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(57) Abrégé/Abstract:

A system and method is provided for processing milk for spray drying. The system may have a pre-evaporator configured to receive
and concentrate the milk stream producing an intermediate concentration milk. The system may also have a first buffer tank
configured to receive the intermediate concentration milk and store the intermediate concentrate milk at a reduced temperature.
The system may further have a first finisher evaporator configured to draw the intermediate concentration milk from the first buffer
tank and concentrate the intermediate concentration milk producing a final concentration milk. The final concentration milk may be
suitable for spray drying.
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(57) Abstract: A system and method is provided for processing milk for spray drying. The system may have a pre-evaporator con-
figured to receive and concentrate the milk stream producing an intermediate concentration milk. The system may also have a first
buffer tank configured to receive the intermediate concentration milk and store the intermediate concentrate milk at a reduced tem -
perature. The system may further have a first finisher evaporator configured to draw the intermediate concentration milk from the
first buffer tank and concentrate the intermediate concentration milk producing a final concentration milk. The final concentration
milk may be suitable for spray drying.
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SYSTEM AND METHOD FOR PRODUCTION OF LOW THERMOPHILE AND LOW
SPORE MILK POWDER

DESCRIPTION
RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
82/088,017, filed Oclober 27, 2014,

TECHNICAL FIELD

[0002] The present disclosure is directed towards a sysiem and method for producing
low thermophile and low spore milk products, and more particularly, heat treated milk

powders.

BACKGROUND

[6083] For decades the dairy powder industry has been faced with the challenge of
producing low thermophile and low spore dairy powder products, The prasence of
some lgvel of thermophiles in dairy powder is inevitable because of theilr presencea in
the incoming raw mitk. However, due to the exponential growth behavior of the
thermophiles this minimum level can quickly grow (o unacceptable levels over the
course of a production cycle because the processing equipment provides an ideal
growth environment. Concentration of the thermophiles and spore gounts as the milk
product solids are concenirated by evaporation and spray drying further mulliplies the
thermophile and spore counts by a factor of 7.5 or more. Conssquently, thersis &
significant need for a system and method capable of consistently producing low
thermophile and low spore dairy powder throughout a production oydle without having
to repeatedly shut down the entire system for cleaning.

[8084] Thermophiles in milk powders are undesired becauss they produce heat
resistant spore which are difficul! to destroy, produce constituents which may detract
product funclionalily, and spores and vegetative bacteria may cause spoilage in
application. For these reasons and more milk powder customers do not want high
thermophile and spore counis in their milk powders.

[6605] Biofilm is a primary cause of high thermophile counts in dairy powders. Biofilm
is formed in processing eguipment when a microbial bacleria cell altaches {o the

interior surface on which it remains in contact with the product and then the cell begins

A
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to grow and divides forming more bacleria cells. The number of bacieria cells
increases rapidly and the bacteria cells begin to form micro oolonies. This growth
stage is referred 1o as the maturation period. Within about 8-12 hours the micro
colonigs begin fo disperse cells, which can be carried further downstream in the
process where they become aftached and trigger the growth of additional micro
colonigs. in the first 8-12 hours, cell detachment from the bicfilm is not a major issue.
However, as shown in FIG. 1A, once detachment from the biofilm staris, the
thermophile / spore count in the milk that is in contact with the bioflim increases
rapidly. The thermophile / spore count is not the only thing that increases rapidly, the
fouling rate of the processing equipment also increases. FIG, 1B shows magnitudingl
development of the fouling rate and the spore count in an evaporator over 36 hours of
continuous operation. As shown in FIG. 1A the spore count begins growing rapidly
beyond approximately 9 {0 12 hours along with the fouling rate. As a resull, dleaning
of the evaporator becomes increasingly more difficult the longer the operating run,
therefore reguiring more chemicals and longer cleaning cycles.

[0888] High temperature short time (HTST) pasteurization of milk will kil a portion of
the living thermophilic bacteria that contaminates the milk leaving the heat exchangers
of the preheating system, and higher temperature heat treatment steps will kill more of
the bacleria and reduce the living thermophile population in the milk. However, a
more significant long-term concern remains the “dormant” thermophile spores that are
also released into the milkk by the biofilm. The “dormant” thermophile spores are not
killed by pasteurization and other heat treatment steps and these *dormant”
thermophile sporas will grow in the finished milk powder once sufficient moisturg is re-
infroduced, even months after spray drying. An additional concern is that the
concentration of the milk product in the evaporator simubltaneously concentrates the
popuiation of these spores, which only compounds the problem of final spore
contamination levels in the finished miik powder.

F0007]in response to this problem the dairy industry has used a variety of different
tachnigues o try and limit the spore contamination in the finished milk powder. One of
the traditional techniques includss, Tor example, installing a dual feed pre-heating
system for the evaporator system and swilching the feed flow {o the second “clean”
feed preheat systermn after approximately 10 hours of operation when the biofilm

formed in the first preheat system has reached malturity. The first preheat systam is
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then “isolated” for the remainder of the 20-hour evaporator processing day and may be
independently cleaned in place (CIP) or with both feed preheat systems being CIP
cleaned with the evaporator at the end of the 20 hour day 1o remove the matured
biofilms and any other product fouling or residues.

f0008] Although this approach has been proven to reduce the thermophile and spore
contamination of milk powders produced when running the evaporator system
continuously for a 20-hour run, the 20-hours of continuous low spore operalion
remains a challenge that requires extraordinary discipling for everyday repeatability.
Furthermore, switching the dual feed praheating system can cause solid conceniration
upsels in the evaporator and cause the HTST system o divert, which can lead 1o
undesived disruption of the spray drver operalion. Also, it does not address the
problem of thermophile biofilms which form and continue o grow in the downstream
svaporator equipment, which adds o the contamination of the final milk powder with
both living thermophilic bacteria and spores. This downstream biofilm issus can be
partiaily mitigated by running the front end of the evaporstor at elevated temperalures
at which biofilm growth rates are reduced, but this does not entirely address the
problem.

{89091 in addition, this approach of operaling the evaporator system for 20 hours and
then CIP cleaning for 4 {o 5 hours requires the evaporator system and spray dryer (o
be offline up to 20% of every day, during which time the spray dryer is not producing
milk powder. Some facililies may have two or more evaperator sysiems feeding one
or more spray dryers to achieve nearly perpetual spray dryer operation, but this
requires significant capital investment in equipmesnt, and a significant periad of the
time a portion of the equipment will be sitling idle. Capital invesiment in equipment
that sits idle for extended periods of ime is an economically infeasible oplion for many
producers.

f0810] Furthermore, frequent starting and stopping of the spray dryer is undesired
because startup and shutdown can be complex and decreases efficiency. Instead, the
most desired and efficient manner of operation for a spray dryer is continuous
operation for pericds excesding, for example, several days or aven weeks.
Continuous operation of the spray dryer has become increasingly more coveled in

racent years as the demand for milk powders has surged worldwide, particularly in
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Asia. As a resull of the surge in demand, milk powder producers have been irying to
boost production capacily any way they can.

[0011]Some producers have allempted (o eliminate the 4-5 hour shutdown of the
spray dryer during the evaporator cleaning by sloring a volume of milk concenlrate in a
buffer tank between the evaporator and the spray drver. However, milk concentrate at
50% TS (i.e., typical spray dryer feed concentration) cannot be held in a buffer tank for
very long without age thickening of the concentrate if the milk is stored hot, or laclose
crystallization and geiling if the milk concenirate is stored cold. This problem becomes
exacerbated whan the milk product has been heat treated to a medium or high heat
specification. As a resull, this has not been found to be a praclical solution.

