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MULTI-STAGE DISTILLATION SYSTEM, METHOD FOR OPERATI NG SAME

Technical Area

The invention relates to a multistage distillation system,
wherein each stage operates in a higher pressure an d
temperature range than its ensuing stage during
operation, wherein each stage comprises an evaporat or
and condenser with one pressure-tight container eac h,
with an upper spray inlet for introducing and spray ing
added liquid, as well as with a lower outlet for
letting out captured liquid, as well as with a stea m
space between the spray inlet and the captured liqu id,

wherein the steam space of each evaporator is
compressively bonded with the steam space of the

condenser of the same stage by a pressure-tight ste am
pipe with a cross section large enough that the

pressure in the two steam spaces of one stage can

always balance itself out during operation, and

wherein the outlet of each evaporator is connected

with the spray inlet of the next evaporator and the

outlet of the last evaporator is connected with the

spray inlet of the first evaporator by a respective

pressure-tight liquid line to vyield an evaporator

circuit, and wherein the outlet of each condenser i S
connected with the spray inlet of the preceding

condenser and the outlet of the first condenser is

connected with the spray inlet of the last condense r
by a pressure-tight liquid line to yield a condense r
circuit. In addition, the invention relates to a

method for implementing such a distillation system,

along with a controller for its operation.

Prior Art
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Distillation systems have long been known. For exam ple,
they serve to prepare water or separate alcohol fro m
other liquids, and are used in numerous other syste ms.
In principle, the liquid to be distilled is evapora ted
while exposed to heat, so as to separate it from th e
residues, for example from salts or other liquids w ith
a higher boiling point. The steam is finally cooled in
another chamber, causing it to condense into the
distillate.

In recent years, the systems were improved so as to raise
the efficiencies and simplify the controllers. WO
2008/122136 describes an advantageous system accord ing
to prior art with a high efficiency. It is preferab ly
used in the environment of heat-emitting systems, s uch
as power plants, the released thermal energy of whi ch

can be used free of charge or inexpensively. In

particular, this type of distillation system can al SO
be given a multistage design, so as to utilize the

entire provided differential temperature range, for

example 50-100°C.

Available to make optimal use of the provided heat for the
intended purpose are heat exchangers and other know n
auxiliaries, which are sufficiently known. In
addition, electrical current is also required for
operating such a distillation system, specifically

among other things for conveying the liquids by mea ns
of pumps or operating vacuum pumps for siphoning
incondensable gases. The power required for operati ng

such systems makes up a significant portion of the

overall operating costs. Therefore, the power

requirement must be lowered to make the distillatio n
system less expensive to operate.

Description of the Invention




Therefore, the object of the present invention is t 0
improve a multistage distillation system of the kin d
described at the outset in such a way as to lower
power consumption during operation. Another object of
the present invention is to describe a method that
implements such a distillation, as well as controll er

for its operation.

The object is achieved by the features in the indep endent
claims for the respective categories.

According to the invention, the distillation system

described at the outset encompasses a pressure-tigh t

steam line, which at a first end is connected with one
of the pressure-tight liquid lines between two

adjacent condensers or with the pressure-tight liqu id

line between the last and first evaporator. In

addition, the second end of the pressure-tight stea m
line is connected with a steam space, which during

operation has a higher pressure than the pressure i n
the steam space into which the liquid flows in the

pressure-tight liquid line for pressurizing the lig uid

with a higher pressure as well as for conveying the

liquid.

This pressurization exposes the liquid in the liqui d line
to a higher pressure, which allows it to evaporate in
a stage with a higher temperature. In addition, the
pressurization can convey the liquid into a contain er

arranged at a higher potential without having to us
electrical current for this purpose. As a result, n

pump whatsoever is required during continuous
operation.
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pumps are still placed in the evaporator and
condenser circuit, they are only necessary to start
the process at the outset. The process already runs
automatically within several minutes, without pumps
having to be operated for circulating the liquids i

the circuits. Only a vacuum pump for siphoning
incondensable gases at the end of the condensation
pathways in the condensers must every so often be m
operational, but only for a short time.

consumption can be drastically lowered in the
distillation system according to the invention. In
addition, just a single pump is now required in eac
of the circuits, which also lowers the investment
costs for the distillation system.

