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1
ETHANOL DISTILLATION PROCESS

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 60/301,944 filed Jun. 30, 2001 and
U.S. Provisional Patent Application No. 60/312,716 filed
Aug. 16, 2001.

FIELD OF THE INVENTION

This invention relates to a process for distilling motor fuel
grade ethanol.

BACKGROUND OF THE INVENTION

Fuel grade ethanol distilled from grain has become
increasingly popular as an alternate fuel for motor vehicles.
Ethanol has also increased in popularity as a gasoline
additive for formulating clean burning grades of gasoline for
motor vehicles.

A fuel grade ethanol production process typically includes
the steps of fermentation, distillation and evaporation. In the
fermentation portion of a typical process, a slurry of milled
corn is fermented to produce a beer having a concentration
of ethanol that is usually no more than approximately 15%
by volume. In the distillation portion of a typical process, the
ethanol in the beer is extracted in distillation columns.
Distillation columns typically have a multitude of horizontal
trays for bringing rising ethanol vapor and descending liquid
into contact. In a distillation column, low pressure steam
percolates up through the beer as the beer cascades from
higher trays to lower trays. As the rising steam heats the
beer, the ethanol in the beer evaporates and rises to the top
of the column where it exits as a vapor. The remaining water
and other grain material in the beer descends to the bottom
of the column to exit as “beer bottoms”. After solids have
been removed from the beer bottoms, the remaining liquid
known as thin stillage is reduced in the evaporation portion
of the process where liquid is boiled away from the thin
stillage to produce a syrup.

To produce fuel grade ethanol, more than one intercon-
nected distillation column is typically used to progressively
purity the ethanol product. In a typical ethanol distillation
process, a beer column receives beer and produces an
intermediate ethanol vapor. A rectifier column receives the
intermediate ethanol vapor from the beer column and pro-
duces 190 proof or 95% pure ethanol vapor. A third, side
stripper column receives bottoms from the rectifier column
and then produces an intermediate ethanol overhead vapor
that is further purified by the rectifier column. The ethanol
free bottoms from the side stripper column can be used to
formulate cook water for the fermentation portion of the
process. Because of the physical properties of an ethanol
water solution, a distillation process can only practically
produce an ethanol water solution that is approximately 95%
ethanol and 5% water. A dehydrator is used to remove most
of the remaining water to produce higher purity product. The
dehydrator receives the 95% ethanol vapor and removes
nearly all of the remaining water to produce ethanol having
a water content of less than 0.25%. A dehydrator may
contain beads of material which attract water to a greater
degree than ethanol.

A fuel grade ethanol distillation process like the one
described above also produces co-products. The fermenta-
tion portion of the process generates carbon dioxide gas
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which is often recovered for various industrial uses. The
distillation portion of the process generates the above men-
tioned beer bottom byproduct that is free of ethanol and
which contains unfermented solid remnants of the milled
grain that was fermented to produce ethanol. This beer
bottom byproduct can be mechanically separated into a
mostly liquid component known as thin stillage and a mostly
solid component know as distiller’s grains. A drier can be
employed to dry the distiller’s grains to produce dry product.
The distiller’s grains are high in protein and therefore make
an excellent feed for farm livestock. Because releasing the
thin stillage would amount to a release of waste water, the
thin stillage is usually evaporated in evaporators to produce
a syrup which can also be dried in the distiller’s grain dryer
to further increase the output of the animal feed co-product.

The economic constraints confronting a fuel grade ethanol
producer are more challenging than those faced by a distiller
of spirits for human consumption. This is because fuel grade
ethanol must have virtually no water content and it must be
produced at low cost. Accordingly, it is an object of this
invention to provide a process arrangement for distilling
ethanol that conserves energy and water. It is another object
of this invention to provide a process arrangement for
distilling ethanol that uses sets of evaporators that can each
be taken off-line for maintenance while the evaporation
portion of the process continues to operate at full capacity.
It is yet another object of this invention to provide an ethanol
distillation process arrangement that uses waste heat from
the evaporators to heat the distillation portion of the process.

