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APPARATUS AND METHOD FOR SOLAR-BASED TREATMENT OF
INDUSTRIAL WASTE WATER

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to a method and
apparatus for wastewater treatment, and, more particularly, but not exclusively, to such

a method and apparatus for treatment of industrial waste water containing high levels of
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organic pollutants and salts.

Industrial wastewater treatment has used various technologies over the years.

The vast majority of treatment plants are based on biological processes, aerobic
or an-aerobic or a combination of the two, and this is generally sufficient for domestic
waste.

Recently MBR, membrane biological reactors, have entered the market,
combining ultra-fine filtration with biological activity.

When dealing with wastewater containing high concentrations of organic matter
or wastewater containing more than 3% salts, levels typical of industrial waste, then
biological processes are not effective enough and other technologies have to be
considered.

Such technologies include low and high pressure oxidation, super critical water

oxidation etc.

Such technologies come under the heading of advanced oxidation processes

AOP.

The common factor in all these advanced technologies is the need for energy
input which renders the processes expensive and in most cases even prohibitively so.

In the events of wastewater containing both high concentrations of organics and
salt, two difficult problems have to be solved.

The first 1s the destruction of the organics in the wastewater, and the second is
the separation of salts from the water or distillation, to produce water that contains no
harmful or hazardous organics and no salts, so the water can be reused or discharged
safely to the environment. The present application addresses ways to carry out AOP,
that 1s both to separate out the salts and to destroy the organic compounds, without

Incurring an excessive energy cost, either in environmental or economic terms.
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SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is
provided a method of wastewater treatment comprising:

providing waste water to a vessel within a solar collector; and

superheating the waste water under pressure within the vessel using solar energy
of the solar collector, thereby to provide oxidation conditions from the solar energy to
oxidize organic matter in the waste water.

In an embodiment, the solar collector comprises a parabolic-type reflector
having a focal axis, and the vessel comprises a tube extending along the focal axis.

An embodiment may comprise:

pretreating the wastewater to produce a clear effluent; and

providing the effluent to the vessel.

An embodiment may comprise adding oxidizingﬁ agents to the effluent under
pressure 1n the vessel, thereby to assist the oxidation.

An embodiment may comprise retaining the waste water under the oxidation
conditions for a period of time determined according to a concentration of organic
matter therein.

An embodiment may comprise passing the effluent from the solar collector
following oxidation, to a flash chamber, therein to boil .the effluent 1into a vapor and
leave a brine containing dissolved salts.

An embodiment may comprise passing the vapor to a heat exchanger to
condense and therefrom to create additional vapor during condensation of the vapor.

An embodiment may comprise passing the condensed vapor to a steam stripper,
therein to use the additional vapor as a stripping medium for removal of residual
organic matter. |

In an embodiment, the residual organic matter is treated by thermal oxidation.

In an embodiment, the solar collector comprises a trough-type collector having a
focal axis and the length of piping extends along the focal axis.

In an embodiment, the length of piping is built to withstand a temperature in

excess of 400 degrees Celsius and a pressure of at least 30 bar.
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3
According to a second aspect of the present invention there is provided

apparatus for wastewater treatment comprising:

a pressure vessel within a solar collector, configured for superheating the waste
water under pressure therewithin using solar energy of the solar collector, thereby to
provide oxidation conditions from the solar energy to oxidize organic matter in the
waste water.

In an embodiment, the solar collector comprises a parabolic—type reflector
having a focal axis, and the vessel comprises a tube extending along the focal axis.

An embodiment may comprise a pretreatment unit for pretreating the wastewater
to produce a clear effluent, the clear effluent being provided to the vessel.

In an embodiment, oxidizing agents are located with the effluent under pressure
in the vessel, thereby to assist the oxidation.

In an embodiment, the vessel is provided with flow control for retaining the
waste water under the oxidation conditions for a period of time determined according to
a concentration of organic matter therein.

An embodiment may comprise a flash chamber loéated after the vessel and held
substantially at atmospheric pressure, therein to boil the effluent into a vapor and leave
a brine containing dissolved sallts.

An embodiment may comprise a heat exchanger located after the flash chamber
to condense and therefrom to create additional vapor during condensation of the flash
chamber vapor.