The method according to the invention for operating

distillation process with the use of a distillation
system according to the invention has an inlet into
the evaporator circuit, an outlet from the evaporat
circuit, as well as a distillate outlet from the
condenser circuit, and is characterized by the
following procedural steps:

Monitoring the liquid quantities in both circuits;

monitoring the concentration of residues in the
evaporator circuit; letting out liquid with a high
concentration of residues at the outlet as soon as

liquid in the evaporator circuit has reached a
prescribed maximum level and/or the concentration o
residues in the evaporator circuit has reached a
prescribed maximum value; letting out distillate fr

the condenser circuit at the distillate outlet as s

as the liquid in the condenser circuit has reached
prescribed maximum level; letting liquid into the
condenser circuit at the inlet as soon as the liqui

ade
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in the evaporator circuit has reached a prescribed

minimum level and/or the concentration of residues in
the evaporator circuit has reached a prescribed

maximum value. These steps are repeated until the

process is to be stopped.

Liquid is preferably only let out from the evaporat or
circuit once both the maximum concentration and
maximum level have been reached, and specifically

until such time as the minimum level has been reach ed.
By adding fresh liquid up to the maximum level, the

concentration is then lowered. From that point on, the
level is again raised to the respective maximum lev el
as soon as the minimum level or maximum concentrati on

has been reached.

A preferred method involves the use of a distillati on
system that comprises a vacuum pump, which is
connected by a gas line with the end of each
condensation path of each condenser. The method is
characterized by the following procedural steps:

Determining the temperature differences in the stea m spaces
of the evaporators and condensers of the same stage ;
removing incondensable gases in the steam space of a
condenser through the gas line by means of the vacu um

pump as soon as the corresponding temperature

difference has reached a prescribed maximum value

until it has dropped below a prescribed minimum val ue.
The mentioned steps are repeated until the process is
to be stopped.

The controller according to the invention for imple menting
a method according to the invention encompasses por ts
for sensors to read in measuring data, a processor for
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evaluating the measuring data along with ports for
changing the settings of valves and pumps.

Brief Description of the Drawings

The invention will be described in greater detail b elow
drawing reference to the figures. The same referenc e
numbers each refer to the same facts. Shown on:

Fig. 1 is a multistage distillation system accordin g to
prior art;
Fig. 2 is a multistage distillation system accordin g to

the invention;

Fig. 3 is a distillation system according to Fig. 2 with
exemplary temperature and pressure values.

Ways of Implementing the Invention

Fig. 1 shows a multistage distillation system 1 acc ording
to prior art. Three stages are depicted, which are
each denoted by lower parentheses marked S1, S2 and

S3. Stage S1 is also bordered by a dashed line up t oa
part that is connected with stage S2 by a heat
exchanger 14. Each stage S consists of an evaporato r
(or evaporator) E1, E2, E3, which comprises the
respective left chamber of each stage S1, S2, S3, a nd
a condenser (or condenser) C1, C2, C3, which compri ses
the respective chamber of the stage S shown on the
right. The evaporators and condensers all have a st eam
space, wherein the steam spaces of the evaporators E1l,

E2, E3 and condensers C1, C2, C3 of the respective



-7-

same stage S1, S2, S3 are interconnected by
respective connecting steam space 6, wherein the si

of this connecting steam space 6 is dimensioned in
such a way that the pressure P inside of the steam
spaces of this stage can be balanced out unimpeded|
As a consequence, the same pressure P1l, P2,
prevails in both chambers of each stage S1, S2, S3.
each chamber, liquid 4 is upwardly conveyed out of
chamber to a spray inlet 3, and there sprayed. The
sprayed liquids 4a in the evaporators E1, E2, E3 ha

a slightly higher temperature than the sprayed liqu

4a of the condensers C1, C2, C3 of the respective s
stage. The temperatures of the evaporators E1, E2,
are correspondingly  slightly higher, and the
temperatures of the condensers C1, C2, C3 slightly
lower, than the temperatures Tsl, Ts2, Ts3 of the
saturation curve for the respective steam pressure

P2, P3 known for the respective liquid.