SUMMARY OF THE INVENTION

These and other objects of the invention are attained in an
ethanol distillation process arrangement that uses a mini-
mum of energy and operates with a minimum of down time.
The ethanol distillation process of the present invention
includes a fermentation portion, a distillation portion, an
ethanol dehydration portion, a distiller’s grain separation
and drying portion and a thin stillage evaporation portion.

In the fermentation portion of the process, a milled corn
slurry is fermented to produce an ethanol laden beer. In the
distillation portion of the process, ethanol is evaporated
from the beer and captured for further purification in the
dehydration process. The distillation portion of the process
preferably includes a beer column, a rectifier column and a
side stripper column. As with most typical ethanol distilla-
tion process arrangements, the beer column receives beer
and produces an intermediate ethanol vapor which the
rectifier column receives and further distills into a 190 proof
or 95% pure ethanol vapor. The side stripper column
receives bottoms from the rectifier column and returns
intermediate ethanol vapor to the rectifier column for further
purification. As noted above, the beer column also produces
beer bottoms which include unfermented grain solids and
thin stillage comprised mostly of liquid water.

The dehydration portion of the process employs a steam
heated molecular sieve dehydrator which receives con-
densed ethanol liquid that is approximately 190 proof or
95% pure from the distillation portion of the process. The
steam heated molecular sieve dehydrator produces hot,
ethanol vapor having a purity above 199.5 proof or 99.75%.

The beer bottoms from the beer column containing unfer-
mented distiller’s grains are conveyed to the distiller’s grain
separation and drying portion of the process. In the distiller’s
grain separation and drying portion of the process, the beer
bottoms are mechanically separated into mostly solid dis-
tiller’s grains and mostly liquid thin stillage. The distiller’s
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grains can then be dried in a dryer. The thin stillage is
conveyed to the evaporation portion of the process where it
is reduced in a series of evaporators to a syrup that can also
be dried along with the distiller’s grains.

The ethanol distillation process of the present invention
uses an arrangement of two sets of evaporators in the
evaporation portion of the process, namely, a set of first
effect evaporators and a set of second effect evaporators. The
evaporators of these two sets, receive stillage and progres-
sively concentrate it into a syrup. Each of the evaporators
has an upper shell and tube heat exchanger portion and a
lower pot portion for collecting concentrated stillage. The
heat exchanger portions are heated on their shell sides and
boil stillage on their tube sides. In this arrangement, the
evaporators of each set are interconnected so that one of the
evaporators of each set can be bypassed and taken off-line
for cleaning and maintenance while the other evaporators of
the set continue to operate. Preferably, the evaporators of
each set are sized so that the set can continue to operate at
full capacity even if one of the evaporators in the set is
bypassed and taken off-line. Also with this evaporator
arrangement, the first set of first effect evaporator are heated
either by clean plant steam or hot, ethanol vapor produced
by the molecular sieve dehydrator. (When the hot ethanol
vapor product is used to provide heat in one or two of the
first effect evaporators, the ethanol vapor is not mixed with
plant steam.) The second effect evaporators are heated by
first effect steam produced by the boiling of water from the
thin stillage in the first effect evaporators. The second effect
evaporators process stillage that is more concentrated than
the stillage processed by the first effect evaporators and
therefore should operate at a lower temperature than the first
effect evaporators. Low pressure steam produced by the
second effect evaporators by the boiling of water from mid
stillage, known as second effect steam, is not vented as waste
heat but is piped to the beer distillation column to provide
sufficient heat for the beer distillation column.

