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CIP WASH COMPARISON AND SIMULATION

TECHNICAL FIELD
[0001] This disclosure relates generally to clean-in-place systems and processes, and data

pertaining to clean-in-place systems and processes.

BACKGROUND
[0002] Food processing equipment, such as that found in dairies, tanks, pumps, valves and
tluid piping, typically includes tanks, pumps, valves, and fluid piping. This food processing
equipment often needs to be cleaned between each lot of product processed through the
equipment. However, the tanks, pumps, valves, and piping can be difficult to clean because
the various components may be ditficult to access and disassemble for cleaning. Because of
these cleaning difficulties, many food processing plants now use clean-in-place systems in
which the tanks, pumps, valves, and piping of the food processing equipment remain
physically assembled, and various cleaning, disinfecting, and rinsing solutions are circulated
by the clean-in-place system through the food processing equipment to atfect the cleaning
process.
[0003] An example clean-in-place cleaning cycle normally begins with a pre-rinse cycle
wherein water 1s pumped through the food processing equipment for the purpose of removing
loose soil 1n the system. Typically, an alkaline wash would then be recirculated through the
tood processing equipment. This alkaline wash would chemically react with the soils of the
food processing equipment to further remove soil. A third step would again rinse the food
processing equipment with water, prior to a fourth step wherein an acid rinse would be
circulated through the batch processing system. The acid rinse would neutralize and remove
residual alkaline cleaner and remove any mineral deposits lett by the water. Finally, a post-
rinse cycle would be performed, typically using water and/or a sanitizing rinse. Such clean-
in-place systems (and associated cleaning compositions) are known 1n the art, and examples
can be found 1n U.S. Pat. Nos. 6,423,675; 6,391,122: 6,161,558; 6,136,362: 6,089,242:
6,071,356; 5,888,311; 5,533,552; 5,427,126, 5,405,452, 5,348,058; 5,282,889; 5,064,561 ;
5,047,164, 4,836,420; and 2,897,829.
[0004] Clean-in-place processes can vary widely in complexity. Some clean-in-place
processes include various pieces of equipment, sometimes called clean-in-place objects,
operating in conjunction and/or 1n succession. Data regarding clean-in-place processes and

object operation 1s often stored as an unorganized mass of data, and 1s often
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incomprehensible to those without extensive experience in the clean-in-place industry. As a
result, a typical user of a system on which clean-in-place processes are performed 1s unable to
analyze clean-in-place process data to notice areas of potential improvement or non-ideal
operation in the clean-in-place process. (Generally, the user does not have more than a very
basic understanding of how operation of a system changes from process to process or how

actions taken by the user can affect the system operation.

SUMMARY
[0005] This disclosure in general relates to systems and methods of cataloging, arranging,
and viewing clean-in-place (CIP) data. Moreover, this disclosure provides for use of such
data to simulate changes 1in a wash recipe 1n a CIP system. In performing a simulation, wash
and/or phase summary data can appear in a simulate wash and/or phase summary and permit
a user to adjust one or more parameters in one or more phases of the wash summary. After
adjusting one or more parameters, a user can cause the system to recalculate aspects of the
wash from the wash summary utilizing the adjusted parameters, and 1n some 1nstances the
user’s remaining unadjusted parameters. Thus, the simulation can be performed utilizing the
CIP system user’s own data (e.g., from past CIP washes), tailoring the simulation to the
particular CIP system and allowing the user to determine a best practice with regard to their
own system.
[0006] One embodiment includes a method for simulating an operational effect of one or
more changes 1n a CIP process, where the CIP process includes at least two CIP phases. The
method 1ncludes, using one or more programmable processors, accessing a first set of CIP
data from a CIP database where the first set of CIP data is associated with the CIP process
and 1ncludes an amount of each of a plurality of consumables consumed during the CIP
process. The method further includes, using one or more programmable processors,
associating a price with each consumable consumed 1n the CIP process, calculating (1) the
total cost of each consumable used 1n the CIP process and (11) the total cost of the CIP process
where each 1s based on the amount and price of the consumables consumed, and displaying at
least a portion of the first set of CIP data on a display. The displayed CIP data includes at
least one of (111) the amount or (1v) the total cost of each consumable used 1n the CIP process.
In addition, the method includes providing, using the one or more programmable processors,
a graphical user interface contigured to receive inputs from a user, recerving, using the
graphical user interface, at least one proposed adjustment to one CIP phase of the CIP

process, generating, using the one or more programmable processors, a simulated CIP
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process based on the first set of CIP data and the at least one proposed adjustment,
generating, using the one or more programmable processors, simulated CIP data based on the
stmulated CIP process, and displaying, using one or more programmable processors, the
stmulated CIP data on the display. The simulated CIP data includes at least one of (v) the
amount or (v1) the total cost of each consumable used to generate the simulated CIP data. A
total cost of the simulated CIP process 1s calculated, where the total cost of the simulated CIP
process incorporates the proposed adjustment.