For this reason, the liquid 4a sprayed in each evap

As

a

will partially evaporate and flow into the adjacent
chamber of the accompanying condenser, where
collides with the cooler drops and itself condenses
again. Over time, evaporated liquid thus wanders fr
each evaporator into the condenser of the same stag
The distillate can there be skimmed, while new liqu

can be introduced into the evaporator.

consequence, the first stage S1 operates with
temperature T1,1 in the evaporator E1, or with the
temperature T1,2 in the condenser C1, in that the
liquids 4a are sprayed into the chambers with the
indicated temperatures. The adjacent chamber of the
condenser C1 is the evaporator E2, which forms the

P3

it

second stage S2 together with the condenser C2.

Accordingly, these chambers of stage S2 operate wit
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temperatures T2,1 in the evaporator E2 and T2,2 in
condenser C2, wherein the adjoining chambers C1 and
are set to the same temperature. Therefore, the
following applies: T1,2 = T2,1. In order to achieve
this temperature uniformity, the lower areas of the
chambers C1 and E2 are designed as heat exchangers
The same holds true for chambers C2 and E3, which a
also interconnected with a heat exchanger, so that
temperature T2,2 of the condenser C2 and temperatur
T3,1 of the evaporator E3 always keep the same
temperatures.

Temperature and pressure measuring devices 26, 27 i

steam space 6 are used for process monitoring. In
addition, a vacuum pump V at the end of each
condensation path makes it possible to siphon away
incondensable gases in the system. This is importan

for the process to run efficiently.

In prior art, the individual stages are only interc

with heat exchangers, so that no exchange or flow o
liquids or steam can arise between the various stag

S. The stages are only connected with each other vi
heat exchangers. While the individual stages S do
operate in different, respectively
temperature ranges, each does so on its own.

adjacent

Preferred Exemplary Embodiment

Fig. 2 shows an exemplary embodiment according to t

invention. The illustration depicts a multistage
distillation system 1 with stages Si where i=1,...n,
wherein each stage Si works in a higher pressure an
temperature range Pi, Ti than its ensuing stage Si+
during operation. Fig. 3 presents a system accordin

to Fig. 2, which indicates examples of pressure and

the
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temperature values for the individual containers an
pressure chambers that might set in according to th
invention.

Each stage Si encompasses an evaporator Ei and a co ndenser
Ci, wherein each evaporator Ei and each condenser C i
comprises a pressure-tight container 2 with an uppe r
spray inlet 3 for introducing and spraying added
liquid 4a in the container 2, as well as with a low er
outlet 5 for letting out liquid 4b captured in the
container 2. In addition, each container 2 encompas ses
a steam space 6 between the spray inlet 3 and captu red
liquid 4b, wherein the steam space 6 of each
evaporator Ei is connected in terms of pressure wit h
the steam space 6 of the condenser Ci of the same
stage Si by means of a pressure-tight steam pipe 7

having a large enough cross section that the pressu re
Pi in the two steam spaces 6 of a stage Si can alwa ys
balance out during operation. The outlet 5 of each

evaporator Ei is connected with the spray inlet 3 o f
the next evaporator Ei+1 and the outlet 5 of the la st
evaporator En is connected with the spray inlet 3 o f

the first evaporator E1 by way of a pressure-tight
liquid line 8 to vyield an evaporator circuit.

Analogously thereto, the outlet 5 of each condenser Ci
is connected with the spray inlet 3 of the precedin g
condenser Ci-1 and the outlet 5 of the first conden ser

C1 is connected with the spray inlet 3 of the last

condenser Cn by means of a pressure-tight liquid li ne
9 to yield a condenser circuit. According to the

invention, the distillation system encompasses at

least one pressure-tight steam line 10, which at a

first end is connected with one of the pressure-tig ht
liquid lines 9 between the condensers Cl+1 and Ci[i -1
to 3] or with the pressure-tight liquid line 8 betw een

the evaporators En and E1, and at a second end with a
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steam space having a higher pressure P during

operation than the pressure Pi in the steam space 6 of
the condenser Ci or than the pressure P1 in the ste am
space 6 of the evaporator E1, so as to pressurize t he
liquid 4 with a higher pressure and convey the liqu id
4.

