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Title: A process for the continuous boiling of wort ) Thi s
[pYFntion relates to-a process for the continuous boiling of wort, as
we as to.a process for brewi ng beer from said boiled

When preparVAISREIS: ages from cereals, nore in 5 particul art MoK DLW ng
beer, wort is used. A conventional preparation of wort occurs by m xing
the starting material s, e.g., conprising unmalted grain (maize) and
water. The solid materials are first pulverised and then m xed with the
wat er . The resulting slurry is kept for sone tinme at a tenperature of
10 at least 40[err]C in the presence of an enzyne source, e.g., nalt.

Gel atini zation and |iquefaction thereby occur. In a next step t he
enzymati c conversion of the m xture (mash) is continued after

suppl ementary addition of malt and/or an external enzyne source. It is
al so possible to prepare wort on the basis of 15 malt and water. Then the
first step is omtted. _ The product thus obtained consists

mai nly of water, _
' Title: A process for the continuous boiling of wort

This invention relates to a process for the continuous
boiling of wort, as well as to a prbcess for brewing beer from
said boiled wort. '

' When pfeparing beverages from cereals, more in
5 particular when brewing beer, wort is used. A conventional

preparation of wort occurs by mixing the starting'materials,
e.g., comprising unmalted grain (maize) and water. The solid
materials are first pulverised and thén mixed with the water.
The resulting slurry is kept for some time at a temperature of

10 at least 40°C in the presence of an enzyme source, e.g., malt.

Gelatinization and liquefaction thereby occur. In a next step
the enzymatic conversion of the mixture (mash) is continued
after supplementary addition of malt and/or an external enzyme
source. It is also possible to prepare wort on the basis of

15 malt and water. Then the first step is omitted.

The product thus obtained consists mainly of water,
insoluble components of the raw materials, as well as soluble
components thereof, such as fermentable and unfermentable
sugars and proteins. In the conventional method this mixture

20 is filtered to remove the insoluble components, the spent
grain. The filtrate or extract is the wort. For brewing beer,
hop is then added to the wort, which is boiled. The trub
formed is removed, and the wort is cooled to about 8°C and
fermented. '

25 The aim of this wort boiling operation covers a
diversity of goals:

. extraction of the bitter-éomponents of the hops,

« deactivation of enzymes and proteins,

« formation and agglomeration of trub for subsequent
30 separatioh, '

e

e« sterilisation of the wort,



I nsol ubl e conponents of the raw materials, as well ‘as sol uble

conponents thereof, such as fernentabl e and unfernentable sugars and
proteins. In the conventional nmethod this mxture 20 is filtered to renove
t he insol ubl e conmponents, the spent grain. The filtrate or extract is -
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boiled. The trub formed is renoved, and the wort is cooled to about
8[err]C and fermented. 25 The aimof this wort boiling
operation covers a di versity of goals: [err] extraction of the
bitter conponents of the hops, Zderr] deactivation of enzynes and

pr ot ei ns, [err] formation and aggl oneration of trub for subsequent 30
separation, [err] sterilisation of the wort, WO 95/ 26395
PCT/ NL95/ 00113 2 [err] the

removal of Gee aremeval foff mlarrll@oméénéﬁayoundcompon?@ts]anche evapor ati on

of excess SpRé WvibdFHton of excessN@ a&bwgt%tsifect'veness of the
boiling process is_: deter rée paraneters duration, intensity
?g"?’g?ﬁﬁ:

(e.g. 5 evapdexmadty Lhe ﬁSF?FE boiling Pregesfedsssary
dur ati ongekeiri@¢nédi by NEhiée CoaPimd texs J duratlon, 1nten31ty (e.qg.

5 evaporation) and boiling temperature.

The necessary duration of the boiling to complete all
desired effects is determined by the evaporation rate and the
boiling temperature. The relatively slow isomerisation of hops
is the rate determining step. At atmospheric-pressure and

10 about 100°C, a good isomerisation of hop takes a minimum of 45
minutes. At higher temperatures and pressures the.
isomerisation can be completed in tlmes as short as two to .
three minutes. '

_ Besides affectlng the. homogeneity of the boiling the

15 vigour of the boiling is of special importance for the removal
of volatiles. The more vigorous the boiling, the better the
removal of sulphuric off-flavours. Especially sulphur
compounds like dimethylsulphide (DMS) have a very low taste
threshold in the final beer and.can.only'be removed during

20 - boiling. The concentration of this compound will in fact
increase again during later fermentation of the wort by yeast
excretion. :

The stripping effect of the hoil is determined by the
total evaporation during boiling and by the geometry of the

25 wort kettle to obtain a good "rolling” boil. Typically

' evaporatlon rates of 6-8 %/hr are used in the brew;ng
industry. Because of the large amounts of water that have to
be evaporated to achieve the desired off-flavour reduction,
the boiling stage is one of the largest energy consuming