[0007] A further embodiment includes a method for simulating chemistry replacement 1n a
CIP process. The method includes receiving a first set of CIP data associated with the CIP
process having first and second CIP phases and using a plurality of consumables where one
of the plurality of consumables includes a first chemistry. The first chemistry 1s used in the
first CIP phase and the first set of CIP data comprises an amount of each of the plurality of
consumables used during the CIP process. The method further includes associating a price
with each of the plurality of consumables used during the CIP process, calculating a total cost
of the CIP process, displaying the received first set of CIP data on a display such that the
displayed first set of CIP data includes at least one of (1) the amount and (11) the cost of each
of the plurality of consumables used 1n the CIP process, and receiving, via an interface, at
least one hypothetical adjustment to the first chemistry used in the first CIP phase. In
addition, the method includes simulating an execution of the CIP process utilizing the first set
of CIP data and the hypothetical adjustment to the first chemistry creating simulated CIP data
associated with a stmulated CIP process, and displaying the simulated CIP data on the display
such that the displayed simulated CIP data includes at least one of (1) the amount and (11) the
cost of each of the plurality of consumables used 1n the simulated CIP process. A total cost
of the simulated CIP process incorporating the hypothetical adjustment to the first chemistry
1s calculated.

[0008] Another embodiment includes a CIP system. The CIP system has a CIP object
including an mput, a first chemistry 1n fluid communication with the input ot the CIP object,
a sensor configured to detect one or more operating conditions of the CIP system, and a
controller in communication with the sensor. The controller 1s configured to control fluid
communication between the first chemistry and the CIP object as well as to carry out a first
CIP process, including more than one phase, on the CIP object according to a recipe. The
controller includes one or more programmable processors and a non-transitory computer-
readable storage article having computer-executable instructions stored thereon to cause at

least one programmable processor to collect and store a first set of CIP process data
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corresponding to the first CIP process, where the first set of CIP process data includes one or
more operating conditions of the CIP system detected by the sensor. The at least one
programmable processor 1s also caused to access a library of CIP process data that includes a
plurality of sets of CIP process data corresponding to CIP processes performed previous to
the first CIP process, receive user input that includes a selection of a second set of CIP
process data corresponding to a second CIP process including more than one phase, where
the second set of CIP process data 1s selected from the library of CIP process data, and
display via a user interface at least portions of both the first set of CIP process data and the
second set of CIP process data such that at least a portion of the first set of CIP process data
and a portion of the second set of CIP process data are simultaneously presented for
comparison. The first CIP process and the second CIP process share at least one common
CIP phase, such that the compared portions of the first and second sets of CIP process data

comprise CIP process data regarding the at least one common CIP phase.

BRIEF DESCRIPTION OF DRAWINGS
[0009] FIG. 1 is an exemplary schematic diagram of a CIP system.

[0010] FIG. 2 1s an exemplary baseline/benchmark creation interface.

[0011] FIG. 3 is an exemplary simulation interface which can be presented to a user.

[0012] FIG. 4 1s an exemplary interface for allowing a user to modify chemical parameters
of a phase.

[0013] FIG. 5 is an exemplary interface showing how the system receives an indication, via a
GUI, that the current wash should be designated as a “perfect wash.”

[0014] FIG. 6 1s an exemplary interface showing how the system provides a library of washes
specitically designated as “perfect washes.”

[0015] FIG. 7 is an exemplary interface showing how the system receives a selection of the
perfect wash to which the system should compare to the actual wash.

[0016] FIG. 8A 1s an upper portion of an exemplary interface showing how the system
displays a comparison of an actual wash to the selected perfect wash.

[0017] FIG. 8B is a lower portion of an exemplary interface showing how the system

displays a comparison of an actual wash to the selected perfect wash.