In particular, the configuration of containers 2 ca n also

be modified in such a way that the circuits of the

evaporators and condensers are situated at the same

level. For example, the condenser Cn and evaporator El
would be at the same or similar level, just as the

condenser C1 and evaporator En. This shortens the

length of the connecting steam spaces 6. The indica ted
Fig. 2 and 3 were depicted in this way for reasons of
clarity, and must be understood as schematic

illustrations.

According to the invention, the evaporators E and
condensers C are spatially separated from each othe r
in the distillation system 1 described here, and
connected with each other by pipes having a cross
section large enough that the pressure difference i

the two chambers 2 measures less than 10 mbar. It i S
important that this pressure compensation always be

ensured. This spatial separation of the chambers 2 now
opens up options for interconnecting and spatially

arranging chambers of the same kind, specifically t he
respective evaporators and condensers, in such a wa y

that the liquids 4 flow into the next chamber 2

without the assistance of pumps as a result of the

potential energy of the individual chambers 2 takin g
into account the respective steam pressures in the

different stages Si. In particular, this takes plac e
between the evaporators E1 to En, and between the

condensers C1 and Cn. Consequently, support is now
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only necessary in the liquid lines between the

condensers Cn to C1 as well as between the evaporat ors
En and E1.

This support can be provided either by pumps or ste am
pressure. When feeding steam into a liquid line at a
pressure that exceeds the pressure in the target
chamber, the liquid in the line is conveyed into th e
target chamber. To this end, steam can be taken fro m a
steam space of the distillation chamber 1. However, if
steam with suitable pressure and temperature
conditions is available in another nearby source, i t
is naturally also possible to utilize the latter. | n

addition, a steam chamber 25 in which the liquid
flowing through partially changes into steam can be
set up in the liquid line before the evaporator E1.

This steam is the hottest in the entire distillatio n
system 1, and also has the highest pressure. The
pressure in this steam chamber 25 is even higher th an

the pressure in the evaporator E1. Liquid 4 can be
conveyed from this steam chamber 25 and pressurized :
and must be brought to a slightly lower pressure.

Examples may be gleaned from Fig. 2 and 3. The stea m
spaces 6 from stage S with lower pressures can conv ey
corresponding liquids, whose target containers 2 ar e

under a lower pressure than the steam spaces 6 from
which the steam lines 10 derive their pressure.

The distillation system 1 preferably has one pump 1 1 each
in the liquid line 8 of the evaporator circuit and in
the liquid line 9 of the condenser circuit to reach
the prescribed pressures of the liquids 4 at the st art
of the process. However, the latter need only run f or
a few minutes until the ideal pressure and temperat ure
conditions have been established in all containers 2.

The process then runs independently. The pumps 11 a re
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preferably arranged in the connecting elements 8, 9
between the containers Cl1 and Cn or between the
containers En and E1.

In addition, the distillation system 1 preferably h
heater 12 in the liquid line 8 of the evaporator
circuit before the evaporator E1 and a cooling
aggregate 13 in the liquid line of the condenser
circuit before the condenser Cn for achieving the
prescribed temperatures in the evaporator E1 and
condenser Cn. This heater 12 and this cooling
aggregate 13 are preferably at least partially
together configured as a heat exchanger 14. However
since the heat exchanger 14 cannot reach the desire
target temperatures of the ensuing containers Cn or
E1l, the lines 8, 9 must also incorporate a respecti
separate cooling aggregate 13 in the liquid line of
the condenser circuit along with a separate heater
in the liquid line 8 of the evaporator circuit.

As has been shown, it is advantageous for initiatin
process that enough liquid 4 still be present in th
individual sections of the liquid lines 8, 9. In or
to ensure the above, siphons 15 can be arranged in
liquid lines 9, 8 between the condensers Cn to C1
and/or between the evaporators E1 to En, so as to
prevent individual condensers Ci and/or evaporators
from idling given a system shutdown.