{00121 Another technigue tested for addressing the thermaophile and spore growth
problem was frequent shuldowns for CIP cleaning of the entire evaporator system, but
this still creates the issue of frequent starting and stopping of egquipment which is
particutarly impractical for the spray dryer and which causes a significant reduction in
net production time for the entire processing line.

10813} in ancther effort to maximize production, some milk powder producers partially
concede to the thermophile and spore growth by choosing to continue a production
run despite the likebhood of high thermophile and spore counts. In these sifuations
the producer may separate the milk powder produced earlier in the production run
from the milk powder produced later and then separately package and offer # for sale
as different quality.

[0814]in consideration of the aforementioned circumstances, and the shoricomings of
all the prior attempled solutions by thoss in the industry, the present disclosure
provides a new evaporator and heat treatment system and method for producing low
thermophile and low spore milk powders capable of continuous spray dryer operalion.
The method for producing low thermophile and low spore milk powders of the present
disclosure also applies successiully to more traditional 20 hour spray dryer milk
powder production cycles where only one (1) finisher evaporator and one (1) spray

diver fead system are avaliable to supply 50%TE concentrate feed {o the spray dryver.

SUMMARY

{0815} One aspect of the present disclosure is directed o a system for processing a

milk stream. The system may include a pre-evaporator configured to receive and
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concentrate the milk stream producing an intermediate concentration milk. The
system may also include a first buffer tank configured to receive the intermediats
concentration milk and store the intermediate concentrate milk at a reduced
temperature, The syslem may further include a first finisher evaporator configured o
draw the infermediate concentration milk from the first buffer tank and concentrate the
intermeadiate concentration milk producing a final concentration mitk. The final
concentration milk may be suilable for spray drying.

{0161 Ancther aspedct of the present disclosure is directed 1o a method of processing
a milk stream. The method may include concenirating the milk stream using a pre-
evaporator thereby producing an inlermediate concentration milk and directing the
intermediate concentration milk 1o a buffer tank. The method may also include cooling
and accumulating a holdup volume of intermediate concentration milk in the buffer
tank. The method may further include drawing and reheating the intermediate
concentration milk from the buffer tank and concentraling the reheated intermediate
concentration milk from the buffer tank using a finisher evaporator thereby producing a
final concentration milk.

(0017 Ancther aspect of the present disclosure is directed to a system for processing
a milk stream. The system may include a finisher evaporator. The finisher evaporator
may be configured o draw an intermediate concentration milk from a buffer tank. The
finisher evaporator may also be configured to concentrate the intermediate
concentration milk to produce a final concentration miltk and supply the final
concentration milik to a dryer feed system and a spray dryer. The intermediate
concentration milk may be supplied o the buffer tank by a pre-evaporator configured
to concentrate the milk stream, thereby producing the intermediate concentration mitk
The intermediate concentration milk may be accumulated and stored in the buffer tank
at a reduced temperature between aboul 35 °F to about 50 °F. The pre-evaporator,
the buffer tank, and the finisher evaporaior may be sized s that the buffer tank is
capable of accumulating a holdup volume of intermediate concentration milk sufficient
to enable the pre-evaporator (o be temporarily taken offline 10 be CiP cleangd during
which time the finisher evaporator continues producing final concentration milk by
drawing down the holdup volume.

{00181 Additional obiecls and advantages of the present disclosure will be set forth in

part in the description which follows, and in part will be obvicus from the description, or
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may be learned by practice of the present disclosure. The objscis and advantages of
the present disclosure will be realized and allained by means of the elements and
combinations particularly pointed out in the appended claims.

[8019]it is o be understood that bolh the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
rastrictive of the present disclosure as claimed.

[0020] The accompanying drawings, which are incorporated in and constitule a part of
this specification, illustrate several embodiments of the present disclosure and
together with the descriplion, serve to explain the principles of the pressnt disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[08211FIG. 1A s 3 plot llusirating the typical thermophilic bicfilm contamination for an
evaporator.

[00221FIG. 18 is a plot illustrating the typical magnifudinal development of fouling and
spore count in an svaporalor over hours of operation.

fO0231FIG. 2A 15 a flow diagram of a powder production system, according o an
axemplary embodiment.

[08241F1G. 2B is a flow diagram of the powder production system of FIG. 24, including
flustration of CIF cycles, according 1o an exemplary embodiment.

[0025]F1G. 3 is a flow chart of a method of operation, according o an exemplary
embodiment.

[00261FIG. 4 is a flow schematic of an evaporator systemn, according 1o an exemplary
embodiment.

[RO27IFIG. 5 is a chart illusirating a seguence of operation of a sysiem and method,
according 1o an exemplary embodiment.

[0028] Reference will now be made in detall to the present exemplary embodiments of
the present disclosure, examples of which are illustrated in the accompanying
drawings. Wherever possible, the same reference numbers will be used throughout

the drawings to refer to the same or like paris.

DETAILED DESCRIPTION

[00629] The present disclosure is described herein with reference to Hustrative

smbodiments for a particular application, such as, for example, production of low
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thermophile and low spore heat ireated milk products. i is undersiood that the
embodiments described hersin are not limited thereto. For example, the embodiments
described hergin may also be able to produce heat treated milk producis having a low
masophile count in addition 10 having a low thermophile and low spore count. Those
having ordinary skill in the art and access io the teachings provided hersin will
recognize additional modifications, applications, embodiments, and substitution of
equivalents that ali fall within the scope of the present disclosure. In some
embodiments, the present disclosure may be utilized for other products concentrated
by evaporation or evaporated and then spray dried 1o 2 powder, for exampie, soy milk,
almond milk, coconut millk, or any application of evaporation and spray drying where
spore and bacteria growth may be a concern. Accordingly, the present disclosure is
not limited by the foregoing or following descriptions.

F0830]1 The term “about” or "approximately” as used herein means within an acceptable
error range for the particular vaiue as determined by one of ordinary skill in the art,
which will depend in part on how the value is measured or determined, e.g., the
limitations of the measurementis system. For examiple, “about’ can mean within one or
more than one standard deviation per the practice in the art. Alternatively, “about” can
mean a range of up 1o 20%, such as up fo 10%, up to 5%, and up o 1% of a given
valie.

[00311 A systerm and method of producing low thermophile and low spore heat treated
milk powders capable of conlinucus spray dryer output, according to an exemplary
smbodiment, is described herein.

[0032]1F1G. 2A shows a flow diagram of a system 100 for processing milk for spray
drying, according o an exemplary embodiment. System 100 can comprise, among
other things, a pre-evaporalor system 110, a first bufler tank 121, a second buffer tank
122, a first finisher evaporator 131, a sscond finisher evaporator 132, a first dryer feed
system 141, a second dryer feed system 142, and a spray dryer 150.

[0033]As shown in FIG. 2A, system 100 can further comprise a heal trealment systern
160 configured to heat treat a milk stream 101 and discharge a heal treated milk
stream 101T. Heal treatment system 160 can be configured for indirect contact
heating, dirsct contact heating by direct infusion of sieam or saturated waler vapors, or
a combination of indirect contact and direct steamn or vapor infusion heating of milk

stream 101 up to a temperature of 250 °F. Heal treatment system 160 can be
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configured o perform varicus heat treatment methods producing various grades of
heat treated milk 1017, for example, medium heat, high heat, and high heat heat
stable milk. In some embodimenis, heal treament systermn 180 may be configured 1o
receive pasteurized or unpasteurized milk.