30 processes in a brewery. g

Although the boiling process can be accelerated
significantly at elevated temperatures, either through
external heat exchangers or pressure cooking or the use of
multi-effect evaporators (known as HTW: High Temperature Wort-

35 boiling),-overheating-of'the wort is known to have undesired
effects on a number of quallty aspects of the final beer among
whlch are colour and head retention.



desired effects is determ ned by the evaporation rate and the boi l'i ng
tenperature.” The relatively slow isonerisation of hops Is the rate
determ ni ng_step. At atnospheric pressure and 10 about 100[err]C ood
i Someri sat ?Wr?’éﬁ‘??ép takes a m ni num of 45 m nutes. At h?&ﬁ@s’&ﬁs

t enperatures ‘and pressures the I sonerisation can be conpleted in tinmes
as short as two to t hree’ m nut es. Besi des affecting the
homogeneity of the boiling the 15 vigour of the boiling is of special

i mportance for the renoval of volaBsiles. The nore vigorous the boiling, .
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conpounds |ike dinethyl sul phide (DVM5) have a very |low taste t hreshol d
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have undesired

have CHES e apEnbEh e R i g e AP RRE" 2 IEmChd e
a continuous operation. :
It would be advantageous if wort could be boiled
continuously, as such a step could then be incorporated in a
. continuous wort production process. This process could for
15 exaﬁple include the process steps disclosed in the European
Patent Application Nos. 563,283 and 565,608, the contents of
which is incorporated herein by way of reference.
In order to be able to operate continuously it is a
requirement to have only short or negligible cleaning breaks
20 and boiling under atmospheric conditions as used presently in
the most widely adapted boiling operation in the industry.
The aim of the present invention is to provide a
continuous boiling process which may be part of a continuous
brewhouse, wherein the disadvantages of the prior art methods
25 have been minimised and which process is capable of producing
a boiled wort from which a beer can be brewed having a beer
quality that is comparable to the traditional batch-wise
process. ' | ‘
The present invention is concerned with a continuous
30 Dboiling process of wort, said process comprising feeding the
unboiled wort to a wort heater, wherein it is heated to a
temperature between 75 and 125°C, introducing the heated wort
in a plug-flow reactor, preferably a rotating disc holding
reactor, followed by treating the wort obtained from said
35 reactor in countercurrent with steam in a stripping column.
The wort heater or heat exchanger is preferably a plate
or shell-and-tube heat exchanger heated with steam. In this
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3 Al t hough this HTW process is a continuous process, with

t he i nherent advantages thereof, this process is not accept abl e because
of two r SWEesR6395 (a) The adverse effects on beer quali tperiNIDSUEst he use ’
of 5 tenperatures in the range of 120 - 130 C which are
significantly higher than what is used at the nonent in t he
brewi ng industry, e.g. 100 - 108 C. (b) The occurrence of severe
fouling by protein precipitates 4 in the holding tubes of the HTW
This requires a long and 10 I ntensi ve cl eani ng which does not fit the
requi rement of a continuous operation. It would be

advant ageous if wort could be boiled - continuously, as such a step could

t hen be 'Hélﬂtéﬁf@ﬁ@dmébmn wc&‘ﬁlt:.smﬁaﬂ:thé@'f&oﬁrﬁﬂétcﬂpﬂr@tﬂlsﬁssd Thi fh

process cou 0 u e ocess.,ste scl osed in e

Eur opean Eemp ?{e eAﬁ:)Y m%]r%%nﬁ) %%5 f%? gﬁcﬁ%ﬁg EB‘BPe{'?ﬁa UI®nt ent s of

which is Becamseraf ethéecmtn.rh;oumﬁlmiw rtxhben:equdired heatinglarea des to be

able to ogﬁgﬁig c rG%%ﬁféndfs HanﬁEQQU|renent to have only short or
g

negl i gi bl e cTeani nqg break and Grider at nospheric conditions as
used present| yAlso applicabistfoy d'éﬂ,s aogpose woulidnheopeevaporatort he

NdUSTY. (gor exampid @i RO e N FAGR tyBUSN Wlch Sl OLEAY | iiked:

cont i nuous |1 ng” process which na%O BF cont | nuous br ewhouse,
wher ei n tﬁ%rdli‘%aa*él’o‘%ttéb%é”%t A% WeliloRs, °ﬁEFhBﬂst12% steam f%ethd ni ni sed
and mhlch1@t@@a§§r1ppin§x§§¢tﬂah pr oduci ng- a boiled wort from which -a

beer can be br med h Vi n ual|t that conparable to the
traditional ba é’éhan ansfé%red fﬁ hoid ngpcofhmn,

10 - operatlng at a temperature of from 75 to 125°C and a pressure
of 1 to 2 bar, to obtain the required residence time for the
several reactions to- take place at temperatures close to the
boiling temperature. The rotating disc column (or rotating

disc contactor) is equipped with a rotating axis fitted with a
15 large number of discs. The diScS'serve=two:purposes:

(1) to apply a gentle stirring to aid the coagulation and
agglomeration of trub particles and keep them in
suspension, thus preventing the excessive foullng of the
column internals, and o ' o

20 (2) to obtain a controllable residence time distribution so
‘that all the wort is subjected to the same duration at
higher temperatures. '

As plug flow reactor, various types of reactor may be
used, in which connection it is of special importance that no

25 unacceptable back-mixing and or pre-mixing of the components

occur. Examples thereof ‘are tubular reactors and cascades of
more or less ideally agitated tank reactors. A preferred type
of reactor is the so-called rotating disc contactor, which is

a known type of vertical column reactor as described in, e.g.,

30 Kirk-Othmer, Encyclopedia of Chemical Technology, Third -

edition, Vol. 9, page 702. .

