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(57) Abstract: An energy-optimized waste treatment apparatus, whose particularity consists in that it comprises a plasma waste
treatment section and a water desalination section, the plasma waste treatment section producing in output inert slag, a synthesis gas
and heat, the synthesis gas and the heat being used to power the water desalination section.
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ENERGY-OPTIMIZED WASTE TREATMENT APPARATUS
DESCRIPTION

The present invention relates to an energy-optimized waste treatment apparatus.
More particularly, the invention relates to a waste treatment apparatus in which
the energy that can be obtained from waste treatment is used to desalinate
seawater in order to obtain potable water.

It is known that waste disposal is one of the most strongly felt problems of
modern time and entails drawbacks both from the point of view of the slag that
inevitably remains after treatment and from the point of view of environmental
pollution.

The above problem is worsened for example in the case of an island, in which
waste generation is a problem because of its disposal, which is usually
performed by shipping the waste to a disposal unit (landfill or incinerator) on
the mainland. At the same time, one of the problems of greatest interest is the
supply of water, which affects both mainland areas and the more so islands.

The supply of desalinated water is in fact a problem, since islands often have no
fresh water springs. Accordingly, the only possibility to supply potable water is
to ship it at high costs.

The problem of waste disposal can be solved in different manners, one of which
is waste incineration, but with consequent drawbacks in terms of environmental
pollution and residual polluting slag to be further disposed of and therefore
treated in order to render it inert.

Another waste treatment method entails transferring the waste to a landfill, but
in this case, too, the process is questionable owing to its limited respect for the
environment and to the loss of the energy content of the waste, which is instead
required by government decrees.

On the other hand, the production of potable water from seawater, i.e. by

desalination, also requires large amounts of energy, which can be supplied on
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an island by shipping fossil fuel, again with a considerable environmental
impact.

The aim of the present invention is to provide an energy-optimized waste
treatment apparatus that allows to utilize the energy that can be obtained from
the waste disposal treatment for the production of potable water, which requires
a high energy quantity.

Within this aim, an object of the present invention is to provide an energy-
optimized waste treatment apparatus that has a very low environmental impact
both in terms of reducing ground pollution and air pollution.

Another object of the present invention is to provide a waste treatment
apparatus that allows to eliminate the shipping of the waste to a landfill area
and the shipping of the water for supply.

Another object of the present invention is to provide a waste treatment
apparatus that also allows to reduce the external energy required for seawater
desalination.

Another object of the present invention is to provide a waste treatment
apparatus that allows to reduce shipping and supply costs of materials such as
water, fuel, construction material and reagents for treating the exhaust gases
generated during a conventional waste treatment.

Another object of the present invention is to provide a method for treating
waste by means of the above cited apparatus.

Still another object of the present invention is to provide a waste treatment
apparatus that is highly reliable, relatively simple to produce, and at
competitive costs.

This aim and these and other objects that will become better apparent
hereinafter are achieved by an energy-optimized waste treatment apparatus,
characterized in that it comprises a plasma waste treatment section and a water

desalination section, said plasma waste treatment section producing in output
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inert slag, a synthesis gas and heat, said synthesis gas and said heat being used
to power said water desalination section.
Further characteristics and advantages of the invention will become better
apparent from the description of preferred but not exclusive embodiments of the
waste treatment apparatus according to the present invention, illustrated only by
way of non-limitative example in the accompanying drawings, wherein:

Figure 1 is an exemplifying block diagram of an embodiment of the
apparatus according to the present invention; and
Figure 2 is a more conceptual block diagram of the waste treatment method
using the apparatus shown in Figure 1.
With reference to the figures, the waste treatment apparatus, generally
designated by the reference numeral 1, comprises a waste treatment section 2
and a section 3, which is arranged downstream of the waste treatment section
and allows to use the energy obtained in the waste treatment section 2 to
desalinate seawater in order to obtain potable fresh water.
The waste treatment section 2 comprises a reactor 4, which operates by means
of a plasma torch system in which an electric arc, sustained between the
electrodes of the torch, allows to reach extremely high temperatures (for
example above 3000 °C) for waste treatment in controlled environmental
conditions (reducing or oxidizing or neutral environment, depending on the
waste to be treated).
These temperatures break up the macromolecules of the waste and cause the
recomposition, at a gaseous level, of simpler molecules, which constitute a
synthesis gas (syngas) that can be reused for energy purposes. In Figure 1, the
syngas is designated by the reference numeral 5.
The material that cannot be gasified by the plasma reactor 4 (metal oxides, inert
material, glass, salts, et cetera) exits as liquefied vitreous slag, which once

