour. For this reason in recent years there have been numerous
attempts to develop systems for producing "clean" energy from the combustion of
molecular hydrogen, alone or in mixture with other fuels, such as methane. These
technological systems that exploit molecular hydrogen as an energy source have been
developed both for the application to mobile devices in the transport sector and also for
the application to stationary devices in the production of energy in industrial sectors as
well as in the domestic sphere.

Up to now, however, such technologies have not had the expected development
due to various kinds of problems, among which the main concern relates to storing
hydrogen in relatively small volumes and complexity of the technology necessary for
processing energy / hydrogen / energy and transport of molecular hydrogen, which
makes its practical applications in the production of energy excessively expensive.

Opposite to its positive characteristics in terms of emissions, molecular hydrogen
also has an energy density per unit of volume that is much lower than that of any other
fuel which, again, makes it inconvenient its practical use as fuel to produce energy.

As far as the Applicant is aware of, these technical disadvantages have not been
effectively solved to date, so that the technical problem of developing a system
efficient and safe for the production of clean energy by using molecular hydrogen as a
fuel remains still unsolved.

Subjects of the Invention

A subject of the present invention is therefore to provide an apparatus and a
process for producing electric energy based on the combustion of molecular hydrogen,
which is efficient and makes use of a technology having costs relatively low.

A further subject of the present invention is to provide an apparatus and a
process for producing energy that only use as main consumable materials renewable
materials, such as molecular hydrogen, oxygen and water, without producing polluting
emissions.

A further subject of the present invention is to provide an apparatus and a
process for producing electric energy for civil and industrial uses, which further allows
recovering the water vapour produced for generating sanitary water or for the use in

heating systems.



10

15

20

25

30

WO 2016/009385 PCT/IB2015/055393

These and further subjects are provided by the apparatus for producing electric
energy according to the invention, whose essential characteristics are as defined in the
first of the attached claims, and by the related process for producing electric energy
according to the invention, whose essential characteristics are as defined in the claim
9 here attached.

Further important characteristics of the apparatus and of the process of the
present invention are defined in the related dependent claims here attached.

Brief Description of the Drawings

The features and advantages of the apparatus and of the process for producing
energy according to the present invention will be clarified in the following exemplary
and non-limiting description of an embodiment thereof, with reference to the attached
figure wherein:

- the figure 1 is a front view of a combustion cell comprised in the
apparatus of the present invention;

- the figure 2 is an exploded view of the main bcomponents of the
combustion cell of Figure 1;

- the figure 3 shows a block diagram of the process according to the
present invention.

Detailed Description of the Invention

With reference to said figures, and more in particular for the moment with
reference to Figures 1 and 2, it is illustrated an apparatus for producing electric energy
according to the present invention comprising a combustion cell 1, for the combustion
of molecular hydrogen, typically made of steel. The Figures 1 and 2 depict a
combustion cell 1 having a hollow body 2 of substantially cylindrical form, but it is
meant that different forms of the cell's body, for instance a parallelepiped form with
square or rectangular base, are anyway to be considered as comprised in the scope of
the present invention. The body 2 of the combustion cell 1 is closed by two blind
flanges 3, which close the body 2 on opposite sides by means of a suitable connection
system, for instance by fixing with a support ring 3', or by another system that is
suitable to be used with materials at high pressure. The present combustion cell 1

further comprises at least a valve 4 for the supply of molecular oxygen and at least a
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valve 5 for the supply of water, which allow introducing respectively hydrogen and
sprayed water inside the combustion cell, by means of suitable nozzles. At least a
further valve, not represented in the figure, has the function to introduce oxygen in the
combustion chamber 1. Such supply valves are typically electromechanical valves and
are each accompanied, upstream, by a check valve for security against backfiring.

The water supplied to the combustion cell in the present apparatus may be water
taken from a dedicated tank or, preferably, recycle water coming from the combustion
cell in the form of water vapour, collected downstream of the cell and deposited in a
special collection tank from which it is taken when needed.