The advantages of this arrangement are substantial. First,
what would be waste heat from the evaporation process is
used to provide the heat for the evaporation of ethanol in the
distillation process. This energy flow in this arrangement is
generally inverted from one wherein the waste heat from the
distillation process is used to heat the evaporation process.
Steam which heats a distillation process is directly mixed
with the beer as ethanol is evaporated. Clean, plant steam,
when used in a distillation process, is contaminated and must
be replaced with clean water. Accordingly, water and clean
plant steam are conserved if waste steam from the second set
of evaporators is used to heat the distillation process instead
of clean, plant steam. In the present invention process, clean
plant steam is used primarily on the shell side of the heat
exchanger portions of the first effect evaporators so that
when that plant steam is condensed it can be returned to a
boiler without cleaning or processing. Moreover, the low
pressure, low temperature second effect steam produced by
the second effect evaporators is more appropriate for use in
a beer column where ethanol is being evaporated at a
relatively low temperature. Distillation columns accumulate
solid residues less rapidly when operated at lower tempera-
tures. Although prior art processes may use a reboiler in
combination with the beer column where plant steam
exchanges heat with part of the beer in a beer column, such
a reboiler must be shut down and taken off-line for periodic
cleaning. If low temperature steam produced by the second
effect evaporators is used to heat the beer column, no
reboiler is needed and that column should not need cleaning
over very long periods of time that may even extend through
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the life of a plant. This can significantly reduce the amount
of time that an ethanol distillation facility must be shut
down.

The series arrangement of the evaporator units of each set
of evaporator units is particularly advantageous because the
units can be interconnected and valved so that one of the
units in the series can be taken off-line and bypassed while
the other units in the series continue to operate. With this
arrangement, if evaporator units are sized so that for
example, four first effect evaporators and four second effect
evaporators are present when three first effect evaporators or
three second effect evaporators can serve the facility as it
runs at full capacity, then one of those four first effect
evaporators or four second effect evaporators can be shut
down, isolated and cleaned while the remaining three first
effect evaporators or three second effect evaporators and the
rest of the facility continue to operate at full capacity. It is
an important competitive advantage for a ethanol distillation
facility to be capable of operating continuously in a steady
state condition, even when an evaporator—a component that
are most often in need of periodic cleaning—is isolated and
cleaned. Down time represents idle capital and loss of
ethanol production. Still further, significant process prob-
lems often arise during start up operations and such prob-
lems can be best avoided by not shutting a facility down in
the first place. Where a prior art facility may need to be
completely shut down for a day or two days every month, a
facility that employs the process arrangement of the present
invention may run continuously for many months.

The energy, water and down time savings resulting from
the above described process arrangement provide significant
economic advantages to a facility operator. By improving
the economics of fuel grade ethanol distillation, the process
of'the present invention yields significant value in a growing
industry.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention and its many attendant objects and advan-
tages will become better understood upon reading the fol-
lowing description of the preferred embodiment in conjunc-
tion with the following drawings, wherein:

FIG. 1 is a process diagram showing the process arrange-
ment of the present invention.

FIG. 2 is a process diagram showing the fermentation
portion process arrangement of the present invention.

FIG. 3 is a process diagram showing the distillation,
ethanol dehydration, beer bottoms separation, and distiller’s
grain drying portions of the process arrangement of the
present invention.

FIG. 4 is a process diagram of the evaporation portion of
the process arrangement of the present invention.

FIG. 5 illustrates a typical evaporator employed by the
evaporation portion of the process arrangement of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 provides an overview of the invention ethanol
distillation process arrangement 10. As illustrated in FIG. 1,
the invention ethanol distillation arrangement 10 includes a
fermentation portion 100, a distillation and dehydration
portion 200, a condensation and dehydration portion 300, a
separation and drying portion 400 and an evaporation por-
tion 500.
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As shown in FIG. 2, fermentation portion 100 includes
slurry tanks 122 where hot water and milled corn are mixed,
a cook water tank 122A that provides hot water to slurry
tanks 122, a hydro-heater 124 where the slurry from slurry
tanks 122 is heated under pressure, liquification tanks 126
where the resulting mixture is further processed prior to
fermentation and finally fermentation tanks 128 where the
mixture is fermented to produce an ethanol mixture known
to those skilled in the art as “beer”.

