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(54) Title: PRODUCTION OF ETHANOL BY EVAPORATIVE DISTILLATION

(57) Abstract: A process for producing ethanol by evaporative distillation is disclosed, wherein fermented wash is first evaporated
in an evaporator to generate a concentrated ethanol stream. The remaining part of said wash is then further purified in a mash
column to isolate remaining ethanol from said wash. In this process as a large part of fermented wash is removed in evaporation pro-
cess, the load on the mash column is significantly less and hence small size of mash column is required.



WO 2015/019363 PCT/IN2014/000448

TITLE: PRODUCTION OF ETHANOL BY EVAPORATIVE DISTILLATION |

FIELD OF THE iNVENTION

The invention relates .to"a process for the preparation of ethanol using a
technique of evaporation distillation, wherein significantly less amount of heat
energy is required compared with a process not employing the procéss of the

invention disclosed herein.

BACKGROUND

Many alcoholic beveragés are produced comprising one or more of the steps
~of: [1] produCing ethanol by fermentation of a carbohydrate-rich‘feedstock to
produce a fermented wash having concentration of about 2 to 23% alcohol by
volume [ABV], [2] distilling the product of fermentation at elevated
temperatures to produce ethanol products like rectified spirit, neutral spirit or
absolute alcohol; and [3] aging the ethanol spirits until it possesses desired
flavour, afoma, and colour characteristibs. ‘The commercial prod-\u_ction‘ of

~alcohol by distillation has been in widespread operation for manyyc'enturie's.

' Thek distillatjon is a known technique for puriﬂéaﬁon of a liquid substance and
" involves vaporizing the substance at its boiling point, conderisin”g the vapo‘u‘r
and- collecting the pUrified form as a condensate. Distillation is useful for
s'eparating a mixture when the components have different boiling points.
Several kind$ of distillation t_echniqués for binary 6r multi-compphént mixtures
are described and practiced in the art, for e’xarhple:’ (1) simple, (2) vacuum or

reduéed pressure, (3) fractional and (4) steam distillation.

In all tec‘hniques available for distillation of ethanol from 'fermented wash the

consumption of steam enekgy per litre of ethanol pro‘duced is' the critical
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measure for economics of the process. Presently, a typical ethanol produet‘ion '
process uses about 2 to 3 kilegram of steam per litre of ethénol produced.
However, more steam is required if the titre of ethanol ih fermented wash is
low. There is need of less consumption of steam perilitre of ethanol consumed
ahd the invention d}isclos'ed herein deals with a solution to theproblem of high
steam consumptien to produce ethanol from fermented wash. The invention
_} presented herein discloses a method of evaporation of fermented AWash before

distillation having several advéntages over conventiona‘l’distillation methods

BRIEF DESCRIPTION

A process for producing ethanol by evaporative distillation" is 'disclosed
‘c'omprisihg: preheating a fermented Was’h forming a first stream; subjecting
eaid first strea‘fn to a degasi‘fying‘column’forming a second stream and a first
vapour stream; con_denSing and collecting said first vapour stream in a
collection tank forming a high ethanol stream; subjecting said second stream .
to a first evaporator forming a second vapour stream and a depleted ethanol
stream; condensing said second vapour stream using a second evaporator
forming a third stream and coI'Iecting it in said collection tan.k forming said high
ethanol stream;  supplying a small part of said second vapour stream to said
degasifying column as heat source; subjecting said depleted ethanol stream
to a distillation cqumn.formtihg a third_Va'pour,strearh and a spent stream;
—con'd"e'n'sin'g—sa'id—th'i'rd—va'p'O’U'r—etre'am—u‘S'i‘n'ng'a'i'd—fi‘rst—eve'p‘oratO'r—fO'rm‘i'n'g—a'—
fourth stream and collecting it in said collection tank forming said high ethanol
stream; sUpplying said spenf stream to said second evaporator ‘ahd
concentrating it to 'form' a coneentrated spent stream and e process
condensate stream; and 'subjecfting said high ethanol stream to ,a- rectification

- process to recover rectified ethanol.
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DESCRIPTION OF THE DRAWINGS‘, .

Particular examples of methods in accordance with this invention will now be

described with reference to accompanying drawing, in which:

FIGURE 1 is an exemplary plan of the invention showing several features that

control the process of evaporative distillation of ethanol from a fermented

wash. A fermented wash after preheating [2] is fed to a degaéifying column

[A]. A stream [3] from bottom of said degasifying column is fed to a first
evaporator [C], where is gets heated to form‘nex‘t stream [4], Which ihrbugh a
heat exchanger [F1] heats stream [1] and then further gets-heated in.a second
heat exchanger [F2] to higher temperature before being sent tb a mash
colufnn [E], forming a high ethanol stream [8] which further colléct into
collecting tank [B] via evaporator [C]. The top stream [11] of evaporator [C] is
split; and one portion runs séid degasifying column [A], while remaining
pbrtion is conde‘nsed by evaporator [D] forming stream [12], which is collected
in tank [B]. The bottom stream ‘[5] from said mash column [E] is fed to
evaporator [D] to remove water [7] forming a concentrated spent stream [6].