{0834 Pre-evaporator system 110 can be configured to receive milk stream 101 (e.g.,
whole milk or skim milk) or a heatl treated milk stream 1617 {s.g., haatl reated whole
milk or heat reated skim milk). MilK stream 101 and heal treated milk stream 1017
can range in concentration and temperature. For example, the total solids {(TS)
concentration for a whole milk stream, including a standardized whole milk stream can
range from bebween about 10% TS to about 15% TS, about 11% TS o about 14% TS,
about 12% TS to about 14% TS, about 12% TS to aboul 13.5% TS, about 125% T8
to about 13% TS, or about 12.5% 1o about 12.7% TS, The total solids (TS}
concentration for a skim milk stream, including a standardized skim mitk stream can
range Trom between aboul 6% T8 io aboul 12% TS, about 7% TS to about 11% TS,
about 8% TS fo about 10% TS, or be a conceniration of about 9% TS, Typically milk
concentrations are standardized in the US; however, non-standardized milk can have
higher or lower concentrations.

[0035] The temperature of milk stream 101 {e.g., whole milk or skim milk} can vary, for
exampile the temperaiure can range from between about 35 °F 1o about 45 °F, about
36 °F to about 44 °F, about 37 °F to about 43 °F, about 38 °F {o about 42 °F, about 38
“F 1o about 41 °F, or be a temperature of aboul 40 °F. In vet another example, the
temperature of heat treated milk stream 1017 can range from about 165 °F 1o about
185 °F (=.g., U.8. legal pastsurization range). In vet another embodiment, milk may
be supplied at about 120 °F o about 130 °F, for exampie, skim milk from a cream
separalor where the milk is unpasteurized. In yet another embodiment, mitk may be
supplied at about 50 °F fo about 80 °F from a cold cream separation process.

f0836] Pre-svaporator system 110 can be a mechanical vapor recompression (MVR)
evaporator system compriging one or more faliing film calandrias, one or more vapor
separators, and one or more turbofan assemblies. in other embodiments, pre-
evaporator system 110 can be an alternative evaporator system configuration (e.9., a
direct steam or thermal vapor recompression {(TVR) sieam heated evaporalor). In
some embodiments, pre-avaporator system 110 may also include a pastsurizer in-line

or integrated into the pra-evaporator system 110, In some embodiments, pre-
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evaporator system may also includs additional ancillary sguipment, for examiple, feed
heat exchangers configured to adjust the temperature of the incoming feed stream
depending on the type of milk stream 101 and/or the parameters of operations. s
noted that when referring to pre-evaporator system 110 herein, for some
embodiments, such reference may also include reference to a pasteurizer and other
ancillary equipment {&.g., fead heat exchangers) associated with the pre-evaporalor
systern 110.

{00371 Pre-evaporator system 110 can be configured 1o receive milk stream 101
and/or heat treated milk stream 1017, remove (8.9, evaporate) at least a portion of
the water {i.e., increasing the TS concentration), and discharge an intermediale
concentration milk stream 102, Infermediate conceniration milk siream 102 can range
in concentration. For example, a whole milk intermediale concentration, including a
standardized whols milk stream, milk stream 102 can range from about 30% TS {o
about 45% TS, about 32% TS 1o about 45% T8, about 34% TS to about 45% TS,
about 36% TS to about 45% T3, about 36% TS to about 42% TS, about 36% TS to
about 40% TE, about 30% T8 1o about 42% TS, about 32% T8 to about 42% T5,
about 34% T3 o about 42% T3, about 36% TS to about 42% TS orbe a
concentration of about 37% TS. A skim milk intermediate congcentration, including a
standardized skim milk strgam, milk stream 102, for sxample can range from about
30% TS fo about 42% T8, about 31% T8 to about 40% TS, about 32% TS o about
38% TS, about 33% TS to about 36% TS, or a conceniration of about 33% TS or
about 34% TS5, The temperature of intermediate conceniration milk stream 102
discharged from pre-evaparator system 110 can range, for example, from about 140
°F to about 160 °F, about 145 °F to about 155 °F, about 148 °F o about 161 "F or be
a lemperalure of about 150 °F.

[3038] As shown in FIG. 24, esystem 100 can comprise first buffer tank 121 and second
buffer tank 122. First buffer tank 121 and second buffer tank 122 can be of the same
volume or different volumes. System 100 can be configured such that during normal
operation, first buffer tank 121 or second buffer tank 122 is online. In other
smbodiments, system 100 can be configured such that both buffer tanks 121/122 are
online at certain periods {&.g., during transitions, switch overs, startup, or shuidown).
As utllized herein, firet buffer tank 121 and second buffer lank 122 may be any suitable

storage type container {e.g., fank, vessel, silo, or the like).

-O-



CA 02965146 2017-04-19

WO 2016/069537 PCT/US2015/057476

{00397 As shown in FIG. 2A, system 100 can be configured such that intermediate
conceniration milk stream 102 can be supplied fo first buffer tank 121 and/or second
buffer tank 122. The piping and valves between pre-evaporator system 110 and first
buffer tank 121 and second buffer tank 122 can be configured o control the flow of
intermediate concentration milk stream 102 and direct it {o whichever buffer fank
121122 or tanks that may be online.  First buffer tank 121 and second buffer tank 122
can be configured to agitate intermediate concentration milk stream 102 within the
tanks. System 100 can further comprise heatl exchangers (not shown) configured o
cool the temperaturs of intermediate concentration milk stream 102 received by first
huffer tank 121 and second buffer tank 122. The temperature of intermediale
concentration milk stream 102 can be cooled to, Tor example, a range of about 35 °F
to about 50 °F, about 40 °F {o about 48 °F, about 42 °F o about 46 °F, orbe a
temperature of about 45 °F. Codling the intermediate concentration milk can limit or
prevent microbiological activity.

[006407 A= shown in FIG. 24, first buffer tank 121 and second buffer fank 122 can be
configured 1o supply inlermediate conceniration milk stream 102 to either first finisher
evaporaior 131 or second finisher evaporator 132, First finisher evaporator 131 and
second finisher evaporator 132 can have the same evaporatlion capacity or have
different evaporation capacities. Intermediate conceniration milk siream 102 lsaving
first buffer tank 121 or second buffer tank 122 can be heated by passing it through a
heat exchanger (nol shown) which regeneratively transfers heat from intermediate
concentration milk stream 102 discharged from pre-evaporator system 110 1o
intermediate concentration milk stream 102 discharged from first buffer tank 121 or
second buffer tank 122, In other embodiments, additional heat exchangers (not
shown} can be used io further heatl infermeadiale concentration milk stream 102 before
entering first finisher evaporator 131 and second finisher evaporator 132,

[0841] First finisher svaporator 131 and second finisher evaporator 132 can each
comprise a MVR evaporator system. First finisher evaporator 131 can comprise a
failing film calandria, a vapor separator, and a iurbofan assembiy. Second finisher
svaporaior 132 can also comprise a falling film calandria, a vapor separator, and a
turbofan assembly. In other embodiments, first finisher evaporator 131 and second
finisher evaporator 132 can be an altermative svaporator system configuration (8.q., a

direct steam heated evaporator or TVR steam heated evaporator system).
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[0042] First finisher evaporator 131 and second finisher evaporator 132 can each be
configured {o recelve intermediate concentration milk stream 102 and remove {e.q.,
avaporate} g portion of the water {i.e., increasing the TS concentration), and discharge
a Tinal concentration milk stream 103, The final concentration of final concentration
milk stream 103 for whole milk and skim milk, including standardized, can rangs in
concentration from, for example, about 40% TS 1o about 65% TS, about 45% TS o
about 55% TS, about 48% TS o about 54% T3, about 47% T8 to about 53% TS,
about 45% TS to about 52% TS, about 49% TS to about 51% T8, orbe a
concentration of about 50% TS. Final concentration milk stream 103 may be
concentrated such that it is sultable for spray drying