With reference to the Figure 2 it is further illustrated a micro-holed element 6,
comprised in the present apparatus and made of titanium or of a titanium alloy,
intended to be placed inside the body 2 of the combustion cell. In the alternative, the
present micro-holed element 6 can be made of a core in steel or any other analogous
material, completely coated by a surface layer of titanium or of a titanium alloy. By the
term “micro-holed element’ in the present invention a body is meant that is provided
with through holes of dimensions of the order of millimetres, preferably all having the
same dimensions, ranging for instance between 0.5 and 2 mm, and positioned at equal
distance between each other, for instance at a distance comprised between 1.5 and
2.5 mm, and preferably at a distance equal to about 2.0 mm. The form and dimensions
of the micro-holed element according to-the invention may be various and depend on
the form and dimensions of the combustion cell where the micro-holed element is
positioned; it is critical that the micro-holed element 6 is fixed inside the cell in such a
position as to be invested by the flow of hydrogen entering parallel to the through holes
on its surface, and positioned so that every point of said element is at a distance not
exceeding 30 cm from the nozzle of the valve for the supply of hydrogen, preferably at
a distance comprised between 5 and 10 cm, and more preferably at a distance
comprised between 2 and 5 cm.

According to the present invention the micro-holed element 6 may be fixed at
one of the blind flanges 3 closing the cell. In Figure 2 it is illustrated a preferred
embodiment of the micro-holed element 6, having the form of a plate, which may be

fixed to the cell by one or more fixing means, such as two drilled bolts 7, which can
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allow wires and cables to come out from inside the plate towards the outside of the
cell.

According to a preferred embodiment of the present invention the holes of the
micro-holed element have frustoconical shape, all with their major base on the same
surface, intended for being hit by the flow of hydrogen. In other words, in this
embodiment, the position of the micro-holed element inside the combustion cell must
be such that the flow of hydrogen strikes the micro-holed element on the side on which
the major bases of the frustoconical holes is exposed.

As a matter of fact, the micro-holed element, during operation of the combustion
apparatus of the present invention, must be heated, for example to be able to assume
an operating temperature comprised between about 180°C and about 300°C, and it
can be heated to such temperatures thanks to appropriate electrical resistances inside
the element itself, supplied from the outside through wires passing in the above
mentioned perforated fixing means.

in order to achieve the condition of keeping a distance less than 30 cm between
the micro-holed element and the nozzle of the valve for supply of molecular hydrogen,
the present apparatus can comprise only one micro-holed element in the form of a
plate and, depending on the dimensions of the plate, one or more nozzles for
supplying hydrogen, so that each point of the micro-holed plate is at a distance less
than 30 cm, preferably at a distance between 5 and 10 cm, and more preferably at a
distance between 2 and 5 cm, from at least one of the nozzles. Alternatively, the
present combustion apparatus may comprise more micro-holed plates arranged in
parallel among each other, so as to achieve the above said conditions for the distance
from the nozzles of the valves for supplying hydrogen. '

According to a further embodiment, the micro-holed element can have
substantially the same form of the combustion cell, but smaller dimensions so as to
form inside the hollow body 2 of the cell a kind of interspace with micro-holed portions,
each placed at a distance not exceeding 30 cm from a nozzle of a valve for supplying
hydrogen.

According to a particular embodiment of the invention, to the fixing means 7 of

the micro-holed element are anchored one or more piezoelectric ignition elements that,
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at the request of an external battery to which they are connected, can bring the
temperature of the micro-holed element to the desired value in case of breakage or
malfunction of the main device for the increase of temperature of the micro-holed
element.

Combustion cells according to the invention, suitable for domestic use, having,
therefore small size, can for example have a body 2 with dimensions of 6-8 cm of
thickness and about 30 cm in height, with about 20 cm in diameter in the case of cells
having a cylindrical body and 10-20 cm of base side for cells having a body of
parallelepiped shape. Also the dimensions of the micro-holed element of titanium will
be determined accordingly so as to provide an element of dimensions suitable for the
insertion in a cell of the above mentioned dimensions, for example a suitable micro-
holed element is a plate that is about 3 cm thick, about 25 cm tall and about 15 cm in
width.

Also the number of the supply valves, for supplying molecular hydrogen, oxygen
and water, is commensurate with the size of the cell of combustion and it will be
greater the larger is the cell. For a cell of the dimensions mentioned above, the valves
for supplying hydrogen are for example three in number, and the valves for the supply
of water and oxygen are two in number. The apparatus according to the present
invention further comprises at least a motorized valve for the controlled discharge of
steam and, preferably, also one or more safety valves, such as a static safety valve
and a dynamic safety valve, for the discharge of the gas inside the cell in emergency
situations, such as when the internal pressure of combustion cell exceeds a certain
threshold value, or during the maintenance operations of the apparatus.

According to a preferred embodiment of the invention, on the combustion cell are
also placed at least one pressure sensor 8 and at least one temperature sensor 9 in
order to constantly check the parameters of temperature and pressure within the cell
during its operation. The values of temperature and pressure detected can be read
directly on the instrument or, according to a preferred embodiment, the relevant data
can be‘ transferred to an external unit able to collect, store and manage such data, for
example to a programmable logic controller (or PLC, Programmable Logic Controller)

which has also the purpose to control the operation of the apparatus depending on the
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values of the above said parameters as detected.