'Such a reactor generally consist of a vertical column
provided with a ‘central agitator shaft having attached thereto

10 or more discs or plates' . These discs or plates cover at

35 least 80 % of the*cross sectiqn of the column. In general,

this surface dées not exceed 95 $. By rotating the shaft and



process. The present invention:is concerned with a continuous 30
boi ling process: of wort, said process conprising feeding the unboi | ed
wort to a wort heater, wherein it is heated to a t enperature between 75
ahd 125[ er nyG9sie6mws oduci ng t he heated wort in a plug-fl oper/NBeso0113
preferably a rotating disc holding reactor, followed by treating the
wort obtained fromsaid 35 reactor in countercurrent with steamin a
strlpplng col um. The wort heater or heat exchanger is preferably
a plate or shell-and- tube heat exghanger heated"with steam In this
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4 heater the incomng wort is heated fromthe filtration
tenperature (typically 75 C) to the boiling tenperature. Because of the

continuous &i@&étfﬁ‘ Elﬁél%dl%h%atﬁﬂﬂ) %@sﬁ‘érs:.onsgfl tBe 589DaCcravest i ppal
exchangers. appl-icable for this purposé would be a evaporator

(for exaanEh%fl¥QHQQEﬂqq *filmtype), which could be used for
heating the wortThe wse|ofisa parrhaxiteg t:h&t%‘aaamff ah hlreangemehat of

ol umn, 30 FEHIPRY Supen he . AAvaRsSgk Frak, 8e, 501 SBPCPHIERNG o |
pressuré actiodJtwhéhtnn:ttpassaﬁamha:heldaqgltabeseatdbqwespeaé for the
' ~ (necessary to obtain an acceptable residence time) the
agglomerated denatured prqteins and enzymes bonded with hop
resins or polyphenols from malt or hop will not settle.

In the past this precipitation caused residues in the

10 tubes at high temperatures at long times, which form a
impenetrable deposit requiring a thorough cleaning action
using alternating hot and cold water cleaning cycles to
"crack" the deposits from the tube surface. The rotating discs
contactor prevents the formation of deposits by'the agitation,

15 the absence of baffles ensures a minimum of dead-spots inside
the column. :

' The volume of the plug flow reactor and more in
particular the rotating disc contactor is chosen to reach a
holding time of 45- 75 minutes, during this time all the

20 desired reactions will have proceeded sufficiently.

In the third stage of the process the wort is fed to a
distillation type stripping column, operating at a temperature
of from 75 to 125°C and a pressure of 1 to 2 bar. The column
is fitted with trays on which the wort is stripped, preferably

25 countercurrently with fresh saturated steam.

~ Because of the large number of trays (at least 5 trays)
and subsequent equilibrium stdges the volatile componehts are
removed in a very short time at a high efficiency. The
residence time in the column is typically only 10 s to ten

30 minutes, preferably 0,5 to 2 minutes. Because of the high
efficiency the use of stripping steam is smaller than the net
evaporatlon during traditional wort bolllng The gain in
energy consumption is therefore 51gn1f1cant. The continuous
operation further enables the reuse of the stripping steam to

35 heat the incoming wort. Optionally the wort is heated and
partially evaporated in a evaporation unit, the generated



several reactions to take place at tenperatures close to the boi |'i ng
tenperature. The rotating disc columm (or rotating disc contactor) is
equipped with a rotating axis fitted with a 15 |arge nunber of discs. The
di scs serve two purposes: (1) to apply a gentle stirring to aid the
coagul at i WO 2816395 ' aggl oneration of trub particles apgrsaofodiagm i n
suspension, thus preventing the excessive fouling of the . col um
internals, and 20 (2) to obtain a controllable residence tine

di stribution so that all the wort is subjected to the sane
duration at hi gher tenperatuges. ' As plug flow reactor
various types of reactor may be used, in which connection it is of
speci al inportance that no 25 unacceptable back-m xi ng and or pre-m Xxing
of the conponents occur. Exanples thereof are tubular reactors and

cascades Oéapoursﬂgétvﬁn Q%S theeakryp ﬁﬂhgahsélgﬁ“fanEQt Tip eferred

type of reactor is e so-called'rotating disc contactor, chis
a known t Qﬂnvertical .colum reactor as -described in, e.g., 30