An embodiment may comprise a steam stripper, loéated after the heat exchanger,
therein to use the additional vapor as a stripping medium for removal of residual
organic matter. |

In an embodiment, the solar collector comprises a trough-type collector having a
focal axis and the vessel comprises a pipe extends along the focal axis.

The pipe may be built to withstand a temperature in excess of 400 degrees
Celsius and a pressure of at least 30 bar. .

In an embodiment, the pipe comprises a metal container surrounded by a glass
jacket, with a sealed vacuum layer interposing between the metal container and the
glass jacket. Unless otherwise defined, all technical and/or scientific terms used herein

have the same meaning as commonly understood by one of ordinary skill in the art to
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4
which the invention pertains. Although methods and materials similar or equivalent to

those described herein can be used in the practice or testing of embodiments of the
invention, exemplary methods and/or materials are described below. In case of conflict,
the patent specification, including definitions, will control. In addition, the materials,
methods, and examples are illustrative only and are not intended to be necessarily

limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of
example only, with reference to the accompanying drawings. With specific reference
now to the drawings in detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of embodiments of the invention. In
this regard, the description taken with the drawings makes apparent to those skilled in
the art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 1s a simplified diagram showing a general overview of a first
embodiment of the present invention;

FIG. 2 1s a block diagram illustrating a second embodiment of the
present invention;

FIG. 3 is a schematic diagram showing a tube for carrying effluent
through a solar array to create oxidation conditions using solar energy, according to an
embodiment of the present invention;

FI1G. 4 1s a schematic diagram of a solar collector element of a solar array
that can be used with the present embodiments; and

FIG. 5 1s a simplified diagram illustrating vapor and brine flows around

the salt crystallization mechanism of the present embodiments.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to a method
and apparatus for wastewater treatment, and, more particularly, but not exclusively, to
such a method and apparatus for treatment of industrial waste water containing high

levels of organic pollutants and salts.
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5
Such a method may use solar energy for oxidizing the organic pollutants.

The method may in particular superheat the waste water within a vessel in a solar
collector at an elevated temperature and pressure, using solar energy of the solar
collector. Thus within the vessel are created oxidation conditions from the solar energy
which can oxidize organic matter in the waste water.

The solar collector may comprise a parabolic —type reflector having a
focal axis. The vessel may then be provided as a tube extending along the focal axis.
The waste water then flows through the pipe at a flow rate that allows it to heat up to
provide the superheating conditions.

The waste water as provided to the vessel is ideally a clear effluent and thus the
oxidation stage may be preceded by a pretreatment phase of removing solids and
suspended particles.

Oxidizing agents may be added to the effluent under pressure in the
vessel, as 1s known 1n the art, to assist the oxidation.

The waste water may be retained under oxidation conditions for a
variable period of time determined according to a concentration of organic matter
therein that needs to be oxidized.

Effluent may subsequently be passed from the solar collector and the
high temperature high pressure conditions, to a flash chamber at atmospheric pressure.
The superheated water instantaneously vaporizes and leaves behind a brine containing
dissolved salts. Such a stage may be left out if the waste water does not contain high
concentrations of dissolved salts.

Following the vaporization stage in the flash chamber a heat exchanger may be
used to condense the vapor and extract energy of condensation therefrom to create
additional vapor.

The condensate may then be passed to a steam stripper to remove any residual
organic matter that has survived the oxidation stage. The additional vapor may provide
a stripping medium for removal of the residual organic matter.

The vessel or length of piping may be built to withstand a temperature in excess
ot 400 degrees Celsius and a pressure of at least 30 bar, or even 50 bar, so as to provide

the necessary oxidation conditions. The skilled person will appreciate that the oxidation
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6
conditions may be varied in accordance with the type of industrial waste that the plant is

being designed for.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
tollowing description and/or illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in
various ways.

Referring now to the drawings, Figure 1 is a simplified flow diagram showing a
generalized process according to an embodiment of the present invention for treating
industrial waste water having relatively high concentrations of dissolved salt and
organic matter.

The present embodiments are aimed at achieving the destruction of organic
matter in wastewater, and salt separation in the form of distillation, as an effective
system for the treatment particularly of industrial wastewater which is characterized by
containing high concentrations of organic matter and salts.