The vapour stream [9] from column [A] is condensed and collected in tank [B].

The ethanol content of high “ethanol stream [10] is about 40% by volume, -

whiéh .is sent to further purification/ rectification.

FIGURE 2 is another'exemplary plan of the inv_entibn wherein a fermented
wa_sh'aft:er prehe'ati.ng [2] is split into’.two streams at a ratio of 70:30, the larger
stre'a’m—[z']—is-fe'd—to—a—dje'ga’sifyi'n'g—col‘um‘n‘[A'],—wh'i‘le‘th‘e‘S‘m‘ajl'I‘e'r“Stre'a‘m‘['1'3']‘i‘s—
directly fed to a mash column [E] keeping the other steps of the proceés as
depiéted in FIGURE 1. This by—bass of about 30 % of preheated fermented

‘wash [13] directly to the mash column [E] increases}thev vapour content of

stream [8] 'Ieading-to increase in evaporation efficiency of the‘evavporators

significantly. This is an optibnal feature for increasing the efficiency of the

process disclosed herein. -
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DETAILED DESCRIPTION

In one embodiment of the present invention, a fermented wash with ethanoi
concentration of between 2 to 23% ABV, preferably 6 to14% ABV is obtained
from yeast fermentation of a carbohydrate rich feedstock like grains, cereais,v
tubers molasses, sugarcane juice, lignocellulosic materiais or synthetic
ethanol. This wash is then preheated to about 60°C using a hot vapour stream
- of first evaporator in a heat exchanger This preheated wash [first stream] is
subjected to a degasifying column to separate gases and an top ethanol rich
stream [first vapour stream). After r‘emot/ai of gases, said ethanol rich stream
is condensed and collected in a collection tank. Said degasifying column is
heated by a part of top stream [second vapour stream] obtained from said first
evaporator._The bottom stream [second stream] of said degasifying column is
fed to said first evaporator forming a second vapour stream and a depleted
ethanol stream. Another part of said second vapour stream is fed to a second
evaporator forming a third stream’, ‘which is collected in said collection tank.
Simultaneously, said second evapora_tcrboncentrates a 'spent stream from a
mash cciumn,_separating water for the process recycie.‘ Said depleted ethanol
" stream from the bottom of said first evaporator is further preheated to about
80°C by energy’ of said spent stream in a heat exchanger and then fed to said
mash column fcrming a third vapour stream and. said spent stream. Said first
eva\porator is heated by the energy present in said third'vapour»‘stream,v
-condensing and collecting it in said collection tank. Said collection tank gives
high ethanol stream suitable for further rectification. Said mash column is
supplied with heat for energy reqwrements Ethanoi content of stream from

said coiiection tank is about 30 to 40% by volume.

‘In another embodiment of the disclosed- invention as illustrated in FIGURE 1
the steps of said process are the fermented wash [1] IS preheated with a
bottom stream [4] of a first evaporator [C] in a heat exchanger [F1]. This
preheated stream [2] is fed to a degasifying column [A]. Herein, gases from [2]

are- removed along with ethanoi vapours [9], ‘which are. co_ndensed and
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collected in a collection tank [B]. A bottom stream [3j from said degasifying ’
column is then subjected to said first evaporator [C] heating it to form two
streams; a top ethanol rich vapour stream [11] and bottom stream [4]. Said
vapour stream [11] is split and Sofne part is to sent to degasifying column [A]
for its running and rest is sent to a second evaporator [D], wherein it is
condensed to form stream [12], which is collected in said collection tank [B].
Theenergy of vapour stream [11] is used to cohcentrate a spent stream [5]-
coming fro'm‘m.ash column [E] to separate process water for recycle [7]. Said
bottem stream [4] is preheated with a heat exchanger [F2] using said spent
'stream [5] and subjected to distillation in said mash column [E], leading to
said‘ vapour stream [8] and said spend stream [5]. Said mash‘column is
heated externally to maintain a desired temperature in the system. This
method of efficient use of energy affords about 40% ethanol by volume in

collection tank [B], which is subjected to further purificétion and rectification.

In a different embodiment of the disclosed invention as illustrated in FIGURE
2 the steps of said process are same as per FIGURE 1 except that the
preheated stream [2] is divided in a ratio of 70:30. The larger stream [2] is fed
to a degasifying column [A], while the smaller stream [13] is directly fed to the
mash column [E]. This by-pass of about 30 % of preheated fermented wash
[13] directly to the mash column [E] increases the vapour content of stream [8]
leading to increase in evéporat_ion efficiency of the evaporators significantly.
This is an optional’ feature for increasing the efficiency of the process

disclosed herein._

In yet another embodiment a process for producing ethanol by evaporative
distillation is disclosed, wherein fermented wash is first evaporated in an
evaporator to generate a concentrated ethanQI stream. The remaining part of |
said wash is then further purified in a mash column to isoldte remaining
ethanol from eaid wash. In this process as a large pert of fermentedlwash is
removed in evaporation process, the load on the mash column is S|gn|f|cantly

less and hence small size of mash column is requlred
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Examp.le. provided below gives wider utility of the invention without any
“limitations as to the variations that may be appreciated by a person skilled in
the art. A non-limiting summary of various embodiments is given in the
examples and tables, which demonstrate the advantageous and novel
aspects of the process disciosed herein. Particular examples of processes in
accordance with this invention will now be described with reference to the

accompanying drawings

)