Kirk-Q hner, Erky cdonishingfsédtddnc sarioabne gey of hsﬁﬂipplnfcaﬁdf&b Vol .
9, page 7 Such_a reactOéFgeneral consi st a vertlcal col um

provi ded vé%tlal]t%trﬁqnaleqé"d'lppgfioFagh t UAS9r ng %Ht%&r%ot’f%r%’f dacked g of
nor e dPscscakuml atfnr exbmple dising dheplsatealtedesSudted® pacieiig SbPoof the
cross sectyfrridg eyl umm. I n general, thi's surface does not exceed

95 % By rotatlng the shaft and - WD 95/26395
PCT/NLgS/OOlJi;A stripping column will preferably have 5 or more trays

or a packed height of at least 2 meters.
The tray-type column w1th downcomers assures a good
10 mixing of steam and wort and has a broad operating range. As
the volume is very small this type of ‘column can easily be
cleaned by successive filling and draining of the column in
. either normal flow or reverse flow. Care has to be taken
during mash filtration'prior to the boiling of the wort as

15 particles resulting from inadequate mash separation may block
the upper trays _

Saturated steam is fed through a bottom inlet below the
bottom tray or packing. Because of the highly efficient mass
transfer the steam flow can be set as low as 4 - 6 wt. % of

20 the mass flow of wort

A good insulated column is necessary to maintain
~equilibrium between wort and ‘steam temperature to prevent
steam conden51ng in the wort resulting 1n undesired dilution
of the wort and inefficient .Steam usage.

25 The use of a holding column in combination with a
stripping column offers a number of unexpected benefits in a
process- technological view. As one of the most important off-
flavour components, dimethylsulphide (DMS), 1s formed from a.
non-volatile precursor, the holding stage assures that a

30 max1mum amount of the precursor is transformed into DMS
entering the stripping section This means that the resulting
level of DMS will be very low, as DMS itself is removed with
high efficiency in the stripping section

The stripped wort leaving the evaporator can now be

35 treated further in either a continuous way or a traditional
way (trub separation through centrifuges or whirlpool, wort
cooling and aeration and fermentation). A further continuous



5 discs in the colum a proper di spersion of the solid nmatter in

the liquid occurs. The use of a contactor instead of an
arrangenent of hol di ng tubes has the advantage that due to the stirring
5 acti on, \%&ﬁ} passes the holding tubes at |ow speed &%necessary to
obtain an a e residence tine) the aggl oner at ed def, t{00113
proteins and enzynes bonded with hop resins or polyphenols fromnmalt or
hop will not settle. I'n the past this precipitation caused
residues in the 10 tubes at high tenperatures at long tinmes, which forma
I npenetrabl e deposit requiring a thorodbh cl eaning action usi ng
alternating hot and cold water cleaning cycles to "crack" the deposits
fromthe tube surface. The rotating discs contactor prevents the

or et on ofc A5G Y cheyR 3, g e 05, PLRF WS SRS BB, o
pl ug flow r ddet drolatichomivigme at highatempetraturés can de rghatitenedoevent or i s

chosen to rfggg} to QQEQMP?F ﬁ?ﬁuﬁ&s4ﬁ e%éﬁgggt% tﬁg”ﬂfﬂbtﬂﬂ S tlne al |

the 20 des reactlons ave proc C|entl In the

third stage mEipaqus fashionewisht aj §en'é§if'ége Tra%ni'slsqqqld-:y &her yse of
stripping cql mrl?@ﬁlahieaﬁsathatt eRBeWSHE! £5 sub;PécffédJr’&Jidr@ hélsang] C

and a pressure 2 bar. T s fitt tray whi ch
The nort < < Eimedd thsr sPBmRy 28 - BRmLrebSE 1953 1Y ¢ S LAk ALeed
st eam not H&neﬂrbaaaftbhehéawgetnquhbitpf trays (at least 5 trays)

and subsequent e he v o] r enoved
in a very short ?lltﬂnée %d]%%%;o%% ?, }lcﬁgng%’%%‘ge& n@ﬁg@&qﬁ%%qtﬁg in the
colum is tma;aielnpeormwel@nsat buféer3vessehutBhe jregntidn \therefioge?

i nut 510 BOGAURS A1 el ol procBbhi EbeNb¥edlty Uberlysidd Rl Gotkeam | S
smal | er than t he net evaporation during tradition wort boiling. The
gainin prepared as described above.

The process of the present invention accordingly offers
the following advantages:

- continuous operation

5 - atmospheric boiling conditions

- optimum trub formation by low shear conditionmns

- highly efficient off-flavour stripping replaclng high
evaporation rates '

- highly energy efficient enabling high heat recovery

20 - favourable low oxidation conditions as there is no
contact with air.