DETAILED DESCRIPTION
[0018] As described, clean-in-place (CIP) systems can be used to clean equipment without

requiring disassembly of entire systems. In general, a CIP process 1s applied to one or more
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objects to be cleaned, hereinafter a “CIP object” or “object”. Typical CIP objects can
include, for example, tanks, silos, pumps, fillers, valve clusters, or objects that clean stand-
alone, such as pasteurizers, separators, membrane filtration equipment, evaporators, and
driers. The object is cleaned by process of a CIP wash. A CIP wash can include one or more
CIP phases. CIP phases are generally more specific than the wash itself, and 1n some
examples are defined by a set of operating parameters within a CIP wash. For example, a
CIP phase might include a rinse phase, during which water 1s passed through the CIP object
in order to rinse the object. Other exemplary CIP phases can include a pre-rinse, a post-rinse,
alkaline wash, acid sanitize, rinse recovery, chemical recovery, or sterilization. In general, a
CIP wash can include one or more CIP phases.

[0019] CIP washes, and likewise CIP phases, can consume one or more consumables during
the execution of a wash or phase. For example, auxiliary CIP equipment such as pumps,
valves, etc. can consume electrical energy during operation. In addition, various phases can
require the addition of water and/or one or more chemicals such as an alkaline or an acid
(generally “chemistry™). In some such phases, water and/or chemistry 1s heated to a desired
temperature, using thermal energy. Thus, exemplary consumables consumed during a CIP
phase or a CIP wash can include electrical energy, thermal energy, water, chemistry, and
time.

[0020] During a CIP wash, a series of pumps, valves, and other equipment can be used to
perform various phases of the wash. Such equipment can be controlled, for example, by a
controller configured to carry out CIP phases and washes. A controller can include memory
for storing CIP wash and phase recipes indicating which valves to open and/or which pumps
to activate at which times during a CIP wash. The controller can be programmed by a user to
update or save new wash recipes.

[0021] FIG. 1 1s an exemplary schematic diagram of a CIP system. As shown, a number of
chemustries (first chemistry 102 — Nth chemistry 122) are in communication with a CIP
object 142. For sumplicity, the fluid flow of first chemistry 102 will be explained 1n detail,
however 1t will be clear that similar operation can be employed among each of the other
chemistries. In the 1llustrated CIP system, the first chemistry 102 1s pumped by a first pump
104 toward a mixer 140. The term mixer 1s used to describe the area where the chemical
detergents are combined with the water source to create the cleaning solution. It can consist
of either a hydraulically suited mixing line segment, a circulation tank, or simply the suction
side of a delivery pump.in the CIP circuit. A first valve 106 in the flow path of the first

chemistry 102 can act to prevent the first chemistry 102 from reaching the mixer 140. In
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various embodiments, flow control can be performed by either the first valve 106, the first
pump 104, or a combination thereof. In some embodiments, the first valve 106 1s positioned
ahead of the first pump 104 in the flow path of the first chemistry 102, while in other
embodiments, the first valve 106 1s positioned after the first pump 104.

[0022] The mixer 140 is configured to receive the first chemistry 102, as well as any other of
the second chemuistry 112 through Nth chemistry 122. The mixer 140 can also be contigured
to receive water 132 via a water line comprising a water pump 134 and a water valve 136
which can be arranged 1n a siumilar configuration as the chemistry input lines. In general, the
mixer 140 can be any system component recerving chemistries and/or water intended to be
directed toward the CIP object 142. In some embodiments, the mixer 140 can actively mix
fluids therein, while 1n other embodiments, fluids merely are dispensed into the mixer 140
simultaneously. In some such embodiments, various chemistries and water are substantially
mixed within the CIP object 142 during the CIP process and need not be mixed by the mixer
140. In general, the mixer 140 receives any combination of water 132 and any of the first
102 through Nth 122 chemuistries prior to the combination of any such fluids being directed
toward the CIP object 142.

[0023] In some embodiments, the timing and dosing of water 132 or any of first 102 through
Nth 122 chemistries can be controlled by a controller (not shown) 1n communication with any
corresponding pumps and/or valves. As discussed, various CIP washes and phases can be
characterized by recipes stored 1n and/or carried out by the controller. For example, during a
first phase, the controller may cause the first valve 106 to open and the first pump 104 to dose
first chemistry 102 to the mixer 140 and CIP object 142. The controller can be configured to
dose a predetermined volume of the first chemistry 102, to dose the first chemistry 102 for a
predetermined amount of time, or to dose the predetermined chemistry 102 until a
predetermined event occurs. At the completion of the first phase, the controller may stop the
dosing of the first chemistry 102 by closing the first valve 106 and/or stopping the first pump
104. The controller can begin a second phase, for example, by dosing the second 112 and
Nth 122 chemuistries toward the mixer 140 via the second pump 114 and valve 116 and the
Nth pump 124 and valve 126, respectively. The second 112 and Nth 122 chemistries can
combine 1n the mixer 140 before being directed to the CIP object 142. In general, the
controller can operate to dose any combination of chemistries toward the mixer 140 and CIP
object 142. Such chemistries can be diluted as desired by further dosing water 132 via the

water pump 134 and water valve 136. In addition, various phases may be preceded or
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followed by a rinse phase, in which water 132 1s provided to the CIP object 142 to rinse away
residual chemistries or other residue from the CIP object operation.