cooled proves to be inert, i.e., does not release pollutants even if washed out
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with water. Thanks to these characteristics, the liquefied vitreous slag passes
the leachability tests prescribed by environmental protection authorities.
Accordingly, such slag can be sent to a landfill as inert material without any
risk, or can be used as filler material for building work.

Since the reactor 4 must be kept at the operating temperature and so must the
plasma torches, there is a system for cooling the devices and there is a heat
exchanger for cooling the syngas in order to allow easy cleaning thereof.

The reference numeral 6 designates a heat exchanger, whose function is
described in detail hereinafter.

All this leads to the generation of heat, which can therefore be used for energy
recovery.

A heat generation unit, for example a steam generator 10, is conveniently
arranged between the waste treatment section 2 and the desalination section 3
and is conveniently supplied for example by the exhaust gases that arrive from
a gas turbine 11, which receives in input the syngas 5 produced by the treatment
of the waste in the reactor 4.

The heat exchanger 6 is connected to the steam generator 10, and the steam
generator 10 is in turn connected to the desalination section 3, particularly to a
desalination chamber 13.

The desalination section 3 thus uses the heat generated in the steam generator
10 in order to distill the water from the non-potable aqueous solution
introduced by means of a pump 14 which draws seawater or water with a high
salt content, into the desalination chamber 13.

The end products of water desalination are water, designated by the reference
numeral 15, and a brine 16 with a high concentration of sodium chloride and
calcium chloride. These salts can be reused for sale, or used in a process for
treating the exhaust gases of the waste treatment section 2 in order to purify

said exhaust gases. This can occur for example by pre-processing the salts with
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a strong acid, for example H,SOy, 1n order to provide a basic product to be used
as a reagent for exhaust gas cleaning.

Figure 1 is a view of the desalination chamber 13, divided into two
compartments 13a and 13b, in which the compartment 13a contains water,
which is used to heat the water contained in the compartment 13b and must be
desalinated. In particular, the water contained in the compartment 13a is
introduced, through the heat exchanger 6, in the steam generator 10, so as to
produce steam which is then returned to the compartment 13a, where by
transferring heat it heats the salty seawater contained in the compartment 13b,
and then, as a consequence of said heat transfer, returns to the liquid phase, thus
repeating the cycle.

Conveniently, the syngas 5 introduced in the gas turbine 11 receives the
addition of a fuel, for example methane or oil, in order to obtain a fuel that is
suitable for the steam generator 10.

Moreover, part of the syngas can be fed to the steam generator 10.

The reactor 14 is supplied by electric power, designated by the reference
numeral 20, which can be supplied from outside to the reactor, or can be
obtained from the gas turbine 11.

Figure 2 is a conceptual diagram of the plasma technology which, starting from
a plasma gasification process, step 30, which utilizes waste 31 and uses plasma
32 for the treatment thereof, produces syngas 5 and slag 33, which is then
cooled in a step 34 in order to obtain final slag 35 that can be reused, as
mentioned, and recovered heat 36. At the same time, the syngas 5 is treated in
order to reduce pollution, with heat recovery, 37, which together with the heat
recovery that can be obtained from the cooling of the plasma torches, 38
produces heat 39, which is used in the steam generator 10 or in the heat
exchanger 6.

The syngas 5, after treatment for removing the pollutants, is used for energy
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purposes, step 40, as clean gas 41.

Substantially, the apparatus according to the invention allows to generate
syngas and heat from a plasma treatment of the waste, in order to power a
desalination plant for producing potable water.