[0043] System 100 can be configured such thai during normal operation, first finisher
avaporator 131 or second finisher evaporator 132 is online. In some embodiments,
system 100 can be configured such that, both first finisher evaporator 131 and second
finisher evaporator 132 are online during certain periods (8.g., during transitions or
switch overs). First finisher evaporator 131 and second finisher evaporator 132 can
be substantially the same design and evaporation capacity,

{00447 As shown in FIG. 2A, first finisher svaporator 131 and second finisher
aevaporator 132 can each be configured 1o supply final concentration milk stream 103
to either first dryer feed system 141 or second dryer feed system 142, First dryer feed
system 141 and second dryer feed system 142 can be configured to supply final
concentration milk stream 103 o spray dryer 150.

[0045]System 100 can be configured such that during operation, first drver feed
system 141 or sscond dryer feed system 142 is always oniine. In some embodiments,
sysiem 100 can be configured such that, both first dryer feed system 141 and second
dryer feed system 142 are online during certain periods {e.g., during transitions, switch
overs, stariup, or shutdown). Therefore, system 100 can be configured such that
sither first dryer fead systern 141 or second drver fesd system 142 can be suppiying
final concentration milk 103 fo spray dryer 150 continuously during operation,

{00461 As described above, afier about 10 hours of operation without cleaning the
thermophile and spore count in an evaporalor, pasteurizer, or preheater {e.g., pre-
evaporalior system 110), can increase rapidly as mature bicfiims begin releasing
thermophiles and spores. Therefore, it is preferred to shut down pre-svaporator

system 110 and heat treatment system 160, including any other ancillary squipment
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{e.9., pre-heaters and pasteurizer) that handles the milk stream, after 10 hours and
perform a clean in place (CIF), which can remove most or all the biofilm from pre-
evaporaior system 110 and therefore restarts the formation and growth cycle of the
biofilm during which time the release of thermophiles and spores from the biofilms is
negligibie, when production is restarted with a clean pre-evaporator system 110
However, as described above, continuous operation of spray dryer 150 is covetad.
Therefore, system 100, as described herein according 10 an exemplary embodiment,
can be configured o continue feading final concentration milk 103 to spray dryer 150
while pre-evaporator system 116 is {aken offline for a CIP cleaning. When heat
treatment system 160 is feeding pre-evaporator system 110, heat treatment system
1680 may also be taken offline for a CIP cleaning simultaneously with pre-evaporator
system 110. Some of the features of system 100, which can enable the continuous
spray drver feed operation, are described below in dstail.

[0047] According 1o an exemplary embodiment, pre-evaporator system 110 can be
sized such that its production discharge capacity of intermadiate concentration milk
102 is greater than the production feed capacily of either first finisher evaporator 131
or second finisher evaporater 132, Therefore, during operation when pre-evaporator
system 110 is processing milk stream 101 or heat treated milk stream 1017 and
discharging intermediate concentration milk 102, the voiume of intermediatle
concentration milk 102 in whichever buffer tank {i.e., first buffer tank 121 or second
buffer tank 122} is online can be increased. This situation may arise because
whichever finisher evaporator {i.e., first finisher evaporator 131 or second finisher
evaporator 132) is online will be drawing less intermediate concentration milk 102 from
the online buffer tank than is being fed from pre-evaporator system 110, Thus, during
operation the surplus of inlermediate concentralion milk 102 supplied to the online
buffer tank (i.e., first buffer fank 121 or second buffer tank 122) can be collected to
create a holdup volume,

[0048] As discussed above, milk concentrate at about 45% to about 50% T8 cannot be
held in a buffer tank for very long without age thickening of the concenirate when held
at a hot lemperature or lactose crystallization when held at a cold temperature and this
problem becomes exacerbated when the milk product has been heat treated o a
medium or high heat spedification. However, according to the present embodiment,

as described herein, intermadiate concentration milk 102 can be stored at a lower
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concentration rangs, at a reduced temperature {8.g., 40 °F}, and in an agitaled tank,
which enables storage for hours or days without the risk of age thickening, laclose
crystallization or re-inftiation of microbiclogical aclivity. The lower concentration range
may be for example, a range of about 30% TS to about 42% TS, about 32% TS to
about 42% TS, about 34% TS to about 42% T3, about 36% TS {o about 42% TS
abeout 30% TS to about 40% TS, about 32% T8 to about 40% T8, about 34% TS to
about 40% T3, about 38% TS o about 40% T3, about 36% TS fo about 38% T3,
about 36% TS to about 38% TS, or be a concentration of about 37% TS,

{00487 According to an exemplary embodiment, the production dischargs capacity of
pre-evaporator sysiem 110 can be, for example, about 120% of the production feed
capacity of the online finisher evaporator {L.e., first finisher evaporator 131 or second
finisher evaporator 132}, Thereforeg, afier about 5 hours the holdup volume in the
online buffer tank can be substantially equal to 1 hour of production capacity of the
online finisher svaporator or after about 10 hours the holdup volume in the online
buffer tank can be substantially equal 1o 2 hours of production capacity of the online
finisher evaporator. In other embodiments, the production discharge capacity of pre-
evaporaior system 110 compared {0 the production feed capacily of the online finisher
evaporator can vary, for example, capacity can be about 105%, about 110%, about
115%, about 125%, about 1358%, or more. Pre-evaporator system 110 may alsc be
controlied such that the production discharge capacily of pre-evaporator system 110
may be egual {0 or less than the production feed capacity of the onling finisher
svaporator. Such control of the production capacity of each evaporator can enablg
precise conirol over the holdup volume.

{08507 According to an exemplary embodiment, after 10 hours of production, when the
holdup volume in the online buffer tank is about equal 10 2 hours of production
capacity of the ondine finisher evaporator then pre-evaporator syslem 110 can be
taken offline for CIP cleaning. Pre-evaporator system 110 can be configured such that
a compiele (e.g., product-to-product) CIP dleaning cycle takes 2 hours or less.
System 100 can be configured {o fake offline heat treatment system 160 for CiP
cleaning at the same times as pre-gvaporator systerm 110, Although taken offline at
the same time for cleaning, system 100 can be configured such that CIP for pre-
evaporator system 110 can be separate from heat treatment system 160. By cleaning

each system 100 components separately the time needed for CIP can be reduced.
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For example, pre-evaporator sysiem 110 and heatl treatment system 160 can sach be
configured such that CiF takes 2 hour or less fo perform.

108511 CIP cleaning cycles for the various components of system 100 can be generally
similar, but the specilic chemicals, concentrations, lemperature steps, and duration of
each step can vary based on the component. For example, a CHF can comprise a
product flush, a water rinse, a caustic flush, an acid flush and additional watsr and
caustic flushes.