Distillation portion 200 shown in FIG. 3, includes a beer
column 202, a rectifier column 204 and a side stripper
column 206. Beer column 202 receives beer having a
maximum ethanol concentration of approximately 15%
from fermentation tanks 128. Second effect steam from a
second set of evaporators provides heat for boiling off the
ethanol from the beer in beer column 202. This second effect
steam is mixed directly with the beer as it cascades down
through the beer column. The source and routing of this
second effect steam is an important aspect of this process
arrangement and will be described in greater detail below.
The overhead ethanol vapor leaving beer column 202 is
about 60% ethanol or 120 proof. The 120 proof ethanol
vapor from beer column 202 enters a rectifier column 204
where ethanol vapor having a higher concentration of etha-
nol (190 proof) is generated as an overhead vapor. Vapor
flowing out of rectifier column 204 in condensed into a
liquid by a condenser 308 of condensation and dehydration
portion 300. The heat that drives rectifier column 204 is
present in the hot 120 proof vapors that enter rectifier
column 204. The bottoms from rectifier column 204 which
have an ethanol concentration of about 20% (or 40 proof) are
circulated to a side stripper column 206 which produces a
second stream of 120 proof vapor that is circulated back into
rectifier column 204 for further dehydration. Side stripper
column 206 is heated by flash steam produced when high
temperature slurry in hydro-heater 124 is suddenly depres-
surized to a lower pressure to cool the slurry. The bottoms
from side stripper column 206 are mostly hot water and are
recycled to a cook water tank 122A.

Condensation and Dehydration portion 300 shown in FIG.
3, receives 190 proof ethanol vapor from distillation portion
200, condenses that vapor and then removes most of the
remaining water. In condensation and dehydration portion
300, vapor ethanol product from rectifier column 204 is
condensed in condenser 308. The liquid 190 proof ethanol is
vaporized and dehydrated in molecular sieve 309. Molecular
sieve 309 contains pellets that attract water but reject
ethanol. The hot ethanol vapor leaving molecular sieve 309
has a purity exceeding 99.75% or 199.5 proof.

Separation and drying portion 400 shown in FIG. 3,
receives beer bottoms containing mostly water, dissolved
materials and unfermented solids from the milled grain.
Separation and drying portion 400 receives this mixture and
removes the solids known as distiller’s grains. Beer bottoms
from beer column 202 are piped to a centrifuge 410 which
separates the beer bottoms into solids known as distiller’s
grains and a liquid known as thin stillage. The mechanical
separation of distiller’s grains can be relocated to other
points in the process such as to a point prior to beer column
202 or even to a location between the first and second sets
of evaporators discussed below. What is important is that at
some point, distiller’s grains are mechanically removed
from either the beer entering beer column 202 or the beer
bottoms that leave beer column 202. In FIG. 3, the distiller’s
grains are conveyed to a drier 412 for further drying. (If an
arrangement different from that shown in FIG. 3 is used in
which distiller’s grains are mechanically separated from the
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beer prior to the beer column, then the vapor produced by a
drier for drying such distiller’s grains should be conveyed
back to the distillation arrangement so that ethanol in that
vapor can be recovered.) Because distiller’s grains are rich
in fiber and protein, they can be used as a feed for livestock.
As is shown in FIG. 3, the liquid portion or thin stillage
leaving centrifuge 410 is divided into two portions. A first
portion of the thin stillage is reintroduced into slurry tanks
122 at the beginning of the fermentation portion 100 of the
system. A second portion is piped to the evaporation portion
500 of the system.

Evaporation portion 500 of the system is illustrated in
FIG. 4. In evaporation portion 500, two sets of evaporators
are used to reduce thin stillage from centrifuge 410 to a thick
syrup which can be fed to dryer 412 for further drying. The
first set of evaporators 501, 502, 503, and 504, known as first
effect evaporators are heated by clean plant steam and hot
ethanol vapor. The clean plant steam may be at a pressure
between 0 PSIG and 5 PSIG and at a temperature of between
210° F. and 225° F. The hot ethanol vapor, which is also used
as a heat source in the first set of evaporators may be at a
pressure of 30 PSIG and a temperature of 240° F. For
obvious reasons, the hot ethanol vapor, an important and
highly purified product of the process arrangement is not
mixed with plant steam.