In this manner a reduction of pollution of soil, air, water is achieved by means
of a cleaner waste treatment/management, i.e., by means of a plasma treatment,
thus eliminating the shipping of waste and water, since the residual waste of the
plasma treatment is a reusable inert slag, while the generation of potable water
by means of the products obtained from the plasma treatment of the waste
allows to eliminate the shipping of water, for example in the case of islands or
the like.

The use of reagents for exhaust gas treatment also is substantially eliminated,
since the exhaust gases produced by the plasma treatment are far less noxious
than the exhaust gases of a conventional waste disposal treatment, and in any
case the by-products of water desalination can be used to clean the exhaust
gases of the reactor.

In practice it has been found that the apparatus and the method according to the
invention fully achieve the intended aim and objects, since they allow direct
utilization of the energy that can be obtained from waste treatment, for water
desalination, with a number of nonpolluting by-products.

The apparatus and the method thus conceived are susceptible of numerous
modifications and variations, all of which are within the scope of the inventive
concept; all the details may further be replaced with other technically
equivalent elements.

In practice, the materials used, so long as they are compatible with the specific

use, may be any according to requirements and to the state of the art.
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CLAIMS

1. An energy-optimized waste treatment apparatus, characterized in that it

comprises a plasma waste treatment section and a water desalination
section, said plasma waste treatment section producing in output inert slag,
a synthesis gas and heat, said synthesis gas and said heat being used to
power said water desalination section.

The apparatus according to claim 1, characterized in that said waste
treatment section comprises a reactor that operates by means of plasma
torches.

The apparatus according to claim 1, characterized in that it further
comprises a steam generator arranged between said waste treatment section
and said water desalination section, said steam generator being powered by
said synthesis gas and by said heat obtained from the waste treatment, by
means of at least one heat exchanger interposed between said waste
treatment section and said steam generator.

The apparatus according to one or more of the preceding claims,
characterized in that said steam generator is supplied by a gas turbine
powered by said synthesis gas.

The apparatus according to one or more of the preceding claims,
characterized in that said desalination section comprises a desalination
chamber, which is divided into a first compartment and a second
compartment, said second compartment being suitable to contain water to
be desalinated, said first compartment being suitable to contain steam
generated by said steam generator.

The apparatus according to one or more of the preceding claims,
characterized in that said first compartment of said desalination chamber is
connected to said heat exchanger, which is in turn connected to said steam

generator.
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The apparatus according to one or more of the preceding claims,
characterized in that said desalination chamber is supplied with water
having a high salt content by means of at least one pump.

The apparatus according to one or more of the preceding claims,
characterized in that the output products of said second compartment of said
desalination chamber are potable water and brine, said brine comprising
highly concentrated salts.

The apparatus according to one or more of the preceding claims,
characterized in that said synthesis gas supplied to said gas turbine receives
the addition of a fuel.

The apparatus according to one or more of the preceding claims,
characterized in that said fuel supplies both said gas turbine and directly
said steam generator.

An energy-optimized waste treatment method, characterized in that it
comprises the steps consisting of:

a) subjecting waste to be disposed of to a plasma.treatment;

b) obtaining from said plasma treatment a synthesis gas, heat and inert slag;
¢) using said synthesis gas and said heat to desalinate water, in order to
obtain potable water.

The method according to claim 11, characterized in that said step b)
comprises cooling said inert slag for heat recovery.

The method according to claim 12, characterized in that the step a)
comprises the subsequent cooling of the plasma torches used for said
plasma treatment and the recovery of heat from said cooling.

The method according to one or more of claims 11 to 13, characterized in
that said step c) is provided by means of steam generated by a steam
generator powered by said synthesis gas, and by heat recovered from said

plasma waste treatment and supplied to said steam generator.
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15. The method according to one or more of claims 11 to 14, characterized in
that said step ¢) comprises obtaining, as a by-product, brine with a high
concentration of salts, said salts contained in said brine being used to purify
exhaust gases produced by said plasma waste treatment.

16. The method according to one or more of claims 11 to 15, characterized in
that said synthesis gas obtained from said plasma treatment of said waste
receives the addition of a fuel for powering said steam generator, in order to

generate said steam used for water desalination.
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