The above external unit, for example a control unit of the PLC type, may also
advantageously control the operation of all the various valves present in the apparatus
including, for example, the motorized valve for the controlled release of water vapour
or the valve for supplying hydrogen or again the dynamic safety valve, on the basis of
the pressure values required by the plant and / or pre-set in the program that the PLC
unit is running, and the values detected. The PLC unit, again on the basis of the data
pre-set in the program that is running, may also control the supplying of the hydrogen
flow to supply it at predetermined time intervals.

The process for producing electric energy according to the invention, based on
the use of an apparatus as the apparatus described above, comprises the following
steps: |

a) heating of a micro-holed element (6) up to a temperature ranging from
180°C and 300°C;

b) feeding of molecular hydrogen and feeding of oxygen by spraying inside
said combustion cell (1);

c) combustion of hydrogen with increase of temperature inside said
combustion cell (1) up to a value comprised between about 650°C and
about 1000°C; and preferably to a temperature comprised between about
650°C and about 700°C;

d) feeding of water by spraying inside the combustion cell with formation of
water vapour at high temperature and pressure;

e) controlled discharge of the water vapour formed in the step d) for the
supply of a steam turbine that generates electric energy;

f) re-carrying out of the steps from b) to e) to create a continuous cycle
where the combustion cell is supplied with molecular hydrogen, oxygen
and water and electric energy is produced from the water vapour formed.

According to a preferred embodiment of the process of the present invention, the
water vapour leaving the turbine is passed through a chiller to bring its temperature to
values lower than 90°C. In this way the water vapour produced is not dispersed in the

form of vapour, but water is recovered that can be used for re-entry into the
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combustion cell for a subsequent cycle. The water recovered,‘ typically at a
temperature of 70-80°C, can be moreover used for heating radiant groups or radiators
or as sanitary water; in this latter case, a heat exchanger fed by a flow of external
water, which does not interfere on the cycle of production of energy in the combustion
cell, is introduced into the chiller, thus allowing the passage of water at a higher
temperature, which can then be taken for use as sanitary water.

According to the process of the invention in the initial steps from a) to c), the
combustion of molecular hydrogen occurs thanks to the presence in the cell of the
micro-holed element 6, and more in particular to the fact that it is previously heated
and to the fact that the hydrogen sprayed in contact with the micro-holed element
generates a friction that, together with the high temperature and the presence of
oxygen acting as combustive agent, causes the hydrogen combustion and the rise of
temperature inside the cell. This phenomenon is particularly effective when the micro-
holed element has holes of frustoconical shape, as described above, being in this case
greater the friction generated by the flow of hydrogen entering into the holes.

The rise of temperature inside the cell is preferably controlled so that the
temperature does not exceed about 700°C; the inside of the combustion cell can be
anyway coated by a ceramic layer having high thermal resistance or by an analogous
material having for instance a thickness comprised between 10 and 20 mm
approximately.

in the subsequent steps d) and e) the combustion cell is fed With water, thus
being charged with water vapour having high pressure, typically about 40-50 atm; the
discharge of the so-formed vapour occur under controlled conditions, thanks to a
motorized valve, which creates a flow of vapour with a pressure of about 2-6 atm
towards the turbine. The combustion cell, emptied of the vapour, typically drops to
values of temperature around 550°C, then it is fed again with molecular hydrogen and
oxygen that, thanks to the friction with the heated micro-holed element, undergoes a
new combustion and raises the temperature in the cell, fed again with water that forms
water vapour, which is led to the turbine to generate electric energy, and so on from
cycle to cycle.

It should be noted that the amount of molecular hydrogen for feeding the
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combustion cell with in the normal operating phases of the present apparatus, is lower
than the amount of molecular hydrogen for feeding the same cell in the starting step
b). Once triggered the first phase of combustion, the process of the present invention
produces energy with even greater efficiency, consuming a smaller amount of
molecular hydrogen.

it is easily understood from what said above how the apparatus for the
production of energy according to the present invention provides a solution of great
practicality and effectiveness, able to fully respond to the predetermined purposes at
relatively low cost.

As a matter of fact the present apparatus allows producing electrical energy from
renewable sources without emission of any kinds of pollutants. The present apparatus
for producing energy finds a privileged application in domestic plants where the small
dimensions of the plant helps maintaining low the costs of the technology used and the
recovery of the vapour formed is maximized by the immediate recovery for the heating
system and for the production of sanitary water.