[0024] In general, the CIP object 142 has at least one input for receiving a solution from the
mixer 140 and at least one output through which the solution exits the object. As shown in
the 1llustrated figure, a solution exiting the CIP object 142 can encounter a drain valve 144,
which can act to direct the fluid back to the mixer 140 or toward a drain 146. In some
embodiments, CIP process solution 1s recycled and run through the system a plurality of
times, while other times, the CIP process solution 1s directed through the CIP object 142 a
single time betore being sent to the drain 146. A controller can monitor the number of times
that a solution has traveled through a CIP object 142 and can control the drain valve 144
according to the number of times the solution 1s intended to travel through the CIP object
142.

[0025] CIP systems can include one or more sensors 110 for detecting various operating
conditions of the CIP system or a CIP process solution flowing therethrough. As shown in
the 1llustrated embodiment, the one or more sensors 110 are shown as being 1n
communication with the CIP object 142. However, it will be appreciated that the one or more
sensors can be dispersed throughout the system, such as in the mixer 140, proximate the input
or output of the CIP object 142, or any other appropriate position in the system. For example,
one or more sensors 110 can be positioned 1n any of the water 132 or first 102 through Nth
122 chemistry lines to monitor properties of each individual line. Various sensors can
include, for example, temperature sensors, conductivity sensors, optical sensors, flow meters,
electricity consumption meters and the like. The one or more sensors 110 can be 1n
communication with the controller for communicating readings thereto.

[0026] During a CIP process (e.g., wash, phase), data can be generated regarding the process.
For example, data collected by the one or more sensors 110 of FIG. 1 throughout the duration
of the process can be saved to memory by the controller. Exemplary types of data that can be
stored include duration of various phases, the electrical or thermal energy consumed during
various phases by various pieces of equipment, the temperature of CIP process fluid, an
amount of water or chemistry used during a phase or a wash, or the like.

[0027] In general, a large amount of CIP data regarding various operating parameters can be
stored. In typical CIP systems, this data 1s unorganized and can be complicated and difficult
for untrained users to interpret. For instance, without expert knowledge of CIP systems, a
typical operator may not be able to distinguish between various CIP phases or troubleshoot

CIP process equipment malfunction with raw CIP data generated by a typical system.
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[0028] In embodiments of the present invention, the controller can be configured to combine
CIP data acquired during a CIP wash to better provide context to a system operator. For
example, the controller can combine data such as valve positions, temperature, flow duration,
etc. to determine when during a CIP wash various CIP phases begin and end. In some
examples, the controller can collect and store data from CIP processes in a wash summary.
Data can be grouped together by phase, by consumable, or by other logical parameters 1n
order to provide specitic phase, consumable, or other information regarding an entire wash.
The wash summary can be saved as a whole to memory.

[0029] Wash summaries can be cataloged and saved in a wash library, providing an easy way
to find and analyze past wash summaries, or to view information regarding various wash
summaries side-by-side. Wash summaries and the wash library can be sortable by various
properties measured during washes by CIP equipment. Additionally, wash summaries and
the wash library can include exception data, indicating the one or more parameters during one
or more phases of one or more washes met a condition defined by the user. Such a parameter
meeting such a defined condition triggers an exception so that the user can immediately be
aware that such a condition was met. Wash summaries, exceptions, and a wash library are
detailed in the provisional patent application entitled “CIP WASH SUMMARY AND
LIBRARY, attorney docket number 29805.157.3” filed concurrently herewith and which 1s
hereby incorporated by reference 1n its entirety.