Eftluent 1s superheated in a stage 10, to high temperature and pressure using
solar energy. Temperatures in excess of 200 degrees, for example 250 degrees, and in
excess of 400 degrees, for example 450 degrees at pressures in excess of 30 bar, for
example 35 bar or 50 bar, may create oxidation conditions which destroy most or all of
the organic matter in the effluent.

The superheated effluent is then passed to a flash chamber at atmospheric
pressure and vaporized — stage 12. A brine containing dissolved salts can be collected
and the vapor left to condense.

The method is based on solar energy and thus it is extremely efficient and cost
effective.

The method 1s now considered in greater detail with reference to Fig. 2, which is
a simplified block diagram illustrating a further embodiment of the present invention.

Initially, wastewater is collected in holding tanks 20 for proper mixing and
maintaining hydraulic balance.

The wastewater undergoes standard physical-chemical pre-treatment 22 to

remove suspended solids and all dissolved metals. This is achieved by using procedures
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7
such as coagulation and flocculation followed by filtering. The result is clear effluent

ready for the next process, and dry sludge for disposal.

Clear effluent that now contains mostly dissolved organics and salts, is stored in
a holding-mixing tank for the next step.

The next step is the oxidation step 24. Wastewater flows inside a vessel,
typically a tube such as tube 40 shown in Fig. 3. The tube is placed along the focal axis
of a trough type solar collector assembly such as assembly 50 shown in Fig. 4. The solar
collector assembly 50 is the trough type, and comprises parabolic shaped concave
mirrors 51 that have a focal axis along which lies the tube 40 in which the wastewater
tflows. The parabolic trough has a cross section of about 5 meters from end to end, as
per arrow 52. The reflecting mirrors can be of glass type and surface coated on the back
or front. Alternatively the reflecting mirrors may be plastic type, again front or back
surface coated. Coating may be in any one of various ways for achieving high
reflectivity and high efficiency.

The tube 40, in which the wastewater flows, may be made from any type of
metal alloy that operates reliably and consistently at the required temperature and
pressure conditions for oxidation. For example one may use 316 stainless or 316Ti
stainless steels, but other alloys are also possible.

The heat collector element comprises the metal tube 40 within which the
wastewater flows. A flexible bellows 42 connects the tube 40, which is part of the solar
array, to inlet and outlet pipes to receive and output the water, an outer protective glass
tube 44, a vacuum insulation layer 46 between the metal tube and the glass tube for
better energy performance and to minimize heat losses by convection, and a glass to
metal seal 48 that joins the metal tube and the glass tube and seals the vacuum.

The metal tube 40 may be coated with a highly selective coating that allows for
high absorption in the solar radiation wavelengths, and low emittence at the temperature
of the tube, to minimize energy losses and maximize efficiency of the solar array. The
coating can be of a type such as black Chrome, cermet: a ceramic-metal composite that
is very efficient, or any other type of selective coating. The coating may be applied by
means such as vacuum sputtering, chemical bath technologies or others, and that can
withstand the required conditions of temperature, and other conditions inside the

collector element.
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The entire solar array may be mounted to follow the sun throughout the daylight

hours to absorb maximum sunlight and to maintain best optical conditions. One way

tracking with the solar array is now the standard for solar power stations.

Process

Returning now to Fig. 2, and in stage 24, wastewater passes inside a HCE (heat
collector element) — tube 40 - of the solar collector array and is heated up by the
collector using concentrated sunlight radiation. The temperature reached is a factor of
the amount of time the water is in the HCE and the amount of solar energy being
collected. The wastewater can reach a temperature of more than 200 C and preferably
more than 400 C. As the wastewater heats up to the required temperature the water
reaches boiling conditions and the pressure inside the tube rises to about 30 to 50 bars
or even more as desired. At these conditions rapid oxidation processes take place in the
wastewater, which may be assisted by addition of oxidation agents to the wastewater
such as H202, H3, or metal-oxides such as Iron Chlorides. At the required temperature
and pressure conditions the oxidation is rapid and conclusive and all or nearly all
organic matter is oxidized to form CO,, including heavy organics and organic salts. The
process 1s also dependent on Ph conditions, and may operate within a Ph range of 5 to
12.