In another preferred arrangement, the siphons 15 in
liquid lines 8 between the evaporators E1 and En ha
a central spout. It has been shown that increased
residues accumulate there, which in this way can be
easily removed from the circuit in high
concentrations.
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In order for the process to run optimally and to ev aporate
as much of the introduced Iliquid as possible,
incondensable gases that accumulate at the end of t he
condensation path must from time to time be removed
from the steam spaces 6. To this end, each condense r
Ci has a gas line 17 connected with a vacuum pump 1 6
at the end of the distillation path. If needed, the
vacuum pump 16 is made operational, although this i S

also only required for a brief time, as a rule for
less than 5% of the operating time.

As has been shown, the vacuum pump 16 can also be o perated
with steam. It must be connected with a pressure-ti ght
steam line 10 in order to be supplied during
operation. The vacuum pump 16 is thereby supplied w ith

steam, which has a higher pressure P than the steam
spaces 6 in which gases are to be siphoned.

As a result, absolutely no current is used during o peration
once the process has started and reached a stable
state.

In addition, the individual containers 2 are prefer ably
aligned level to each other in such a way as to ena ble

optimal use of the potential energy of the liquid.

According to the invention, each evaporator Ei+1 is

arranged on a lower level than the preceding

evaporator Ei in such a way that the liquid 4 is ma de
to flow from each evaporator Ei into the respective ly
ensuing evaporator Ei+1 solely by pressure and leve I
differences during implementation of the process,

without an electrically operated pump being require d
for this purpose. Since each ensuing stage Si+l
operates at a lower pressure than its preceding sta ge

S1, the ensuing stage Si+l can be arranged
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correspondingly higher, so that liquid flows upward
due to its elevated pressure.

Accordingly, each condenser Ci+l is arranged at suc h a
level by comparison to its ensuing condenser Ci tha t
the liquid is made to flow from the condenser Ci+1
into the respective ensuing condenser Ci by pressur e
and level differences and/or the conveying force of a
steam line during process implementation, without a n
electrically operated pump being required for this
purpose. Since the direction of flow in the condens er

circuit is opposite the direction of flow in the

evaporator, the liquid flows from containers 2 with

lower pressures to containers 2 with higher pressur es.
This can be partially supported by arranging the

condensers of the higher stages higher than the

condensers of the lower stages. For support purpose S,
the liquid is additionally supplied by feeding stea m
to steam lines 10 under a higher pressure. This

eliminates the need for using pumps that use curren t.

In addition, the condensers C1 and Cn are leveled i n such a
way that the liquid 4 of the condenser C1 is made t 0
flow from the condenser C1 to the condenser Cn via the
liquid line 9 of the condenser circuit by pressure and
level differences during process implementation,
without an electrically operated pump being require d

for this purpose. Since the pressure in Cl is much
higher than in Cn, a great height can be overcome
without a pump being required for this purpose.

The evaporators En and E1 are preferably also level ed in
such a way that the liquid 4 of the evaporator En i S
made to flow from the evaporator En to the evaporat or

E1 by pressure and level differences and by the
conveying force of one or more steam lines 10 via t he
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liquid line 8 of the evaporator circuit during proc ess
implementation, without an electrically operated pu mp
being required for this purpose. This section of th e
liquid line 8 requires both that height be overcome

and pressure be applied. This is preferably achieve d

incrementally by introducing several steam lines 10

from varying stages S into the liquid line 8. The

different steam lines 10 can also be introduced int o]
the liquid line 8 at the same location or be operat ed
one after the other, so that the respectively best

suited steam line 10 is always operational.

The steam lines 10 can optionally also be routed in side of
the liquid line 8, 9.

The distillation system 1 according to the inventio n
encompasses a feed 18 into the evaporator circuit f or
supplying liquid 4 to be distilled, along with an
outlet 19 from the evaporator circuit for letting o ut

liquid 4 with a high concentration of residues, as

well as a distillate outlet 20 from the condenser

circuit for letting out the distillate 21 generated by
the system. These are shown on Fig. 2.