[0030] Within the wash library, a user can select particular time ranges of wash occurrences
to tlag as a baseline or a benchmark within the CIP monitoring system. In general, a baseline
and a benchmark can be used differently by the user. For example, a baseline can be set over
a period of tume (e.g., 1 week, 4 weeks, etc.) shortly after the 1nstallation of the CIP
monitoring plattorm which can be used to indicate current consumption amounts, thus
establishing a baseline for future operation of the system. Benchmark washes may be saved
because of some noteworthy occurrence after the installation process. For example, seasonal
variation in ambient or incoming water temperature, changes 1n production throughput over
an annual cycle, alterations in product quality, plant expansions, or modifications to cleaning
procedures to reduce consumption would be typical reasons to set aside a grouping of wash
occurrences over a period of time as a benchmark. In general, the setting of baselines and
benchmarks i1s done 1n a sumilar fashion, and a difference 1s that the baseline time period 1s
meant to be the 1nitial or original benchmark at any given facility; thus, it will be appreciated
that the terms can be functionally used interchangeably, as each can be saved and otherwise

utilized by a user similarly.
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[0031] Baseline and benchmark consumption periods can be stored in or otherwise linked to
from a database of exclusively baseline and benchmark periods. Thus, a user can navigate to
the database of baseline and benchmark washes to more quickly locate consumption details
for the selected time frame. For example, a user may wish to flag the first week 1in a new
system so that the user can easily recall the wash data trom the first wash to compare to
subsequent washes 1n the future. Similarly, a user may wish to flag the first week or four
week period 1n a system immediately after a system has undergone changes or other
maintenance so that the user can more easily observe system change over time. In some
other examples, a user may choose to establish a baseline or a benchmark time frame
immediately before a system change so that the user can easily review wash data from prior
to the change and compare with washes after the change has been implemented. In turther
examples, a user can save data, such as a number of triggered exceptions or a particularly
cost-effective period. In general, a user can select a time period to be saved as a baseline or
benchmark wash for a variety of reasons. Once a wash has been saved as a baseline or
benchmark, a user can navigate the database ot baselines and benchmarks and quickly and
casily recall data from such washes.

[0032] FIG. 2 1s an exemplary baseline/benchmark creation interface 200. In the illustrated
interface 200, a user can select a time period from which to create a benchmark. As shown, a
user can select one of several time period ranges 210-280 from which to create a benchmark.
The interface can provide information to the user regarding each time period 210-280.
Provided information can include the number of washes pertormed within the time period,
the number of washes that triggered exceptions, the consumption of any number of
consumables, the cost per consumable, the total operating cost, or any other available
information. The user can select the desired time period, 1n this example time period 270,
and elect to create a benchmark based on the data associated with that time period 270. In
some embodiments, the data designated as benchmark data 1s stored 1n a benchmark library.
Benchmark data can be moved or copied from the wash library to the benchmark library.
[0033] In some systems, a user can compare washes within the wash library to one another.
In some embodiments, a user can select two or more washes from a wash library to be
compared. In some embodiments, these washes can be presented 1n a manner similar to the
wash summary of the incorporated application. Selected washes can be presented side-by-
side for user comparison. The presented CIP data representative of each wash can include,
for example, the duration of the wash, the amount of any of a number of consumables

consumed, the cost of consuming the consumables, or any other data stored 1n the wash
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library. In some embodiments, a comparison between two or more washes includes
presenting the difference between like parameters between those washes. For example, a
wash comparison between a first wash and a second wash can include the total amount of
water used 1n the first wash, the total amount of water used 1n the second wash, and the
difference in the amount of water used between the first and second washes.

[0034] In some embodiments, a user can adjust how the wash comparison between two or
more washes 1s presented. In some 1nstances, the user can sort or filter the compared washes
by any number of desired parameters. For example, a user can sort a number of washes
selected for comparison by the total amount of water used 1n each wash. In doing so, the user
can easily observe which of the selected washes consumes the most water during the course
of the wash. In general, the user can sort washes by any available comparable parameter.
[0035] In some embodiments, the user is able to set aside specific washes for each object and
recipe combination within the plant as a gold-standard or “perfect” wash. These washes are
stored separately to allow for quick comparison to other washes on the same object or to
other washes on any other object in the plant, whether they be similar, such as two similarly
sized and used tanks 1n the facility, or dissimilar objects. There are no pre-requisites for the
flagging of a wash as a pertect wash, so the user may define any wash that is interesting for
any number of reasons. For example, the user may define a wash of a specific object/recipe
combination because it 1s exemplary of the best possible CIP operation given the current
status quo; however, the wash could also be flagged to indicate an improper CIP, due to
quality, consumption, or duration to have easy access for comparison against future washes.
[0036] During exemplary operation, a user can recall a benchmark wash as described earlier
for comparison with one or more additional washes. For instance, a user can save the last
wash prior to implementing a change in the CIP system as a perfect wash. Once the changes
to the CIP system have been implemented, a wash can be performed and quickly and easily
compared to the designated perfect wash. Accordingly, the system user can easily observe
the changes 1n wash summary data that are a result of the changes implemented into the CIP
system. Subsequently, the user can save the wash summary of the new system as a baseline
wash and easily compare future washes to this instance to observe system behavior over time.
[0037] FIG. 5 1s an exemplary interface S00 showing how the system receives an indication
via a graphical user interface (GUI) at region 510, that the current wash should be designated
as a “perfect wash.” FIG. 6 1s an exemplary interface 600 showing how the system provides
a library of washes specitically designated as “perfect washes.” The library 1s structured