Full oxidation may occur within a few minutes after the required conditions are
achieved. In general, 3 to 5 minutes are sufficient, but in some cases, where heavy
organics are present, a longer exposure time may be required, say about 10-15 minutes.

After passage and exposure for a few minutes in the HCE at the required
conditions, all the organic matter in the wastewater is destroyed and the water contains
only dissolved 1norganic salts, that remain un-affected by the oxidation process. The
water tflows out of the pressurized HCE into a flash chamber held typically at
atmospheric pressure — stage 26. In the flash chamber the water boils spontaneously —
since 1t 1s well above boiling point at this pressure to leave behind a brine containing the
dissolved salts, which do not evaporate. Thus a separation is achieved between the
water vapor and the brine. The brine may now be collected at the bottom of the flash

chamber.
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The separation of the wastewater into vapor and concentrated brine is followed

by the use of the vapor in a suitable heat exchanger mechanism 29 to create more steam
from the energy of condensation while the water vapor condenses.

The condensed water is then supplied to a steam stripper 28 to strip away the
residual organics if any are left after the oxidation in the tube. Steam generated in the
heat exchanger may serve as the stripping media for the condensed wastewater in
thermal oxidizer 30.

The brine collected at the bottom of the flash chamber contains all the dissolved
salts that were in the raw wastewater and by further treatment including concentration
and crystallization, in a suitable standard crystallizer 32, the brine can be reduced to
crystalline solids suitable for landfill disposal.

If the wastewater does not contain salts, then the process may be ended after the
solar collector.

Fig. 5 shows circulation detail of the process for removing salts. Parts that are
the same as in Fig. 2 are given the same reference numerals and are not described again
except as needed for an understanding of the present figure. The flash chamber 26
produces vapor that exits towards mechanical vapor compfessor 29 and brine that exits
towards evaporator 34. The compressor produces compressed steam to power the
evaporator 34 to evaporate and concentrate the brine. The concentrated brine may flow
back to the flash chamber as desired.

In an embodiment the collector array was designed to provide 0.8kW of power
per meter of tube. Approximately 100m of tubing was needed to heat the effluent to
450 degrees Centigrade based on summer conditions- in the Mediterranean area.
Different lengths of tubing or different sizes of collector would be needed for different
seasons and different locations. A pressure of 30 — 35 bars was developed and a flow
rate of 10 Cubic Meters per hour achieved.

The vapor leaving the flash chamber is at 100 degrees but was further heated in
an MVR compressor to 140 degrees.

The overall energy requirement from conventioﬁal sources was approximately
40 kW-h per tonne of wastewater to be treated, compared to about 300kW-h for

conventional processes using standard heating.
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In general, use of solar energy has the problem of what to do during overcast

conditions. Human subjects expect hot water all the time. However in respect of waste

water treatment all that 1s needed 1s sufficient holding capacity to store the water until
sunny conditions return.

The terms "comprises", "comprising”, "includes", "including", “having” and
their conjugates mean "including but not limited to". This term encompasses the terms
"consisting of" and "consisting essentially of™.

As used herein, the singular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise.

It is appreciated that certain features of the invention, which are, for clarity,
described 1n the context of separate embodiments, may also be provided 1n combsnation
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various

embodiments are not to be considered essential tfeatures of those embodiments, unless

the embodiment is inoperative without those elements.

Citation or 1dentification of any reference in this application shall not be
construed as an admission that such reference 1s available as prior art to the present
invention. To the extent that section headings are used, they should not be construed as

necessarily [imiting.
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WHAT IS CLAIMED IS:

1. A method of wastewater treatment for industrial waste water, the
industrial waste water containing at least 3% dissolved salts, the method comprising:

pretreating said waste water to produce a clear effluent;

providing the clear effluent to a pressure vessel within a solar collector, the
pressure vessel being a tube extending along a tube axis and the solar collector being a
trough collector having a focal axis, said tube axis coinciding with said focal axis;

superheating the clear effluent under pressure within said pressure vessel using
solar energy of the solar collector, said solar energy being focused on said tube along
said tube axis, wherein the pressure vessel is provided with flow control configured to
retain the clear effluent under the oxidation conditions for a variable period of time
determined according to a concentration of organic matter in said industrial waste water,
thereby retaining said clear effluent in said tube under oxidation conditions over a
focused solar energy length of said focal axis for said period of time determined
according to said concentration of organic matter in said industrial waste water, thereby
to provide sufficient oxidation conditions from said solar energy to oxidize organic
matter in said clear effluent; and

passing said clear effluent from said solar collector following oxidation, to a
tlash chamber at atmospheric pressure, therein to boil said effluent into a vapor and

leave a brine containing said at least 3% dissolved salts.