{00521 While pre-evaporator system 110 and heat treatment sysiem 160 may be offline
for cleaning, whichever finisher evaporator 131/132 may be online can draw down the
holdup volume in the online buffer tank. As described above, the holdup volume can
be sufficient to enable the onling finisher evaporator {0 continue processing for al least
as iong as is needed o CIP and restart pre-evaporator system 110 {e.g., 2 hours).
F0853] After completing the CIP of pre-evaporator system 110, pre-evaporator system
110 can be brought back online and be configured to start feeding the buffer tank that
had previously been offline and the finisher evaporator that had previously been offline
can also be brought online. Bringing the dean buffer tank and clean finisher
evaporator online can then allow the other (L.e., dirty) buffer tank and finisher
avaporator to be taken offling and cleaned. Similar to pre-evaporator sysiem 110, the
cleaning of the dirty buffer tank and dirty finisher evaporator can be configured to take
2 hours or less. The dirty buffer tank and dirty finisher may also be cleaned for longer
than 2 hours while the other finisher evaporator is in operation, which may be
beneficial or desired to remove heavy fouling. After the completion of CIP, the clean
buffer tank and clean finisher evaporator can wall in standby untll they are next
brought online.

00541716, 2B shows a flow diagram of system 100 same as in FIG. 2A and additional
CiP cycles paramsters (e.g., duration and frequency) for the different components,
according to an exemplary embodiment. It is contemplaled that the duration and
frequency are approximations and that actual time may vary. In addition, it is also
coniemplated that for other embodiments these CIF durations and freguencies may be
adjusted based on variation in desired operation.

[0855]) Therefore, system 100, according to an exemplary embodiment can be
configured such that without shutling down spray dryer 150, pre-evaporator system

110 and heat treatment system 160 can be taken offline for CIP cleaning at least once
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aevery 10 hours, first buffer tank 121 and second buffer tank 122 can be taken offline
for CIP cleaning al least once every 12 hours, and first finisher evaporator 131 and
second finisher evaporator 132 can be taken offline for CIP dleaning at least once
avery 12 hours.

[0056] First dryer feed sysiem 141 and second dryer feed system 142 can be
configured o allernale being online, for example, every 6 hours, every 12 hours, or
every 24 hours. YWhichever dryer feed syslem is offiine can be dleaned enabiing
cleaning of sach drver feed system at least once every 24 hours of operation.
Cleaning of each dryer feed systermn 141/142 can be configured to take 2 hours or less.
Due to the location of drver Teed systems 141/142 in system 100 and the
aenvironmental conditions, the biofilm growth in the dryer feed systems is likely 10 be
much less than that demonstrated in the upstream and therefore the dryer feed
systems can undergo a CIP just once every 24 hours. In other embodiments, the
frequency of CIP cleaning for dryer feed systems 141142 ¢an be greater than 24, for
example 30 hours, 36 hours, 42 hours, etc,

10057 System 100 can be configured such that sprayer dryer 180 ¢an receive final
concentration milk 163 continuously for at least 24 hours. For example, spray dryer
150 can operate continuously for about 1 {0 about 2 days, about 2 to about 3 days,
about 3 to about 4 days, about 4 to about 5 days, about 5 10 about 6 days, about 6 o
about 7 days, about 1 to about 2 weeks, about 2 to about 3 wesks, about 3 to about 4
weaeks, about 1 fo aboul 2 months, about 2 to about 3 months, or more before spray
drver 150 may nead 10 be taken offiineg for CIP cleaning.

[0858] As discussed herein, the presence and growth of thermophile biofilms and
spores within the milk streams (e, 101, 102, and 103) is a constant concern. As
highlighied above, thermophile and spore populations begin increasing exponentially
within about 10 to 12 hours of starting operation with a ¢lean evaporator sysiem.
Thus, system 100 can be well suited for limiting the exponential growth of thermophile
and spores because pre-evaporator systemn 110, heal realment system 160, buffer
fanks 121/122, and finisher evaporators 131/132 are cleaned {i.e., CiP) at leasi once
every 12 hours. Therefore, thermophile biolllm can be removed {i.e, by CIP cleaning)
from the feed inlet to the initial evaporator preheating system including an ancillary

equipment {e.q., pre-healers and pastsurizer) all the way downsiream 1o the finisher
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svaporator at the time {.e., 10 {0 12 hours) when the biofilny is maturing, beginning to
release contaminants into the milk, and grow exponentially.

[0058] According to an exemplary embodiment, sysiem 100 can also be configured
such that spray dryer 150 can be 15% to 20% smaller compared to a traditional milk
powder production systenm that operates on a cycle of 20 hours online and 4 hours
cleaning per day because spray dryer 150 can operate 24 hours per day.
Alternatively, by operating 24 hours per day system 100 can produce about 20% more
milik powder than an equivalent size spray dryer that operales on the traditional 20
hours online and 4 hours cleaning cydls.

(30801 System 100 as described herein can be used to perform a method 200 of
processing a milk stream {e.q., 101 or 1017} for spray drying. According 1o an
exemplary embodiment, method 200 can comprise steps 202, 204, 2086, and 208 as
shown in the flow chart of FIG. 3. Step 202 can comprise concentrating the milk {e.g.,
101 or 1017} o an intermediate concenitration using at least one pre-svaporator (8.G.,
1103 Step 204 can comprise accumulating and cooling a holdup volume of
intermediate concentration milk {(&.g., 102} in at least one buffer (e.g., 121 or 122).
Step 206 can comprise concentrating the intermediate concentration milk {(e.g., 102} to
a final concentration milk {e.g., 103) using al least one finisher evaporator {e.g., 131 or
132). As shown in FIG. 3, method 200 can further comprise step 208, which ¢can
comprise feeding the final concentration mik {g.g., 103) through at least one dryer
feed system (.g., 141 or 142) 10 a spray dryver {e.g.. 150).

[0061TMethod 200 as described hersin can be performed where the at least one
buffer tank comprises first buffer tank 121 and second buffer tank 122 and the at least
one finish evaporator comprises first finisher evaporator 131 and second finisher
evaporator 132. Method 200 can further comprise feeding intermediale concentration
milk 102 from pre-avaporalor system 110 o either first buffer tank 121 or second
buffer tank 122 and intermediate concentration milk 102 from first buffer tank 121 or
second buffer tank 122 can be supplied o sither first finisher evaporator 131 or
second finisher evaporator 132, Method 200 al step 204 can comprise cooling
intermediate concentration milk 102 {0 for example, a range of about 40 °F 1o about 50
°F, about 42 °F o about 48 °F, about 44 °F 1o aboui 48 °F or be a temperalure of
about 45 °F. Method 200 can further comyprise agitating intermediale concentration

mitk 102 in atleast one buffer tank {e.g., 121 or 122). In some embodiments, agitating
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of the intermediate conceniration milk 102 may be done via an impslierora
recirculation Inop configured to mix the buffer tank.

[0082] According to an exemplary embodiment, method 200 can further comprise
shutling down preg-evaporator systermn 110, heat treatment syster 160, and any
additional anciliary equipment {8.q., pre-hsalers and pasteurizer) for cleaning (CIP)
while at least one finisher evaporator {e.g., 131 or 132) continues operating and
drawing down the holdup volume in al least one buffer tank (e.g., 121 or 122). By
accumulating a holdup volume in at least oneg buffer tank, one finisher evaporator can
continue {o operate producing final concentration milk 103 while pre-evaporator
system 110 and heat trealment system 160 may be undergoing a CiP cleaning.
Therefore, method 200 can further comprise operating spray drver 150 continuously
for longer than 20 hours.