In addition, each steam line 10 and/or each gas lin en 17
encompasses a valve 22 for regulating the flow rate
These valves 17 are preferably controllable and
connected with a regulating device.

At least the containers 2 of the first condenser C1 and
last evaporator En each encompass a level sensor 23
for determining the levels of the liquid 4b capture
in the containers 2. The other containers 2 can als
have such level sensors 23. However, in particular the
two mentioned level sensors are required for
regulating the process. In addition, the preferred
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distillation system 1 has a sensor 24 in the
evaporation circuit, preferably in the area of the
last evaporator En, for measuring the concentration
residues. The sensors 23, 24 are also preferably
controllable and connected with a regulating device
(not shown).

Described below is the method according to the inve
for operating a distillation process wusing a
distillation system 1 according to the invention,
which comprises a feed 18 in the evaporator circuit
for supplying liquid 4 to be distilled, along with
outlet 19 from the evaporator circuit for letting o
liquid 4 with a high concentration of residues, as
well as a distillate outlet 20 from the condenser
circuit for letting out the distillate 21 generated
the distillation system. According to the invention
the following procedural steps are implemented in t
method:

Monitoring the liquid level in the evaporator circu
in the condenser circuit; monitoring the concentrat
of residues in the evaporator circuit; letting out
liquid with a high concentration of residues at the
outlet 19 as soon as the liquid level in the
evaporator circuit has reached a prescribed maximum
level and/or the concentration of residues in the
evaporator circuit has reached a prescribed maximum
value; letting out distillate from the condenser
circuit at the distillate outlet 20 as soon as the
liquid level in the condenser circuit has reached a
prescribed maximum level; letting liquid 4 into the
condenser circuit at the feed 18 as soon as the liq
level in the evaporator circuit has reached a
prescribed minimum value and/or the concentration o
residues in the evaporator circuit has reached a
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prescribed maximum value. The aforementioned steps are
repeated until the process is to be stopped.

Remarkable in the above method is the fact that the

pressure and temperatures in the individual chamber S
regulate themselves as soon as the boundary conditi ons
are present. Only the supply and removal of liquid or
distillate is regulated. In addition, care must be

taken at the beginning of the process that the liqu ids
flowing into the evaporator E1 and condenser Cn

correspond to the prescribed pressure and temperatu re

conditions. This is achieved by the heater 15 and
cooling aggregate 13.

In order to improve the process, incondensable gase s should
be removed from the condenser circuit. To this end,
each condenser Ci has a gas line 17 connected with a
vacuum pump 16 at the end of the distillation path.
The method is enhanced by the following procedural
steps:

Determining the temperature differences dTi in the steam
spaces 6 of the containers 2 of evaporators Ei and
condensers Ci of the same stage Si; removing
incondensable gases in the steam space 6 of the
condenser Ci through the gas line 17 using the vacu um
pump 16 as soon as the temperature difference dTi h as
reached a prescribed maximum value, until dTi has
reached a prescribed minimum value; repeating these
steps until the process is to be stopped.

A controller according to the invention for impleme nting a
method according to the invention encompasses ports
for sensors to read in measuring data, a processor for

evaluating the measuring data, along with ports for
changing the settings of valves 22 and pumps 11, 16
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As a rule, the valves 22 are open. However, it may be that
several valves 22 are closed or throttled at the
beginning of the process.
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Reference List

Distillation system

Container

Spray inlet

Liquid; 4a sprayed liquid; 4b captured liquid
Outlet

Steam space

Steam pipe

Liquid line to an evaporation circuit

Liquid line to a condenser circuit

Steam line

Pump

Heater

Cooling aggregate

Heat exchanger

Siphons

Vacuum pump

Gas line

Feed

Letting out liquid with a high concentration
residues

Distillate outlet

Distillate

Valve

Level sensor

sensor for measuring the concentration of residu

Steam chamber

Temperature sensor

Pressure sensor

Evaporator, E1, ... En
Condenser, C1, ... Cn
Stage, S1, ... Sn
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CLAIMS