A further advantage of the apparatus for producing energy according to the
present invention is the fact that it may be used not only for domestic and industrial
application in new plants, but also in pre-existing plants, for instance for converting
hydrocarbons power plants, for haulage, in particular by trains and subway trains.

The present invention was anyway herein described with reference to preferred
embodiments. It is to be understood that there may be other embodiments afferent to
the same inventive core, as defined by the scope of protection of the claims set out

below.



10

15

20

25

30

WO 2016/009385 PCT/IB2015/055393

10

CLAIMS
An apparatus for the production of electric energy starting from molecular
hydrogen and water, comprising a combustion cell (1) comprising a hollow body
(2) of substantially cylindrical or parallelepiped shape, said body (2) having at
least one valve for the supply of molecular hydrogen (4), at least one valve for
the supply of oxygen and at least one valve for the supply of water (5) for the
introduction of said hydrogen, said oxygen and said water in said body (2) by
means of suitable nozzles, and also having at least one valve for the emission
of water vapour, said apparatus being characterized in that it further comprises
at least one micro-holed element (6) made of titanium or of a titanium alloy and
provided with a heating system and through holes of dimensions of the order of
millimetres, fixed inside said body (2) in such a position as to be invested by the
flow of hydrogen entering parallel to the through holes on its surface, and
positioned so that every point of said element is at a distance not exceeding 30
cm from the nozzle of said at least one valve for the supply of hydrogen.
The apparatus according to claim 1, wherein said micro-holed element (6)
consists of a micro-holed plate or of more micro-holed plates placed in parallel
amongst each other.
The apparatus according to claim 1, wherein said micro-holed element (6)
consists of a hollow body having substantially the same shape of said hollow
body (2) and smaller dimensions so as to form a sort of interspace between the
outer wall of said micro-holed element (6) and the inner walls of said hollow
body (2).
The apparatus according to any one of the preceding claims, wherein said
micro-holed element (6) has holes of frustocohnical shape, all with their major
base on the same surface of said element intended for being hit by the
hydrogen flow.
The apparatus according to claim 1, wherein said heating system of the micro-
holed element (6) consists of a system of electrical resistors placed inside the
element itself, and fed from the outside of said cell combustion.

The apparatus according to claim 1, further comprising at least one pressure



10

15

20

25

30

WO 2016/009385 PCT/IB2015/055393

10.

11.

a)

11

sensor (8) for measuring the pressure inside said combustion cell (1).

The apparatus according to claim 1, further comprising at least one
temperature sensor (9) for measuring the temperature inside said combustion
cell (1).

The apparatus according to claim 1, further comprising a steam turbine
connected to said combustion cell (1) in such a way that the water vapour
produced in said combustion cell is conveyed with a controlled flow inside said
steam turbine, generating electric energy.

The apparatus according to any one of the preceding claims, further comprising
a control unit for controlling the operation of said apparatus, said unit being
able to collect, store and manage data detected by said sensors, and to control
the operation of said valves according to said detected data and/or pre-set data
in said control unit.

A process for the production of electric energy starting from molecular
hydrogen and water in an apparatus as defined in claims 1-9, comprising a
combustion cell (1) and a micro-holed element (6) positioned inside said cell,
said process comprising the following steps:

heating of a micro-holed element (6) up to a temperature ranging from 180°C

and 300°C;

b) feeding of molecular hydrogen and feeding of oxygen by spraying inside said

c)

combustion cell (1);
combustion of hydrogen with increase of temperature inside said combustion

cell (1) up to a value comprised between 650°C and 1000°C;

d) feeding of water by spraying inside said combustion cell (1) with formation of

e)

f)

water vapour at high temperature and pressure;

controlled discharge of the water vapour formed in step d) for the supply of a
steam turbine that generates electric energy;

re-carrying out of steps from b) to e) to create a continuous cycle where said
combustion cell (1) is supplied with molecular hydrogen and water and electric
energy is produced from the aqueous vapour formed.

The process according to claim 10, wherein the increase of temperature in step
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12.

12

c) brings the temperature to a value comprised between about 650°C and
about 700°C.

The process according to claim 10, wherein the water vapour leaving said
turbine is passed through a chiller to bring its temperature to values lower than
90°C, and the water thus obtained is recovered for re-entry into said
combustion cell (1) for a subsequent cycle and/or used for heating radiant

groups or radiators and/or for the production of sanitary water.
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