FIG. 4 provides a detailed illustration of the arrangement
of the evaporators of evaporator portion 500. Each evapo-
rator in FIG. 4, like evaporator 501 shown in detail in FIG.
5 includes an upper, heat exchanger portion 501A and a
lower pot portion 501B. Tubes such as tubes 501A of
evaporator 501 convey stillage from an inlet situated above
the heat exchanger portion, through the heat exchanger
portion and then to the pot portion below. A heating vapor
such as steam or, in some cases, hot ethanol vapor is isolated
in the shell side of the heat exchanger. It will condense and
exit as condensate through a condensate line such as con-
densate line 530 of evaporator 501.

As can be seen in FIG. 4, evaporators 501 and 502 are
configured to be heated with plant steam. Evaporator 504 is
configured to be heated with hot ethanol vapor from molecu-
lar sieve 309 shown in FIG. 3. However, by opening and
closing the appropriate valves, evaporator 503 can be heated
either with plant steam or hot ethanol vapor. When valves
540 and 546 are open and valves 542 and 544 are closed,
evaporator 503 receives plant steam and discharges water
condensate that passes through open valve 546. The water
condensate from the evaporators is returned to a water
processing unit that feeds the plant steam boilers (not
shown). When valves 540 and 546 are closed and valves 542
and 544 are open, evaporator 503 receives hot ethanol vapor
and discharges condensed ethanol liquid through open valve
544 to be piped away through ethanol line 560. This liquid
ethanol is the primary product of the facility.

Thin stillage from centrifuge 410 enters the top of evapo-
rator 501 and leaves the bottom of evaporator 501 slightly
concentrated. Steam that is boiled off from the thin stillage
in evaporator 501 enters a first effect steam line 554.
Concentrated stillage leaving each evaporator can enter the
top of the next evaporator and then finally exits the bottom
of the last evaporator of the first effect evaporators as mid
stillage in a mid stillage line 550. Because evaporators 501,
502, 503 and 504 produce first effect steam that is used to
heat evaporators 511, 512, 513 and 514, they are known as
first effect evaporators.

FIG. 4 shows that the various lines leading to the evapo-
rators are valved so that any one of the four evaporators 501,
502, 503 and 504 can be taken off-line and by-passed for
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maintenance. The facility is designed to operate at full
capacity with three first effect evaporators on-line. This
provides an important advantage for a facility operator. Any
one of the four evaporators can be isolated and shut down for
cleaning and maintenance without compromising the opera-
tion of the plant.

The function of the valves that control the operation of
evaporator 501 can be understood by with reference to FIG.
5. FIG. 5 generally shows how an evaporator in either set
may be put on-line or taken off-line. Evaporator 501 is
on-line when a steam line valve 520 is open, when a thin
stillage intake valve 524 is open, when thin stillage outlet
valve 526 is open, when a first effect steam outlet valve 528
is open and when thin stillage bypass valve 522 is closed.
When valves 520, 522, 524 and 530 are in this configuration,
evaporator 501 receives plant steam for heating, receives
thin stillage for evaporation, produces first effect steam for
use by the second effect evaporators (evaporators 511, 512,
513 and 514) and produces slightly concentrated stillage for
further evaporation by evaporator 502 if evaporator 502 is
on-line. Evaporator 501 is off-line when steam line valve
520 is closed, when a thin stillage intake valve 524 is closed,
when first effect steam outlet valve 528 is closed and when
thin stillage bypass valve 522 is open. When valves 520,
522, 524 and 528 are in this configuration, evaporator 501
does not receive plant steam, thin stillage or even a back
flow of first effect steam. When in this configuration, thin
stillage bypasses evaporator 501 and flows into evaporator
502. The evaporators in both sets may be put on-line or taken
off-line in the same manner. However, it is preferable that
only one evaporator in each set be taken off-line at any given
time. When off-line, an evaporator can be cleaned or can
receive maintenance.