- a well defined residence time in the entire arrangement,
resulting in no effects of inadequate m1x1ng or localised
overheating _

25 - ' low volume equipment enables effective cleaning and less
usage of cleaning agents. '

- small area requirements of the equipment compared to
traditional boiling coppers. '

- reuse and subsequent condensation of the stripping steam

30 containing the off-flavours prevents the emission to the
atmosphere.

- reduced heat load on the wort due to the shorter
processing times.

The invention will now be illustrated with reference to
35 the accompanying drawing showing an example of the process
scheme according to an embodiment of the invention.



energy consunption is therefore significant. The continuous operation
further enables the reuse of the stripping steamto 35 heat the incom ng
wort. Optionally the wort i SThieﬂtead{aaBaneiacaart ially evaporated in a

evapor at (feshgsds, the generat j:m lll!! "II ) 95/26395 Pcrm\%sé%o&%
e Sstri col um. As

N
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serving as the stripping

stripping section various types of strlpplng and/or distillation

equi pped can be used, such as a tray_or packed 5 colum, for exanple
using the so-called Sul zer[err] packing, or a baffl ed col um.

A stripping colum wll preferably have 5 or nore trays or a packed
hei ght of at |east 2 meters. The tray-type colum w th downconers
assures a goo m.and_wort cand has_.a hbroad _.qperating
range. dh} het h\r;éol rlgs av%%%’?ﬁﬁl PcFﬂ¥§l?g/p’é° tfhec&t!hrﬁ{’teﬂ? &5si | y be

cl eaned tghcauncmp;rQSﬁ.nlgl anghred elementcailinge sadtion |q<|>ns1st1agt her
normal {10 DlydrfVqhgatf EOWFeEéN%H?St}&Q ;P%Eaﬁicgu the n{i

filtration prior to the art| es resul |ng from

i nadequater mash fdd&ration hﬁfvggromssel tmismmtft rfws}ng a

5 temperature in the range of 75 °'C, is heated using heat
exchangers 2 and 3, being a shell-and-tube, a spiral or a
plate heat exchanger. The heating medium: in heat exchanger 2
is steam exiting from the stripper and heat exchanger 3 is fed
with fresh steam. In the heat-éxchangers the wort is heated to

10 a temperature of 100 °C ot_slightly higher (1 to 3 °C) to
counter the heat loss in the holding column 4. The wort is fed
to the column 3 through a pump 6 necessary to overcome the
static head of the column. Holding column 3 is of the vertical
'rotatlng disc type equipped with a rotating agitatlng shaft

15 driven by a motor with gear.

-The holding column 4 can be fed from either top or bottom
inlet, the bottom inlet being chosen in this embodiment as in
- this case the stripping column 5 is fed from top enabling a
down flow by gravity. The residence time in the holding column

20 can be set by adding outlets at selected heights in the
column. | |

.The stripping séction-S is fed from the bottom with
saturated steam controlled by a pressure reduction valve and a
mass flow measurement coupled with a flow-regulating valve.

25 The flow rate of steam is set as a fixed percentage of the
wort flow enterihg the stripping section to obtain an optimum
operation regime, preventing either raining or flooding flow
regimes on the trays. The steam leaving the stripper, which
contains high concentrations of stripped components is either

30 discharged through a chimney or can be condensed partly (by
heating incoming wort with exchanger 2) or be totally
condensed by using. exchanger 2 in conjunction with a condenser
6, after which the condensate can be treated in the waste
water processing plant. With the aid of pressure gauge 7 and

35 regulating valve 8 it is possible - though not necessary - to
operate the arrangement_at elevated pressures and temperatures
offering the opportunity to run the arrangement at higher



Saturated steamis fed through a bottominlet below the bottomtray or

packi ng. Because of the highly efficient mass transfer the steam fl ow
can be set as lowas 4 - 6 wt. %of 20 the mass flow of wort. A
good insulated columm is necessary to maintain equi li brium between wort
and steam t%R3¥#%Ure to prevent st eam condensi ng in t hPRNRISORYY) ¢ ng
I n undesired dilution of the wort and inefficient steam usage. 25

The use of a holding colum in conbination with a  stripping colum

of fers a nunber.of unexpected benefits in a process-technol ogi cal view
As one of the nost inportant off- Bl avour conponents, dinethyl sul phide
(DVMB), is forned froma non-vol atil e precursor, the hol ding stage
assures that a 30 nmaxi num anount ‘of the precursor is transformed into DVB
entering the stripping section. This neans that the resulting | evel of

DVS wi || bethoeyghputs asTiohg is «ff fcqursecddiddedi oply byhthe maximumncy in

the strippi ggonegbifible within tHE cHdratied Weglimk8a¥kengnht hetBYSPPRAL OF
can now be 35  treated further in either a continuous %agFgr a traditional

way (trub sEPARER: JWOFhRARLRE fhe dRymeaerirrmpbbe. m tray GAR e and
aeration anguhpedegt s i€ie . trhl Wepuiation isekd®idn 10 and fud€h@b/ 26395

PCT/NL9 Ooé%gcessing of the wort. When using the a%rangement at elevated
pressures the wort exiting from the stripping section will.
have to be flashed to ambient conditions in a separate buffer
vessel. A level controller in the bottom of the strippihg
column separates the higher pressure in the column from the

10 atmospheric pressure in the receiving and/or flashing vessel.
The invention will be further illustrated by an

Example, but is not limited thereto.