[08631Method 200 can further comprise cleaning pre-evaporator system 110 and
heat treatment system 160 {i.e., when utilized), at least once every 10 hours, first
buffer tank 121 and second buffer tank 122 at least once every 12 hours, and first
finisher evaporator 131 and second finisher evaporator 132 &t least onoce svery 12
hours. As described herein, cleaning pre-evaporator system 110, heat reatment
system 160, buffer tanks 121/122, and finisher evaporators 131/132 atleast once
avery 12 hours can prevent or limit the likelihood of explosive grown of the thermophiis
and spores because the biofilm is removed before the detachment period ever fakes
off. Therefore, the thermophile and spore count in the milk powder can be low while
stiil operating spray dryer 150 continuousiy.

[8884] The concentration of thermophiie and spore in milk or milk powder may be
gquantified in colony forming units. For milk i may be quantified as colony forming
units per miliiliter {cfu/miy and for milk powder it may be guantified as colony forming
units per gram {cfu/g). According to an exemplary embodiment, system 100 may be
configured o produce final concentration miik 103 having less than or equal to about
50 colony forming units per milliliter {cfu/mi}) when the milk feed stream {l.e., 101 or
1017) has a count of less than equal fo about 5 cfu/iml. A cfu count of the milk powder
may correspond to or be dependent on a cfu count of final concentration milk 103, For
example, final concentration milk 103 having a count of about 50 cfu/ml or less may
result in system 100 producing milk powder having a count of about 100 ofu/mi or

greater as a result of the 2X concentration from about 50% TS {o about 96.5% TS.
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{00851 1t is noted, the thermophile and spore count in final concentration mitk 103 may
be dependent on the quality of the incoming milk feed. For example, system 100 may
be configured 1o produce final concentration milk 103 having a ¢fu count, which is
about 10 times (Le., 10X} a cfu count of the incoming milk feed. In some
embodiments, final concentration milk 103 may be less than, for example, about 100
cfu/mi, about 150 cfu/mi, about 200 cfu/mi, or about 300 cfu/mil. There are varieties of
ways to test and determine a cfu counter, for example, the Thermophilic Spore Test
NEN 6809 or Standard Methods of the Examination of Dairy Product (SMEDP 8.080).
[00886] Continuous operation of spray drver 150 can comprise, for example, operating
continuously for at least about 2 days, about 3 days, about 4 days, about & days,
about 6 days, aboul 7 days, about 2 weeks, about 3 weeks, about 4 weeks, aboui 1
month to about 2 months, about 2 months to about 3 months, or more.

{0067 Method 200 as described herein ¢an be performed such that first finisher
gvaporator 131 or second finisher evaporator 132 continuously produce final
concentration milk 103 and supply it to at least ong dryer feed system (2.g., 141 or
142). Method 200 can further comprise taking offfine and ¢leaning the atleasti one
drver feed system periodically, for example, at least once every 12 hours, 24 hours, 30
hours, 36 hours, 42 hours, or more.

{00681 As discussed hersin, it is not desired io make a significant capital invesiment in
a piece of equipment {e.g., a2 second primary evaporator) that will sit idle in standby for
significant periods of the time. However, in the case of systern 100, pre-evaporator
systam 110 can be the primary evaporator, consiituting the largest capital investment
of any of the evaporaltor components, and as described above, pre-svaporator sysiem
110 can be operating 20 out of every 24 hours in a day. While the first finisher
evaporaior 131 and second finisher evaporator 132 can be secondary evaporalors
that constitule a significantly smaller investment s0 having one sitidle in standby
about half the time Is more readily justified and economically practical given that it can
enable confinuous operation of spray dryer 150, another component that constitutes a
significant capital invesiment. In other words, system 100, according 1o an exemplary
smbodiment can ulilize dual systems (e.g., buffer tanks 121/122, finisher evaporators
131/132, and dryer feed systems 141/142) for those componenis comprising the
smailest capital investment while maximizing operation of the components comprising

the largest capital invesiment.
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{00891 in ancother embodiment, system 100 may be configured such that the dual
system components (e.g., second buffer tank 122, second finisher svaporator 132,
and second dryer feed system 142) may not be utilized and instead just one of each
sysiem component may be operated. Eliminating the dual aspect of system 100 can
further reduce the capital cost. FIG. 4 shows a flow diagram of a system 408, which
may represent system 100 without the dual system components. System 400 may
comprise a pre-evaporator sysiem 110, a first buffer tank 121, a first finisher
evaporator 131, a first dryer feed system 141, and a spray dryer 150, The function of
sach compongnt may be the same as describad herein with regard o system 100.
[00781For system 400 as Tor system 100, pre-evaporator system 110 can be sized
such that its production discharge capacity of intermediate concentration milk 102 is
greater than the production capacity of first finisher gvaporator 131, As a result,
during operation when pre-evaporator system 110 is processing milk stream 101 or
heat freated milk stream 1017 and discharging intermediate concentration milk 102,
the volume of intermediate concentration milk 102 in first buffer tank 121 can increase.
This situation may arise because first finisher evaporator 131 will draw less
intermediate concentration milk 102 from the online buffer tank than is being fed to the
online buffer tank from pre~evaporator system 110, Thus, during operation the surplus
of infermediate concentration milk 102 supplied to the first buffer tank 121 can be
collected fo create a holdup volume.

[0071] According to an exemplary embodiment, the production dischargs capacity of
pre-gvaporator system 110 can be, for example, about 120% of the production feed
capacity of first finisher evaporator 131, Therefors, after about 5 hours the holdup
volume in first buffer tank 121 can be substantially equal to 1 hour of produdction
capacity of first finisher evaporator 131 or after about 10 hours the holdup volume in
the online buffer tank can be substantially sgual to 2 hours of production capacity of
first finisher evaporator 131,

f0072] Systern 400 may be operated such that pre-evaporalor systern 110 may start
prior to the start of first finisher evaporator 131 so thatl intermediate conceniration milk
102 begins accumulating the holdup volume in first buffer tank 121, Accumulation of a
holdup volume may continus until the holdup volume reaches the capacity of first
buffer tank 121 at which time first finisher evaporator 131 may be started along with

first dryer feed sysiem 141 and spraver dryer 150, in this scenario the rate of
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production of pre-evaporator system 110 may be conirolled such that it is sgual to or
less than the production capacity of first finisher evaporator 131, otherwise the holdup
volume would conlinue 1o rise and exceed the capacity of first buifer tank 121.

[8873] Another option may be {o start first finisher evaporalor 131, first drver feed
system 141, and spray dryer 150 prior {0 reaching capacity in first buffer tank 121. For
sxampile, pre-evaporator system 110 may be started 2 hours prior {0 the other
components. After the first 2 hours, first finisher evaporator 131 along with first dryer
feed system 141 and spray dryer 150 may be started. All the systems may operate
together for 8 hours and if pre-evaporator system 110 is operaling at, for example,
120% of the capacily of first finisher evaporator 131, and the holdup volume of first
buffer tank 121 has been properly sized, then the holdup volume in first buffer tank
121 will be sgual 1o four hours of production time Tor first finisher evaporator 131
based on the last 8 hours of operation in addition to the surplus built up in the first 2
hours of operation.