The arrangement and operation of second effect evapo-
rators 511, 512, 513 and 514 is much like the first effect
evaporators 501, 502, 503 and 504, except that they operate
at a lower pressure and temperature and they are heated by
first effect steam collected from first effect evaporators 501,
502, 503 and 504. The first effect steam generated by the first
effect evaporators is preferably at a pressure of 13.5 PSIA (or
-1.5PSIG) and at a temperature of 205° F. The second effect
evaporators process mid stillage until it is concentrated into
a syrup that is conveyed in syrup line 582 back to dryer 412.
The steam generated in second effect evaporators 511, 512,
513 and 514 is second effect steam. This relatively low
pressure, second effect steam is collected from the various
outlets of second effect evaporators 511, 512, 513 and 514
by second effect steam line 562. Second effect steam line
562 then conveys the second effect steam to beer column
202 to provide sufficient heat for the distillation process in
beer column 202. Preferably, the second effect steam is at a
pressure of approximately 10 PSIA (-5.0 PSIG) and at a
temperature between 185° F. and 190° F.

As with first effect evaporators 501 through 504, all of the
connections to second effect evaporators 511 through 514
are arranged and valved so that any one of the four second
effect evaporators 511 through 514 can be taken off-line and
by-passed for cleaning and maintenance. The facility is
designed to operate at full capacity with the use of only three
of the four second effect evaporators.

As shown in FIG. 3, inside beer column 102, fermented
ethanol present in the beer produced by fermentation portion
100 is boiled out as overhead 120 proof vapor. Second effect
steam from second effect evaporators 511, 512, 513 and 514
provide the necessary steam to remove over 99.5% of the
beer’s ethanol as 120 proof overhead vapor. The quantity of
second effect steam needed from evaporators 511, 512, 513
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and 514 for efficient ethanol recovery determines the evapo-
ration capacity of evaporator portion 500. That is, the steam
requirements of beer column 202 of distillation portion 200
determines the evaporation capacity of evaporation portion
500. When the steam requirement of beer column 202
increases, the evaporation capacity of evaporation portion
500 increases, so that more thin stillage from centrifuge 410
can be conveyed to evaporation portion 500 and less thin
stillage from centrifuge 410 is recycled back to slurry tank
122 of fermentation portion 100. Conversely, when beer
column 202 requires less steam, then less thin stillage is sent
to evaporation portion 500 and more is recycled back to
slurry tank 122. On average, approximately 55% of the thin
stillage from centrifuge 410 is sent to evaporation portion
500 while 45% of the thin stillage from centrifuge 410 is
recycled back to slurry tank 122 of fermentation portion 100.

The concentration of solids in the syrup flowing through
syrup line 582 shown in FIG. 4 decreases as the percentage
of water evaporated from the thin stillage entering evapo-
ration portion 500 decreases. Changing the flow rate of
syrup in syrup line 582 causes a substantially equal change
in the amount of thin stillage that is received by evaporation
portion 500. The basic purpose of evaporation portion 500 is
to concentrate syrup solids. Accordingly, the flow rate of
syrup in line 582 should be optimized for a syrup having the
highest possible concentration of solids.

The use of second effect steam generated by second set of
evaporators 511 through 514 to heat beer column 202 of
distillation portion 200 of the system provides important
advantages. Although a vacuum must be maintained in beer
column 202 and the other distillation columns, the low
temperature operation is not only adequate for boiling off
ethanol, it is advantageous. Lower temperature operation
greatly reduces the deposition of solids within the beer
column. Further, the use of second effect steam eliminates
the need to use clean plant steam in a distillation process that
would contaminate the clean, plant steam. In the present
process arrangement, clean plant steam is only used in shell
and tube heat exchanger portions of the first effect evapo-
rators where it can be isolated from contaminants so that it
can be easily reused in steam boilers as make up water.

Thus, the invention process arrangement meets the
objects noted above by providing an ethanol distillation
process having evaporators in sets of evaporators that can be
selectively taken off-line for cleaning and maintenance
without effecting the operation of the overall ethanol distil-
lation process. The problems associated with shutting down
an ethanol distillation facility in order to clean and maintain
evaporators have been eliminated. Moreover, the invention
process arrangement meets the objects noted above by
providing an ethanol distillation process in which second
effect steam from a set of second effect evaporators can be
used to provide heat for the beer column. This allows
distillation to be conducted with a minimum usage of plant
steam.