EXAMPLE and COMPARATIVE EXAMPLE
15
A filtered wort was produced in a conventional manner,
the mash having been produced by an infusion scheme, which
mash is subsequently filtered by means of a lautertun. The
wort ¢oming from the lautertun had a temperature of 74°C. The
20 filtrate collected from the lautertun, having a gravity of
12.5°P, was led to a shell and tube heat exchanger, in which
the wort was heated, using fresh steam on the shell side, to
temperature of 103°C. The wort exiting from the heat exchanger
was introduced into the bottom of a rotating disc contactor
25 with a volume of 600 1 at a flow rate of'1200-1/h. This
contactor had a vertical rotating axis provided with 40 discs.
In the holding reactor (rotating disc contactor) S-
methylmethionine (SMM) was satisfactorily converted to
dimethylsulphide (DMS).

- 30 The wort was subsequently fed into the top section of
a tray column equipped with 12 trays and downcomers. The hold
up volume of the column was approximately 20 1. Fresh,
saturated steam was fed into the bottom section of the column,
representing a stripping ratio of 5%. .

35 The boiled wort was subsequently fed to a separator
for removal of trub and cooled. This wort was processed
further to beer and bottled.



treatnment of the wort |eaving the boiling section neans that t he

hol ding time at high tenperatures can be shortened even further to a
couple mnutes by separating the trub in continuous fashion with a
centrifugs g&gﬁ'tionally the use of 5 a whirlpool neans that the wort is
subj ect edVP8 % holding ~ times in the range of 20 - 1ORFHN0WS,t o5 -
100[err] C, that are not beneficial to the wort quality. The
cool ed wort can be fernmented, optionally after residence tinme in a
buffer vessel. The invention therefore 10 also relates to a process for
brewi ng beer using the wort prept ed as described above. The
process of the present invention accordingly offers the foll ow ng
advant ages: - conti nuous operation 15 - at nospheri c boiling

condi ti ons % iqumtrub fornatjon | ow shear condl i ans

hi ghl 'y eff|C|ent & VRriPYs: SEREEB P t?%m?%éﬁ?ﬁf level of D@§aﬁ8§at|on
rat es determigiedy energy efficient enabling hlgh heat  recovery 20 -
favourabl e |OM/OXIdatI0n condltlons as there is no ~contact with

al r. 4 e—2 arroreT e
resultlrm]Aﬁteaofaﬂtmationf |nadequate n7«|uQVIM’ | ocal i sed

over hegt i o3 contac%BW vol une eqU|p ﬁﬂgﬁ[es effective cl eaning a#d
| ess Cl eani ng agents.™ e smal | area requirenmentg of
t he eqU|-'-"Ib6#§aP§Grto : trad(ch#Eﬁlﬂxnll ng coppers. . -
reuse and|agasege ga&aeead%aa&barmé t hgg §i4/Ppi ng st eam 30
cont ai ni ng_the o flavours prevents the eni'ssjon to the
atm)spherLlnal beer | educed heat |oad 4 WFE-Wort due to the shorter
processi ng tummgctlon limitThe iovggrion wi.ll now be illustrated wth
refer 80- t 18 .CCoqga Vi Ng dr aw ng, . homnng an exanpl e of the prdcess
Scherrg R .- A; POLOW _ LIC a5 L. a_’ 108
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As a comparison a_part'qf the‘filtrate coming from the
lautertun was boiled in a conventional batch-wise wort boiling
kettle and processed further to a beer. An analytical and

15 organoleptical comparison showed no significant differences,
except for the slightly darker colour of the beer obtained by
the conventional process. This can be attributed to the longer
residence times at elevated temperature, which is known to
cause darkening of the wort.



I'n the figure a process according to the invention is shown,
conprising a three el ement boiling section consisting of a wort
inlet 1, receiving the wort fromthe mash filtration mash
filtrati on wobsmpe3ssyessel, This wort, having a 5 terrpermﬂmlﬂhe
range of 75 [err]C, is heated using heat.: exchangers 2 and 3,
being a shell-and-tube, a spiral or a plate heat exchanger. The
heati ng medi umin heat exchanger 2 is steamexiting fromthe

stripper and heat exchanger 3 is fed t he heat
exchangers the wort is heated to. Ji%) a rermmﬂ“mmm" rr] C or
slightly higher (1 to 3 C to counter the” héat "I o%s ¥ n *t he hol di ng
colum 4. The wort is fed to the colum 4. Holding colum 4 is
of the vertical rotating di sc type equi pped with a rotating
agitating shaft driven by a notor with gear: 15 The

hol ding columm 4 can be fed fromeither top or bottom ' inlet, the
bottominlet being chosen in this enbodinent as in this case the
stripping colum 5 is fed fromtop enabling a down fl ow by.
gravity, The residence time in the hol di | umm can be. set by
addi ng outlets at sel ected heights in the 20 colum.