A multistage distillation system (1) with stages

where i=1,...n, wherein each stage Si works in a high
pressure and temperature range (Pi, Ti) than its
ensuing stage Si+1l during operation, wherein each
stage Si encompasses an evaporator Ei and a capacit
Ci, wherein each evaporator Ei and each condenser C
encompasses a pressure-tight container (2) with an
upper spray inlet (3) for introducing and spraying
added liquid (4a) in the container, (2), as well as
with a lower outlet (5) for letting out liquid (4b)
captured in the container (2), as well as with a st

space (6) between the spray inlet (3) and the captu
liquid (4b), wherein the steam space (6) of each
evaporator Ei is compressively bonded with the stea
space (6) of the condenser Ci of the same stage Si

a pressure-tight steam pipe (7) with a cross sectio
large enough that the pressure Pi in the two steam
spaces (6) of one stage Si can always balance itsel
out during operation, and wherein the outlet (5) of
each evaporator Ei is connected with the spray inle
(3) of the next evaporator Ei+1 and the outlet (5)

the last evaporator En is connected with the spray
inlet (3) of the first evaporator E1 by a respectiv
pressure-tight liquid line (8) to yield an evaporat

circuit, and wherein the outlet (5) of each condens

Ci is connected with the spray inlet (3) of the
preceding condenser Ci-1 and the outlet (5) of the
first condenser C1 is connected with the spray inle
(3) of the last condenser Cn by a pressure-tight
liquid line (9) to vyield a condenser circuit,
characterized in that at least one pressure-tight
steam line (10) is connected at a first end with on

of the pressure-tight liquid lines (9) between
condensers Cl+1 and Ci or with the pressure-tight
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liquid line (8) between the evaporators En and E1, and
at a second end with a steam space having a higher

pressure P during operation than the pressure Pi in

the steam space (6) of the condenser Ci or than the

pressure P1 in the steam space (6) of the evaporato r
El, so as to pressurize the liquid (4) with a highe r
pressure and convey the liquid (4).

2. The (distillation system according to claim 1,
characterized in that the steam space with pressure P
is a steam space (6) of the distillation system.

3. The distillation system according to claim 1 or 2,
characterized by a respective pump (11) in the liqu id
line (8) of the evaporator circuit, as well as in t he
liquid line (9) of the condenser circuit, for
achieving the prescribed pressures of the liquids ( 4)

at the beginning of the process.

4. The distillation system according to one of the
preceding claims, characterized by a heater (12) in

the liquid line (8) of the evaporator circuit befor e
the evaporator E1 and a cooling aggregate (13) in t he
liquid line of the condenser circuit before the

condenser Cn for achieving the prescribed temperatu res

in the evaporator E1 and in the condenser Cn.

5. The distillation system according to claim 4,
characterized in that the heater (12) and cooling
aggregate (13) are together at least partially
configured as a heat exchanger (14).

6. The distillation system according to one of the
preceding claims, characterized in that siphons (15 )
are arranged in the liquid lines (9, 8) between the
condensers Cn to C1 and/or between the evaporators E1l
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to En, so as to prevent individual condensers Ci
and/or evaporators Ei from idling given a system
shutdown.

The distillation system according to one of the
preceding claims, characterized in that each conden

Ci has a gas line (17) connected with a vacuum pump
(16) at the end of the distillation path to remove
incondensable gases from the steam spaces (6).

The distillation system according to claim 7,
characterized in that the vacuum pump (16) is
connected with a pressure-tight steam line (10), wh
supplies the vacuum pump (16) during operation by
feeding steam to the vacuum pump (16) having a high
pressure P than the steam spaces (6) in which gases
are to be siphoned.

The distillation system according to one of the
preceding claims, characterized in that each
evaporator Ei+1 is arranged on a lower level than t
preceding evaporator Ei in such a way that the liqu

(4) is made to flow from each evaporator Ei into th
respectively ensuing evaporator Ei+l solely by
pressure and level differences during implementatio
of the process, without an electrically operated pu

being required for this purpose.

10. The distillation system according to one of the

preceding claims, characterized in that each conden
Ci+1 is arranged at such a level by comparison to i
ensuing condenser Ci that the liquid is made to flo
from the condenser Ci+l into the respective ensuing
condenser Ci by pressure and level differences and/
the conveying force of a steam line during process
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implementation, without an electrically operated pu
being required for this purpose.