similar to other system libraries. FIG. 7 1s an exemplary interface 700 showing how the
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system receirves a selection of the perfect wash to which the system should compare to a
desired wash (e.g., a current or most recent wash). FIGS. 8A and 8B are upper 800 and lower
3850 portions, respectively, of an exemplary interface showing how the system displays a
comparison of an actual wash to the selected pertect wash.

[0038] A user can further use data in the wash library to simulate changes in a wash recipe in
a CIP system. For example, a user can select with a wash summary comprising the user’s
own system data regarding a previous wash for adjusting. In some examples a user can select
to enter a simulation from viewing an existing wash summary in the wash library. In other
examples, a user can enter a simulation mode of operation and then select a wash summary
from the wash library. As described 1n the incorporated application, the wash summary can
include phase data and consumable data related to various CIP phases within the wash and
consumables consumed within each phase and the wash in its entirety. During a sumulation,
wash and/or phase summary data can appear 1n a simulate phase summary or a simulate wash
summary in which a user can choose to edit or adjust one or more parameters in one or more
phases of the wash summary. In some embodiments, the user selects a phase of the wash
from the simulate wash summary to adjust one or more parameters of the selected phase. In
some 1nstances, the user can eliminate a phase from, or add an entirely new phase to the
simulated wash (e.g., a new phase using a new chemistry).

[0039] After editing a variety of parameters, a user can cause the system to recalculate
aspects of the wash from the wash summary utilizing the adjusted parameters. In calculating
the hypothetical cost of the stmulation wash, the system utilizes the adjusted parameters in
conjunction with the user’s remaining unadjusted parameters to determine the simulated wash
cost. Thus, the simulation can be performed utilizing the CIP system user’s own data,
tailoring the simulation to the particular CIP system. In some embodiments, the simulated
wash summary can be saved 1n a simulated wash library for future access by the user. The
stmulated wash summary can be presented alongside the original wash summary for
comparison analogous to the comparisons of washes from within the wash library described
above. Similarly, two simulated wash summaries can be presented alongside one another for
comparison.

[0040] Thus, in performing such a simulation, a user can view parameters of an existing wash
summary and change one or more parameters in the wash to observe a predicted etfect on the
system operation. In various examples, the user can change any appropriate parameters, such
as the type and/or amount of chemistry dosed, the desired temperature of chemistry, water, or

a combination thereof 1n the system, the duration of a particular phase, etc. The system can
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then, based on the user’s past data, simulate the effect of the adjusted parameters. The results
can be displayed as a simulated wash summary together with the original wash summary, and
the two can be compared. Running simulations based on the user’s past data allows the user
to determine a best practice with regard to their own system.

[0041] In one example, the simulation tool can be used to simulate the effect of a chemistry
replacement 1n at least one CIP phase 1n a wash. In some instances, the replacement of one
chemistry with another can affect wash parameters of the system 1n a predictable way.
Accordingly, a user can adjust the one or more additional parameters atfected by the
chemistry change. For example, the user can adjust the cost and/or amount of the chemistry
dosed during the at least one phase. Similarly, any other system changes (e.g., different
temperature, ditferent amount of water) can be input by the user. Running the simulation
with these updated parameters can provide a detailed analysis to the user regarding the effect
of the stmulated change 1n chemistry without requiring the user to physically test the
chemistry within the system.

[0042] In various embodiments, the simulation calculating, data lookup and saving, and
recelving inputs from a user interface can be performed by one or more processors
incorporated 1nto the system. The one or more processors can be 1n communication with
system memory for recalling wash summary data, cataloging wash summary data into a wash
library, and indexing and recalling benchmark and baseline washes. In some embodiments,
the processor 1s configured to connect to a network, such as the internet, for determining the
cost of consumables from a database, or otherwise receiving data from or communicating
data to a remote location. Thus, in such embodiments, the database can be remote from the
controller of the CIP system and include present/real-time cost information for one or more
consumables utilized 1n a CIP process. The CIP system, via the controller for example, can
be 1n communication with the remote database via a network, such as the internet, to receive
the present/real-time cost information for one or more consumables.