Numerous modifications and variations of this preferred
embodiment may occur to those skilled in the art in light of
this disclosure. Accordingly, it is expressly to be understood
that these modifications and variations, and equivalents
thereof, shall be considered to be within the spirit and scope
of the invention as defined in following claims, wherein

I claim:

1. An ethanol distillation arrangement comprising:

(a) a distillation portion including a beer column, a
rectifier column and a side stripper, the beer column
having an inlet for receiving ethanol laden beer includ-
ing milled grain, the beer column and the rectifier
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column connected by a line for conveying 120 proof
ethanol vapor from the beer column to the rectifier
column and a beer bottom outlet for discharging beer
bottoms, the ethanol vapor from the beer column also
supplying heat to the rectifier column, the rectifier
column producing 190 proof ethanol vapor and liquid
rectifier bottoms, the rectifier column and the side
stripper connected by a line for conveying rectifier
bottoms to the side stripper, the side stripper in com-
munication with a source of subatmospheric steam for
heating the side stripper, the side stripper also having an
outlet for discharging side stripper bottoms which are
removed from the distillation portion, the side stripper
and the rectifier column connected by a line for con-
veying ethanol vapor having an ethanol concentration
below 190 proof from the side stripper to the rectifier
column,

(b) a condenser, a line connecting the rectifier column of
the distillation portion and the condenser for conveying
190 proof ethanol vapor from the distillation portion to
the condenser, the condenser adapted for condensing
the 190 proot ethanol vapor to produce 190 proofliquid
ethanol, the condenser adapted to operate at a pressure
that is below atmospheric pressure and to thereby
maintain the distillation portion at a pressure that is
below atmospheric pressure,

(c) a separator and a line connecting the separator and the
beer column of the distillation portion for conveying
beer bottoms from the beer column to the separator, the
separator for the beer bottoms and separating the beer
bottoms into distiller’s grains and thin stillage,

(d) a set of first effect evaporators including at least a first
and a second first effect evaporator each having a shell
side and a tube side, each shell side of each first effect
evaporator connected to a source of hot vapor, the tube
side of the first evaporator having an inlet in commu-
nication with the separator for receiving thin stillage, a
first effect steam outlet for releasing first effect steam as
stillage boils in response to the heat from the hot vapor
and a stillage outlet for releasing stillage, the tube side
of each subsequent evaporator having a stillage inlet in
communication with the stillage outlet of the previous
first effect evaporator, each first effect evaporator also
having valves for isolating the evaporator and bypass
valves associated therewith for redirecting stillage into
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a line which bypasses the evaporator and reroutes the
stillage to the stillage intake of the next evaporator, the
first effect evaporators each having sufficient excess
capacity to support the distillation arrangement when
an evaporator is off line, whereby a bypassed first effect
evaporator may be isolated and bypassed for cleaning
and maintenance while the other first effect evaporators
continue to receive stillage and incrementally evapo-
rate the stillage to produce mid-stillage and first effect
steam,

(e) a set of second effect evaporators including at least a

first and a second evaporator each having a shell side
and a tube side, each shell side of each second effect
evaporator connected to the steam outlets of the first
effect evaporators, the tube side of the first second
effect evaporator having an inlet in communication
with the stillage outlet of the last first effect evaporator,
a second effect steam outlet for releasing second effect
steam as stillage boils in response to the heat from the
first effect steam and a stillage outlet for releasing
stillage, the tube side of each subsequent evaporator
having a stillage inlet in communication with the
stillage outlet of the previous second effect evaporator,
each second effect evaporator also having valves for
isolating the evaporator and bypass valves associated
therewith for redirecting stillage into a line which
bypasses the evaporator and reroutes the stillage to the
stillage intake of the next evaporator, the second effect
evaporators each having sufficient excess capacity to
support the distillation arrangement when an evapora-
tor is off line, whereby a bypassed second effect evapo-
rator may be isolated and bypassed for cleaning and
maintenance while the other second effect evaporators
continue to receive stillage and incrementally evapo-
rate the stillage to produce syrup and second effect
steam,

() a second effect steam line connecting between the

second effect steam outlets of the second effect evapo-
rators and the beer column of the distillation portion,
the second effect steam line for conveying second effect
steam from the second effect evaporators to the beer
column, thereby providing heat for the operation of the
beer column.