EXAMPLE

In one embodiment of the present invention about 35 KLPD- ethanol
production plant is operated using the method of evaporative distillation
disclosed herein. In a plant fermented wash produced at the rate of about 17
TPH contained about 8% v/v of ethanol. This fermented wash at about 32 °C
was preheated to about 58 to 60 °C by a plate type heat exchanger utiliyvzing'
the excess heat from the concentrated bottom stream of first evaporation unit.
Said preheated stream (first stream) was fed into degasifying column to
remove the dissolved gases from the fermented wash and produced a first
vapbur streanﬁ and a bottom second stream having concentration of about 8
% VIV of ethanol. Said first vapour _stream was condensed to produce high
.ethanol stream and collected in a collection tank. Said second stream was
further subjected to said first evaporator, generating a second vapouf stream
_a.ndfa'—dvepleted—e-tha—nel—s»tream.—Here—s-aid—first—eva'p'orator‘i's—h‘eat‘iﬁt‘eﬁa‘téd_
with a mash Column downstream. Said sécond vapour stream from said first
evaporator contained about 37% V/V of etha‘nol, which was condensed to
produce high ethanol- stfeam and collected in said collection tank. Said
depleted ethanolstream produced in bottom c'ont'ained about 4.2 % VIV of
ethanol which was fed to said mash column. Before entry to said mash-
column said depleted ethanol stream was preheated ’in a heat exchanger by

excess heat of spent stream of said mash column. Said mash column was
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provided required heat from an external source. The third vapour stream from
the top of said mash column ran said first evaporator. Said spent stream fed
to a second evaporator for concentrating it to contain about 12% total solid by
weight.\The third vapour stream generated from mash column contained
about 26% VIV of ethanol which was condensed to produce high ethanol
stream and collected in said collection tank The said final high ethanol stream
from collection tank was subjected to rectlflcatlon to obtain 95 % V/V of
ethanol‘. This method afforded about 35 KLPD of ethanol from about 17 TPH
of fermented wash with -conéufnption of steam at the rate of about 1.3

kilogram per litre of ethanol.

While the invention has been particularly shown and described with reference
to embodiments listed in exarhples, it will be appreciated that several of the
above disclosed and other features and functions, or alternatives thereof, may'
be desirably combined into many other differént systems or applications. Also
that - various presently unforeseen and ' unanticipated alternatives,

modlflcatlons variations, or |mprovements therein may be subsequently made
by those skilled in the art which are also intended to be encompassed by the
following claims. Although the invention has been described with reference to
specific preferred embodiments, it is not intended to 'be limited therefo, rather
those having ordina}'y skill in the art- will recognize that. variations and
‘modifications rﬁay be made therein which are within ‘thve spirit of the invention

and within the scope of the claims.
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1. A process for producing ethanol by evaporative distillation comprising:

a.

preheating . a fermented wash forming a

subjecting said first stream to a degasifying column forming a

second stream and a first vapour stream; .

condensing and collecting said first vapour stream in a

collection tank forming a high ethanol stream;

subjecting said second stream to a first 'évaporator. forming a

second vapour stream and a depleted ethanol stream,

condensing said second vapouf stream using a second
evaporator forming a third stream and collecting it in said

collection tank forming said high ethanol stream;

supplying a small part of said second vapour stream to said

degasifying column as heat source.

. subjecting said depleted ethanol stream to a mash column

~ forming a third vapour stream and a spent stream; -

. condensing $aid third vapour stream using said first eva_porator

-forming “a fourth stream and collecting it in said collection tank

forming said high ethanol stream;

supplying said spent stream to said second evaporator and
Concentrating it to form a concentrated spent stream and a

process condensate stream,; and

subjecting said high ethanol stream to a rectification procéSs to

recover rectified ethanol.
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. 2. The process of claim 1, wherein said fermélnted‘wash is preheated to
about 60 °C. :

- 3. The process of »Qlaifn 1, wherein said degasifying column removes

'gaseous part of said fermented wash.

4. The process of claim 1, wherein said first evaporator is energized using

said third vapour stream.

5. The process of claim 1, wherein said second evaporator is energized

using said second vapour stream.

6. The process of claim 1, wherein said mash column is operated using

steam energy as necessary. -

7. The procéss of claim 1, wherein said depleted ethanol stream is uséd to

preheat said fermented wash.

8. -The process of claim 1, wherein said spent stream is used to preheat said

depleted ethanol stream. "

9.  The process of claim 1, wherein said process condensate stream is

- recycled to recover process water.

10. The process of claim 1, wherein size of said mash column is reduced to

about 50% by of evaporation of said fermented wash prior to distillation.
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