2. The method of claim 1, further comprising adding oxidizing agents to

said effluent under pressure in said vessel, thereby to assist said oxidation.

3. The method of claim 1, comprising passing said vapor to a heat
exchanger to condense and therefrom to create additional vapor during condensation of

said vapor.

4. The method of claim 3, further comprising passing said condensed vapor
to a steam stripper, therein to use said additional vapor as a stripping medium for

removal of residual organic matter.
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5. The method of claim 4, wherein said residual organic matter is treated by
thermal oxidation.
6. The method of claim 1, wherein the length of piping is built to withstand

a temperature in excess of 400 degrees Celsius and a pressure of at least 30 bar.

7. Apparatus for treatment of industrial waste water containing at least 3%
dissolved salts, the apparatus comprising:

a pretreatment unit for pretreating said wastewater to produce a clear effluent;

a pressure vessel within a solar collector connected to receive said clear effluent
from said pretreatment unit, the pressure vessel being a tube extending along a tube
axis, configured for superheating the clear effluent under pressure therewithin using
solar energy of the solar collector, wherein said solar collector comprises a trough
collector having a focal axis, said tube axis being aligned with said focal axis, the solar
collector being configured to focus said solar energy along said tube axis to form
oxidation conditions extending along said tube axis, wherein the vessel is provided with
flow control for retaining said clear effluent under said oxidation conditions along said
tube axis for a period of time determined according to a concentration of organic matter
in said industrial waste water, thereby to provide oxidation conditions from said solar
energy to oxidize organic matter in said clear effluent; and

a flash chamber at atmospheric pressure, located downstream of said pressure'
vessel, therein to boil said clear effluent into a vapor and leave a brine containing said at

least 3% dissolved salts.

8. Apparatus according to claim 7, wherein oxidizing agents are located

with said effluent under pressure in said vessel, thereby to assist said oxidation.

9. Apparatus according to claim 7, further comprising a heat exchanger
located after said flash chamber to condense and therefrom to create additional vapor

during condensation of said flash chamber vapor.
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10. Apparatus according to claim 9, further comprising a steam stripper,
located after said heat exchanger, therein to use said additional vapor as a stripping

medium for removal of residual organic matter.

11.  Apparatus according to claim 7, wherein the pipe is built to withstand a

temperature in excess of 400 degrees Celsius and a pressure of at least 30 bar.

12.  Apparatus according to claim 11, wherein said pipe comprises a metal
container surrounded by a glass jacket, with a sealed vacuum layer interposing between

said metal container and said glass jacket.

13.  Apparatus for treatment of industrial waste water containing at least 3%
dissolved salts, the apparatus comprising:

a pretreatment unit for pretreating said wastewater to produce a clear effluent;

a pressure vessel within a solar collector connected to receive said clear effluent
from said pretreatment unit, the pressure vessel being a tube extending along a tube
axis, configured for superheating the clear effluent under pressure therewithin using
solar energy of the solar collector, wherein said solar collector comprises a reflector
having a parabolic cross-section and a longitudinally extending focal axis, and said
vessel comprises a tube extending along said focal axis, said tube axis being aligned
with said focal axis, the solar collector being configured to focus said solar energy along
said tube axis to form oxidation conditions extending along said tube axis, wherein the
vessel 1s provided with flow control for retaining said clear effluent under said oxidation
conditions along said tube axis for a variable period of time determined according to a
concentration of organic matter in said industrial wastewater, thereby to provide
oxidation conditions from said solar energy to oxidize organic matter in said clear
eftluent; and

a flash chamber at atmospheric pressure, located downstream of said pressure

vessel, therein to boil said effluent into a vapor and leave a brine containing said at least

3% dissolved salts.
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