{08741 By utilizing the 4 hours of holdup volume, pre-evaporator system 110 may be
shut down and CIP deaned. Cleaning maybe completed in 2 hours or up 10 4 hours
may be utiiized. Following cleaning, pre-evaporator system 110 may be restarted and
all the componenis of sysiem 400 may continue operating Tor an additional 10 1o 12
hours at which time pre-gvaporaior system 110 may be shut down and CIP ¢leaned.
First finisher evaporator 131 may continue running for several more hours {e.g., 210 4
hours) by drawing down the holdup volume in first buffer tank 121, Ultilizing this
sequence of operations spray dryver 150 can run continuously for about 24 hours while
the pre-evaporator system may be cleaned at least once every 10 hours. The first
buffer tank 121, the first finisher evaporator 131, and the first dryer feed system 141
will run in conjunclion with the spray dryer 150, continuousty for about 24 hours, In
some embodiments, first buffer tank 121, first finisher evaporator 131, and first dryer
feed system 141 may run up to 36 hours or more, for example, up o the U.S.
Pastaurized Milk Ordinance (PMQO) limit. Due 1o the location of these systems {ie.,
being downsiream of pre-evaporator system 110) and the environmeantal conditions,
the biofilm grown is likely to be much less than that demonstrated in the upstream pre-
evaporalior system 110 and therefors these components may undergo a CIF cleaning

just once about every 24 hours or more (e.g., up to the PMO limit).
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{0075} Other sequences of operations for system 400 are possibie. For example, pre-
evaporator system 110 may be started along with first finisher evaporator 131, first
dryer feed sysiem 141, and spray drver 150 and a holdup volume may be
accumulated during the course of operation. Subseguently, pre-svaporator system
110 may be shut down and CIP deaned for 2 hours after 10 to 12 hours of operation.
Following the cleaning pre-evaporator systemn 110 may be restarted and operated for
another 10 to 12 hours after which the holdup volume may be drawn down for
additional few hours (8.9., 2 hours) bring the total operational tme of spray dryer 150
to 24 hours or more (8.¢., up o the PMO limit).

[0078] System 400 may be configured such that spray dryer 150 may operale
continuously for at least 24 hours while pre-evaporator system 110 may be cleaned
avery 10 hours. System 400 may be advaniageous because only ong pre-svaporator
system is utilized where in a system that swaps from one evaporator to another after
10-12 hours of operation, two full size evaporators are required, which constitule
significant capital investmenis. Two full size evaporators may be particularly
undesired because one of them may be idle Tor 50% of the time less the time for iis
CIP cleaning.

(897711 is contemplated that systen 100, system 400, and or similar embodiments
may be assembied with ali new equipment or in some embodiments, the systems may
be assembled utilizing one or more pieces of new and one or more pieces of existing
equipment. For exampile, in some embodiments existing equipment or systems may
be refrofited and reconnected in an arrangement as described herein 10 operate in
accordance with the methods as described herein.

[0G781FIG. 5 includes a ¢hart 500 that ilustrates examples of the operating capabiiity
of system 100 and method 200, according to an exemplary embodiment. Chart 500
lists the major system components of system 100 down the left column, which can
inciude heal treatment sysiem 180, pre-evaporator system 110, first buffer tank 121,
second buffer tank 122, first finisher evaporator 131, second finisher evaporator 132,
firat dryer Teed system 141, second dryver feed system 142, and spray dryer 150, The
columns extending to the right of the system component column indicate the status of
each component of system 100 over the course of two continuocus days of system 100
operation. Chart 500 assumes that at the slart of the two days (i.e., 0 hour) all the

system components are clean. “On” indicales that component is onling and operating
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with product, “Off" indicates that system is offline and is clean, and "CIP”" indicates that
component is offline and cleaning. In the intersst of simplicity, chart 500 does not
account for transition periods where sysiem components will be ramping up and
ramping down to come onling and offline. For example, in actual operation during
tfransition periods both buffer tanks, both finisher evaporators, and both dryer feed
systems may be online simultansously for a short period as required o perform a
searmless fransition in which production can continue uninterrupted.

[88731As shown in Chart 500, for the first ten hours {i.e., 0 1o 10) pre-evaporator
system 110, heat reatment system 180, first buffer tank 121, first finisher evaporator
131, first dryer feed system 141, and spray dryer 150 can all be on. In other
ambodiments, second buffer tank 122 could be on in place of first buffer tank 121,
second finisher evaporator 132 could be online in place of first finisher evaporaior 134,
and sscond dryer feed system could be online in place of first drver feed system 141,
After ton hours, heat trealment system 160 and pre~evaporator system 110 can be
taken offline for cleaning (CIP) while the remaining system components are
unaffected. Alter two additional hours, and the completion of GiP for heat trealment
systemn 180 and pre-evaporator system 110, both sysiems can be brought back on
and processing can switch o the other buffer tank and finisher evaporator that had
been off. By swilching the buffer tank and the finisher svaporator the previously online
buffer tank and finisher can be cleaned (CIF). Once cleaned these systems can be
left off until the next switch bebween the buffer tanks and the finisher evaporators.
[00808]Chart 500 Hlustrates just one possible sequence of operations for a 48 houwr
product cycle utilizing system 100 and method 200. According to an exemplary
embodiment, the operation capability of system 100 and method 200 can be varied in
numerous ways. For example, the period in between CIP for the heal trealment
system 160, pre~-evaporator system 110, buffer tanks 121/122, finisher evaporators
131132, and dryer feed systems 141/142 can be increased or decreased. For
example, the period in betwsen CiP for the heat reatment system 160 and pre-
evaporator system 110 can be reduced to about 8 hours, 8 hours, 7 hours, & hours, 5
hours or increased to 11 hours, 12 hours, 13 hours, 14 hours, or 15 hours. Similarly,
the period in between CIF for buffer tanks 121/122, and finisher evaporators 131/132
can be, for example, reducsd (o about 11 hours, 10 hours, 8 hours, 8 hours, 7 hours or

increased {o about 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, or more up o
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the PMO limit. The pericd in betwesn CIP for dryver feed systems 141/142 can be, for
example, reduced to about 20 hours, 18 hours, 16 hours, 14 hours, 12 hours, or
increased {0 about 26 hours, 28 hours, 30 hours, 38 hours or the PMO limit,

{3881} in addition, the duration of CIPF for the heat treatment system 160, pre-
evaporator system 110, buffer tanks 121/122, finisher evaporators 131/132, and dryer
feed systems 141/142 ¢an be increassd or decreased. For example, CIP could be
increased o about 2.5 hours, about 3 hours, about 3.5 hours, about 4 hours or
decreasad o about about 1.75 hours, about 1.5 hours, about 1.25 hours, or about 1.0
hour.

[8082]System 100 and method 200, according to an exemplary embodiment, can be
tailored 1o a 24 hour shift schedule gnabling shift symmelry, as iustrated in FIG. 5,
Shift symmetry of production cydles can be advantageous for many reasons. For
sxample, shift symmetry can enable the same opserator to consistently perform the
same tasks increasing the efficiency and guality of the work performed.

[0083] According to various embodiments, system 100 can further comprise a variety
of different pumps, heat exchangers, and other interconnecting piping and
components. For example, centrifugal pumps, rotary lobe pumps, metering pumps,
vacuum pumps, diaphragm pumps, piston iype pumps, and the like. The heat
exchangers can comprise plate and frame, tube and shell, and the like. For exampls,
a plurality of tube and sheli liquid to Hguid heat exchangers as described in co-
assigned U.5. Palent Applicalion No. 14/208136 can be utilized by system 100.
[0084]in other smbodiments, system 100 can further comprisg a product recoveary
sysiem and a cleaning (CIF} system or system configured to clean the different
components of system 100, as described herein. System 100 ¢an further comprise a
CIP reclaim system configured to reclaim a portion of the chemical and waler used
from a CIP gydle for later use.