[0043] FIGS. 3-4 illustrate exemplary CIP simulation processes. FIG. 3 is an exemplary
stmulation interface 300 which can be presented to a user. The interface 300 includes one or
more phases 310, 320 for selection by a user, along with data associated with each phase 310,
320 taken from the wash summary. The presented data can be existing data from a previous
wash retrieved from a wash library as described in the incorporated application. In various
embodiments, the user can select a simulation function from a list of options. In some
examples, the user can select from any or all of copying a particular phase for reinserting 1nto

a stmulate wash, editing a phase, or deleting a phase from a simulated wash.
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[0044] In selecting to edit the phase data, the user can be presented with an interface for
modifying one or more parameters regarding the phase. In some embodiments, a user can
select between modifying parameters related to a particular consumable. FIG. 4 1s an
exemplary interface 400 for allowing a user to modify chemical parameters of a phase. As
shown, the interface 400 includes original data from the original phase summary across one
row 410, and one or more editable text boxes by which the user can enter an adjusted
parameter across a second row 420. In such an embodiment, the user can easily observe
differences between a proposed simulated phase and the original phase data. Once the user
has entered the desired adjustments, the user can choose to recalculate parameters of the
phase dependent on the adjusted variables, such as the total cost of the phase. In some
examples, the system (e.g., via one or more processors) can display the calculated simulated
parameters and/or display the net difference between the original and the simulated
parameters. For example, 1n the 1llustrated example of FIG. 4, the Total Actual Cost of a
phase 1s presented, the Total Simulated Cost of the simulated phase 1s presented, and the Net
Difference Cost is presented. This allows a user to easily observe the predicted effect of the
adjusted parameters on the phase cost. After adjusting parameters regarding a particular
consumable 1n a phase or wash, a user can select another consumable and perform a similar
stmulation function. In general, a user can modify parameters related to any number of
consumables, and observe etfects on the phase and/or wash. In various examples, a user can
view effects from any one of, or any combination of a series of simulation adjustments. In
some embodiments, a user can save a simulated wash 1n a simulation library for future
reference.

[0045] Various examples have been described. These and others are within the scope of the

embodiments of the present invention.
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CLAIMS

. A method of comparing clean-in-place (CIP) processes, comprising:

accessing, using one or more programmable processors, a first set of CIP process data
corresponding to a first CIP process comprising at least two CIP phases;

accessing, using the one or more programmable processors, a library of CIP process data
comprising a plurality of CIP processes performed previous to the first CIP process, a
subset thereof being designated as benchmark CIP processes;

providing, using the one or more programmable processors, a graphical user interface
configured to recerve inputs from a user;

recelving, using the graphical user interface, a selection of a second CIP process comprising
at least two CIP phases, the second CIP process being selectable by the user from the
library of CIP processes or from the subset designated as benchmark CIP processes;

retrieving, using the one or more programmable processors, a second set of CIP process data
from the library of CIP process data, the second set of CIP process data corresponding
to the selected second CIP process; and

displaying, using the graphical user interface, at least portions of the first set of CIP process
data and the second set of CIP process data such that at least a portion of the first set
of CIP process data and a portion of the second set of CIP process data are
simultaneously presented for direct viewing and comparison, wherein

the first CIP process and the second CIP process share at least one common CIP phase, such
that the compared portions of the first and second sets of CIP data comprise CIP
process data regarding the at least one common CIP phase;

the first and second sets of CIP process data comprise (1) the amount or cost of at least one
consumable consumed 1n the at least one common CIP phase and (i1) the total cost of
the at least one common CIP phase; and

displaying the first set of CIP process data and the second set of CIP process data further
comprises displaying a ditference in total cost of the at least one common CIP phase

between the first and second CIP processes.
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2. The method of claim 1, further comprising:

implementing a change to a CIP system within which the first CIP process and the plurality
of CIP processes performed previous to the first CIP process are pertormed, wherein a
subset of CIP process data in the library designated as a benchmark corresponds to a

CIP process performed prior to the implemented change to the CIP system.