11. The distillation system according to one of the

preceding claims, characterized in that the condens

C1 and Cn are leveled in such a way that the liquid
(4) of the condenser C1 is made to flow from the
condenser C1 to the condenser Cn via the liquid lin
(9) of the condenser circuit by pressure and level
differences during process implementation, without
electrically operated pump being required for this
purpose.

12. The distillation system according to one of the

preceding claims, characterized in that the
evaporators En and E1 are preferably also leveled i
such a way that the liquid (4) of the evaporator En

made to flow from the evaporator En to the evaporat

E1 by pressure and level differences and by the
conveying force of one or more steam lines (10) via
the liquid line (8) of the evaporator circuit durin
process implementation, without an electrically
operated pump being required for this purpose.

13. The distillation system according to one of the

preceding claims, characterized in that at least on
of the liquid lines (8, 9) and/or at least one of t
steam lines (10) is arranged inside of a container
and/or inside of a steam pipe (6).

14. The distillation system according to one of the

preceding claims, comprising a feed (18) in the
evaporator circuit for supplying liquid 4 to be
distilled, along with an outlet (19) from the
evaporator circuit for letting out liquid (4) with

high concentration of residues, as well as a
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distillate outlet (20) from the condenser circuit f
letting out the distillate (21) generated by the
system.

The distillation system according to one of the
preceding claims, characterized in that each steam
line (10) and/or each gas line (17) encompasses a
valve (22) for regulating the flow rate.

The distillation system according to one of the
preceding claims, characterized in that at least th
containers (2) of the first condenser C1 and the la
evaporator En each encompass a level sensor (23) fo
determining the level of liquid (4b) captured in th
containers (2).

The distillation system according to one of the
preceding claims, characterized in that a sensor (2
is arranged in the evaporation circuit, preferably
the area of the last evaporator En, for measuring t
concentration of residues.

A method for implementing a distillation proces

a distillation system (1) according to one of the
preceding claims, comprising a feed (18) in the
evaporator circuit for supplying liquid (4) to be
distilled, along with an outlet (19) from the
evaporator circuit for letting out liquid with a hi
concentration of residues, as well as a distillate
outlet (20) from the condenser circuit for letting

the distillate (21) generated by the system,
characterized by the following procedural steps:

a. Monitoring the liquid level in the evaporator
circuit and in the condenser circuit;
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b. Monitoring the concentration of residues in the
evaporator circuit;

o

Letting out liquid with a high concentration of
residues at the outlet (19) as soon as the liquid
level in the evaporator circuit has reached a
prescribed maximum level and/or the concentration
of residues in the evaporator circuit has reached
a prescribed maximum value;

d. Letting out distillate from the condenser circui
at the distillate outlet (20) as soon as the
liquid level in the condenser circuit has reached
a prescribed maximum level,

e. Letting liquid (4) into the condenser circuit at

the feed (18) as soon as the liquid level in the
evaporator circuit has reached a prescribed
minimum value and/or the concentration of residues
in the evaporator circuit has reached a prescribed
maximum value.

f. Repeating steps a. to e. until the process is to
be stopped.

The method according to claim 18, characterized
that each condenser Ci has a gas line (17) connecte
with a vacuum pump (16) at the end of the distillat
path, characterized by the following procedural ste

a. Determining the temperature differences dTi in t
steam spaces (6) of the containers (2) of
evaporators Ei and condensers Ci of the same stage
Si;
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b. Removing incondensable gases in the steam space
(6) of the condenser Ci through the gas line (17)
using the vacuum pump (16) as soon as the
temperature  difference dTi has reached a
prescribed maximum value, until dTi has reached a
prescribed minimum value;

c. Repeating steps a. and b. until the process is t
be stopped.

20. A controller for implementing a method accordin
claim 18 or 19, comprising ports for sensors to rea
in measuring data, a processor for evaluating the
measuring data, as well as ports for changing the
settings of valves (22) and pumps (11, 16).
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