The stripping section.5is fed fromthe bottomw th
satur?}ed.stean1controlIed. by a pressure reduction valve and a

mass ow nmeasurenment coupled with a flowre ng _valve

flowrate ofl steaﬁ1P%og%ﬁgagoﬁm%$§eﬂoﬁt}BEﬂF % # gﬁegk worty cQ Pflgﬁﬁﬁ
enterlngtrmfeédinglm@eunnbmﬁued wbmﬂrtmnaopnnhuheater, whquymuibnls
regime, preven t%@e §1£hﬁé #éfgtﬁgeoketbggﬂ'ﬁg aBEQW10°C, introB68iHES taa

the trays. | 68V
heated wort in a plug flow reactor, preferably a rotating disc

5 holding column, followed by treating the wort obtained from
said reactor in countercurrent with steam in a stripping
column.

2. A process as claimed in claim 1, wherein the plug flow
reactor has multiple outlets to control the residence time of

10 the wort at a fixed inlet flow.

' 3. A process as claimed in claim 1 or 2, wherein the plug
flow reactor operates et a pressure of from 1 to 2 bar, and a
temperature of from 75 to 125 °C.

4. A process as claimed in claim 1-3, wherein the said wort

15 heater is indirectly heated with steam exiting from the said
stripping column.

5. A process as claimed in_claim 1-4, wherein, optionally
pre isomerised, hop pellets and/or hop extracts are added
before or after the said wort heater.

20 6. A process ae claimed in claim 1-6, wherein the stripping
column is operated at a pressure of from 1 to 2 bar, and a
temperature of from 75 to 125°C.

7. A process according to claim 1-6, wherein the stripping
steam is used as heating medium in the wort heater and/or for

25 heating other process flows.

8. A process as claimed in cla1m 1-7, wherein the wort from
the stripping column is flashed into a buffer vessel.

9. A process as claimed in claim 1-8, wherein the wort is
'heated'and partially evaporated in a evaporation unit, the



contai ns high concentrations of stripped conponents is either -

di scharged through a chimey or can be condensed partly (by . 30
heating i ncoming wort with exchanger 2) or be totally ' condensed
by usi ngweoesiesger 2 in conjunction with a condenser PCT/NLOS/00RBt er

whi ch the condensate can be treated in the waste ' wat er processing
plant. Wth the aid of pressure gauge 7 and regul ating valve 8 it
is possible - though not necessary - to 35. operate the arrangenment at

el evat ed pressures and terrperatures12 of fering the opportunity to
run the arrangenent at higher WD 95/ 26395

PCT/ NL95/ 00113 9 t hr oughput s.
This is of course Iinited only by the nmaxinmm fIOM/possibIe wi thin the
oper ati ng ri o) v mer
fromthe E?‘ vLESu%E ggwgnn%egsc fcf)g{]r?e\%'rﬁtﬂ)iﬁi g‘rga ion gg\é\?ﬁlon 10
and furthétrlBPpnﬁc@@%mm@ of the wort. Wen using the arrangenent at

el evated 19, PAEPHIRSd NEs Weldimeat 1Y 1adms he- $f rwmgﬂnSEﬁEI o 1%dd -
have to be flashed to ambi ent conditions.in a. separate buffe vessel . A

| evel contPBEr ePPEHORMBLY ALRK FLate iqatimm nds °°°&8$iuﬂﬂds§ﬁﬁ'l‘%‘?%%dthe
hi ghers pr nsg/rg pli'obbﬁsC(ﬂdrlﬂbﬁdlfvﬁmg Iseds), ebmﬁsﬂbﬁngctnéesml nltlathhﬁxf ]
receivi ng n [0) SIS vVesse e.lL.nyenti o W urt her
it ratel Byfhe bE21NES MRS whe progsss ps fig bR ib Slath'1-£8. TUTtT

Beer obtained by the process of claim 11.



EXAMPLE and COVPARATI VE EXAMPLE 15 - Afiltered wort was pr oduced

I n a conventional nmanner, t he mash having been produced by an infusion
schene, which- mash i s subsequently filtered by neans of a |autertun.
The wort coming fromthe lautertun had a tenperature of 74[err]C. The
20 filtramoeseescted fromthe lautertun, having a gravity RIT/NLISOQQ35P,
was led to a shell and tube heat exchanger, in which the wort was

heat ed, using fresh steamon the sherhlgide, to t enper at ure of
103[err]C. The wort exiting fromthe heat exchanger was introduced into

the bottomof a rotating disc contactor 25 wth a volune of 600 1 at a

flowrate of 1200 1/h. This contactor had a vertical rotating axis
provi ded with 40 di scs. In the holdi rotating disc
contactor) S met hyl met hi oni ne (SMV) was sati onverted to

di met hyl sul phide (DMS). 30 The wort was fed into the
top section of a tray colum equi pped with 12 ownconers. The
hol d up vol une of the colum was approxi nat el h,

saturated steamwas fed into the bottom sect@ ,
wort was

representing a stripping ratio of 5% 35 ‘
subsequently fed to a separator for renmoval o cool ed. This
wort was processed further to beer and bottl ed. WO 95/ 26395
PCT/ NL95/ 00113
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10 various stages of. the process the | evel of DMS was
deternWﬁBHENIGDE OQQE fSREAYX i on:

- T4nker npylanal pag
cont act o#~CGraverhage °11§f§§ [err]g/il’ 8 After sﬁ%ﬁéﬁéﬁgi°n No. 2¥%ﬁL9”°°113

<10 [err]g/l* After separator and coollng 20 [err]g/l Fi na

beer
40 [err§z/BCT 0373 *: detection I|n1t |s 10 [err]g/l 10 **: well below the
taste threshold

rt t fi
corming-fromthe IPau%?tW abBF‘Pcé SI r?scgrgfgr{lsgn?‘? %ﬁ%ﬂ qﬁﬁ?é&l{éﬁ?é@ wor t
boi I'i ng ketstiownancoqpuicdfged thredeslemend beelinq&rsmé.byt cond Lshidgls

or ganol epti cal oeoqp%fe%fétowedzaeeﬁ | fineanhedli EEGH %%eﬁtash £1B0¢a®bnf O
the slightly darker co obt ai ned_ by onventi ona
process. This SEn™pEh % Fﬁﬁ?ﬁ@ SB ? Y?ﬁﬁﬁ%’ Thi sr@%ﬁheﬁeggFFﬂEs at
el evat ed teﬁpeﬁahpeeatutecin|thekremgetaﬁ 7% ‘Cauds Hestezhiusgngf hede wort .
VO 95726395 exchangers-2 and 3, being a she]:.l. anﬁqﬂxﬁl‘gg QQ:H@J. or 2
plate. heat exchanger, mhe heating medium in heat exchanger 2
is steem exiting from the stripper and heat exchanger 3-is fed
with fresh steam. In the heat exchange*s the wort is heated. to.
10 a temperature of 100 'C or slightly higher {1 to 3 C) to
counter the heat loss in the: holding column 4. The wort is fed
to the column 4. Holding column 4 is of the vertical rotating
disc. type equipped with a rotating agitating =haft driven by a
motor with gear. .
15 The holding column 4 can be Tfed from either top or bottom
iniet, the bottom inlet. being chosen in this embodiment.as in
thls case the stripping column 5 1s fed from top enabling a
down, fl ow by gravity. The residenee time in the holding column
T can be set by adding outlets at selected heights in the
20  column. : :
- The stripping section S is fed. from the bottom with _
saturated steam controlled by:a pressure reduction valve and a
mass- flow measurement coupled with a flaow-regulating valve.
_ The flow rate of steam.is set as a fixed percentage of the
"25 wort flow entering the st ripping section to obtain an optimtm
ope*ation regime, preventing either raining or flooding flow
regimes on the trays. The stesm ieaving the stripper, which _
contains high concentrations of stripned campenents is either
discharged through a chimney ox can be condensed partly (by
30 heating incoming wort with excha ger 2) or ke totally
condensed by using exchanger: 2 in co“]unction with a condenser
6, aftexr which the condensate can- be treated in the waste
--water processing plant. With the aid of pressure gauge 7 and
reguleting valve 8 it is possible - .though not necessary - to
35. operate the arrangement at elevated pressures and temperatures
offering the opportunity to run the arrangement at higher
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(54) Title: /K PROCESS FOR THE CONTINUOUS BOILING OF WORT

1 (§7) Abstract

This invention relates to a process for the continuous boiling of wort, comprising feeding the unboiled wort to a wort heater, wherein
it is heated to a temperature between 75 and 125 °C, introducing the heated wort in a plug flow reactor, preferably a rotating disc holding
column, followed by treating the wort obtained from said reactor in countercurrent with steam in a stripping column.




7. A process-according to claim1-6, wherein the stripping steamis .
used as heating nmediumin the wort heater and/or for 25 heating other
process flows. 8. A process as claimed in claim1-7, wherein the wort
from the stripping colum is flashed into a buffer vessel. 9. A '
process as claimed in claim1-8, wherein the wort is " heated and
partially evaporated in a evaporation unit, the : WO 95/ 26395

PCT/ NL95/ 00113 12 gener at ed vapours
serving as .the stripping nediumin the stripping colum. 10. A~
process as clained in clainms 1-9, wherein the boiled wort, optionally
after clarification, 1is cooled and fernmented. 5 11. A process for

brew ng beer, conprising the fermentation =~ of wort obtained using the
process as clainmed in claim 1-10. 12. Beer obtained by the process of

claim11.
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