[O885] System 100, according 1o various emboediments, can comprise a plurality of
instrumentis {e.g., temperature transmitters, pressure fransmitlers, mass flow melers,
volumetric flow meters, and the like) and a plurality of leak proof valves (a.g., ball
valves, butterfly valves, control valves, pressure relief valves, and the like). The
plurality of instruments and valves can be used o control the flow rate, temperature,
concentration, holdup velume, lecation of the milk and other liguids and gases within

system 100 as well as the liquids and gases entering and exiting system 100,
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[0086] System 100 can further comprise a control system configured 1o interface with
the pluraiity of instruments, plurality of valves, plurality of pumps and molors to
operale system 160, The conirol sysiem can include a computer, programmable logic
controlier (PLC), or the like that can be programmed to control system 100 manually,
automatically, or a combination of both. The control system for system 100 can be
configured o integrate with other produdction systems upstream of systermn 100 and
downstream of systern 100,

{00871 Although, system 100 and method 200 were described herein in relation to milk
powder production, the present disclosure is not limited thereto. Instead, itis
conternplated that the embodiments described herein can be implemented in a variety
of other dairy procassing operations including the spray drying of other dairy products,
and in a variety of other non-diary product applications where concentration by
evaperation or evaporation and then spray drying to 2 powder is utilized and where
spore and bacleria growth may be a concem.

{00881 Other embodiments of the present disclosure will be apparent to those skilled in
the art from consideration of the specification and practice of the present disclosure
disclosed herein. itis intended that the specification and examples be considered as
aexemplary only, with a trus scope and spirit of the present disclosure being indicated
by the following claims.
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WHAT IS CLAIMED IS:

1. A system for processing a milk stream, comprising:

a pre-evaporator configured to receive and concentrate the milk stream

producing an intermediate concentration milk;

a first buffer tank configured to receive the intermediate concentration milk

and store the intermediate concentrate milk at a reduced temperature; and

a first finisher evaporator configured to draw the intermediate
concentration milk from the first buffer tank and concentrate the intermediate

concentration milk producing a final concentration milk;

wherein the final concentration milk is suitable for spray drying.

2. The system of claim 1, wherein the final concentration milk has a colony
forming units (cfu) value of 50 cfu per milliliter (cfu/ml) or less when the milk stream

received by the pre-evaporator has a cfu value of 5 cfu/ml or less.

3. The system of claim 1, wherein the milk stream received by the pre-
evaporator is whole milk or standardized whole milk having a total solids (TS)
concentration between about 12% TS to about 14% TS, the intermediate concentration
milk produced by the pre-evaporator has a concentration between about 30% TS to
about 42% TS, and the final concentration milk produced by the first finisher evaporator

has a concentration between about 40% TS to about 65% T8S.

4. The system of claim 1, wherein the milk stream received by the pre-
evaporator is skim milk or standardized skim milk having a concentration between about
8% TS to about 10% TS, the intermediate concentration milk produced by the pre-
evaporator has a concentration between about 30% TS to about 42% TS, and the final
concentration milk produced by the first finisher evaporator has a concentration
between about 40% TS to about 65% TS.

-5 .
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. The system of claim 1, wherein the reduced temperature at which the
intermediate concentration milk in the first buffer tank is stored is between about 35 °F
to about 50 °F.

6. The system of claim 1, wherein the pre-evaporator is sized to produce the
intermediate concentration milk at a rate greater than a rate at which the first finisher
evaporator can draw and produce final concentration milk from the intermediate
concentration milk, therefore enabling accumulation of a holdup volume of the
intermediate concentration milk in the first buffer tank, wherein the holdup volume is
sufficient to enable continued operation of the first finisher evaporator while the pre-

evaporator is CIP cleaned.

7. The system of claim 6, wherein the system is configured so that the pre-
evaporator is CIP cleaned at least once every about 10 to about 12 hours during

operation of the system.

8. The system of claim 6, further comprising a heat treatment system
configured to supply a heat treated milk stream to the pre-evaporator, wherein the pre-
evaporator and the heat treated milk stream is configured to be cleaned in 2 hours or

less.

9. The system of claim 1, wherein the intermediate concentration milk draw
from the first buffer tank by the first finisher evaporator is reheated by transferring heat
from the intermediate concentration milk that is being cooled and directed to the first

buffer tank from the pre-evaporator.

10.  The system of claim 1, further comprising a first dryer feed system and a
spray dryer configured to produce a milk powder from the final concentration milk,
wherein the spray dryer is configured to operate continuously for at least 2 days before

being shut down for a CIP cleaning.

11.  The system of claim 1, further comprising a second buffer tank and a

second finisher evaporator, wherein the system is configured to switch between the first

-6 -
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and second buffer tanks and the first and second finisher evaporators during operation

to allow for a CIP cleaning of each without shutting down the system.

12. A method of processing a milk stream, comprises:

concentrating the milk stream using a pre-evaporator thereby producing
an intermediate concentration milk and directing the intermediate concentration milk to a
buffer tank;

cooling and accumulating a holdup volume of intermediate concentration

milk in the buffer tank;

drawing and reheating the intermediate concentration milk from the buffer

tank; and

concentrating the reheated intermediate concentration milk from the buffer

tank using a finisher evaporator thereby producing a final concentration milk.

13. The method of claim 12, further comprises feeding the final concentration

milk to a dryer feed system and a spray dryer, which produce a milk powder.

14.  The method of claim 12, further comprises cleaning the pre-evaporator
while the finisher evaporator continues operating and drawing down the holdup volume

of the intermediate concentration milk accumulated in the buffer tank.

15.  The method of claim 12, wherein the final concentration milk has a colony
forming units (cfu) value of 50 cfu per milliliter (cfu/ml) or less when the milk stream

supplied to the pre-evaporator has a cfu value of 5 cfu/ml or less.

16.  The method of claim 12, wherein the milk stream received by the pre-
evaporator is whole milk or standardized whole milk having a total solids (TS)
concentration between about 12% TS to about 14% TS, the intermediate concentration
milk produced by the pre-evaporator has a concentration between about 30% TS to
about 42% TS, and the final concentration milk produced by the first finisher evaporator

has a concentration between about 40% TS to about 65% T8S.

-7 -
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17.  The method of claim 12, wherein the milk stream received by the pre-
evaporator is skim milk or standardized skim milk having a concentration between about
8% TS to about 10% TS, the intermediate concentration milk produced by the pre-
evaporator has a concentration between about 30% TS to about 42% TS, and the final
concentration milk produced by the first finisher evaporator has a concentration
between about 40% TS to about 65% TS.

18.  The method of claim 12, further comprises agitating the intermediate

concentration milk in the buffer tank.

19.  The method of claim 12, wherein the intermediate concentration milk is
cooled to a temperature between about 35 °F to about 50 °F.
20. A system for processing a milk stream, comprising:
a finisher evaporator configured to:
draw an intermediate concentration milk from a buffer tank;

concentrate the intermediate concentration milk to produce a final

concentration milk; and

supply the final concentration milk to a dryer feed system and a

spray dryer;
wherein:

the intermediate concentration milk is supplied to the buffer tank by
a pre-evaporator configured to concentrate the milk stream, thereby producing the

intermediate concentration milk;

the intermediate concentration milk is accumulated and stored in

the buffer tank at a reduced temperature between about 35 °F to about 50 °F; and

the pre-evaporator, the buffer tank, and the finisher evaporator are
sized so that the buffer tank is capable of accumulating a holdup volume of intermediate

concentration milk sufficient to enable the pre-evaporator to be temporarily taken offline

-28 -
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to be CIP cleaned during which time the finisher evaporator continues producing final

concentration milk by drawing down the holdup volume.

-29.
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