3. A method for simulating an operational effect of one or more changes in a CIP
process comprising at least two CIP phases, the method comprising:

accessing, using one or more programmable processors, a first set of CIP data from a
CIP database, the first set of CIP data associated with the CIP process and comprising an
amount of each of a plurality of consumables consumed during the CIP process;

associating, using the one or more programmable processors, a price with each
consumable consumed 1in the CIP process;

calculating, using the one or more programmable processors, (1) the total cost of each
consumable used 1n the CIP process and (i1) the total cost of the CIP process, each based on
the amount and price of the consumables consumed,;

displaying, using the one or more programmable processors, at least a portion of the
first set of CIP data on a display, the displayed CIP data including at least one of (i11) the
amount or (1v) the total cost of each consumable used 1n the CIP process;

providing, using the one or more programmable processors, a graphical user interface
configured to recerve inputs from a user;

receiving, using the graphical user interface, at least one proposed adjustment to one
CIP phase of the CIP process;

generating, using the one or more programmable processors, a stmulated CIP process
based on the first set of CIP data and the at least one proposed adjustment;

generating, using the one or more programmable processors, simulated CIP data
based on the simulated CIP process;

displaying, using the one or more programmable processors, the simulated CIP data
on the display, the simulated CIP data including at least one of (v) the amount or (vi) the total
cost of each consumable used to generate the simulated CIP data; and

calculating, using the one or more programmable processors, a total cost of the
stmulated CIP process, the total cost of the simulated CIP process incorporating the proposed

adjustment.
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4. The method of claim 3, wherein associating the price with each consumable
consumed 1n the CIP process includes receiving a present cost of at least one consumable
consumed 1n the CIP process from a remote database via a network connection between the

remote database and one of the one or more programmable processors.

d. The method of claim 3, wherein receiving at least one proposed adjustment to one
CIP phase of the CIP process includes changing an amount of a consumable used in the CIP

phase.

0. A method for simulating chemistry replacement in a CIP process, the method

COmprising:

receiving a first set of CIP data associated with the CIP process having first and
second CIP phases and using a plurality of consumables where one of the plurality of
consumables includes a first chemistry, wherein the first chemistry is used in the first CIP
phase, and wherein the first set of CIP data comprises an amount of each of the plurality of
consumables used during the CIP process;

associating a price with each of the plurality of consumables used during the CIP
process;

calculating a total cost of the CIP process;

displaying the received first set of CIP data on a display, such that the displayed first
set of CIP data includes at least one of (1) the amount and (11) the cost of each of the plurality
of consumables used 1n the CIP process;

recelving, via an interface, at least one hypothetical adjustment to the first chemistry
used 1n the first CIP phase;

simulating an execution of the CIP process utilizing the first set of CIP data and the
hypothetical adjustment to the first chemistry, creating simulated CIP data associated with a
simulated CIP process;

displaying the simulated CIP data on the display, such that the displayed simulated
CIP data includes at least one of (1) the amount and (11) the cost of each of the plurality of
consumables used 1n the simulated CIP process; and

calculating a total cost of the simulated CIP process incorporating the hypothetical

adjustment to the first chemistry.
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7. The method of claim 6, further comprising the step of:

receiving, via the interface, a hypothetical adjustment to an amount one of the
plurality of consumables used 1n the CIP process other than the first chemistry, wherein
stmulating the execution of the CIP process further utilizes the hypothetical adjustment to the
amount of the one of the plurality of consumables used 1n the CIP process other than the first

chemuistry.

3. The method of claim 7, wherein the one of the plurality of consumables used in the
CIP process other than the first chemistry for which the hypothetical adjustment 1s received 1s

used 1n the second CIP phase.

9. The method of claim 6, further comprising:
calculating a difference between the total cost of the CIP process and the total cost of

the stmulated CIP process incorporating the hypothetical adjustment to the first chemaistry.

10. A clean-in-place (CIP) system comprising:
a CIP object including an input;
a first chemistry in fluid communication with the input of the CIP object;
a sensor configured to detect one or more operating conditions of the CIP system; and
a controller in communication with the sensor, the controller configured to control
fluid communication between the first chemistry and the CIP object and configured to carry
out a first CIP process including more than one phase on the CIP object according to a recipe,
wherein the controller includes one or more programmable processors and a non-transitory
computer-readable storage article having computer-executable instructions stored thereon to
cause at least one programmable processor to:
collect and store a first set of CIP process data corresponding to the first CIP
process, wherein the first set of CIP process data includes one or more operating
conditions of the CIP system detected by the sensor;
access a library of CIP process data comprising a plurality of sets of
CIP process data corresponding to CIP processes performed previous to the first CIP
process;
receive user mput comprising a selection of a second set of CIP

process data corresponding to a second CIP process including more than one phase,
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the second set of CIP process data being selected from the library of CIP process data;
and

display via a user intertace at least portions ot both the first set of CIP
process data and the second set of CIP process data such that at least a portion of the
first set of CIP process data and a portion of the second set of CIP process data are
simultaneously presented for comparison, whereinthe first CIP process and the second
CIP process share at least one common CIP phase, such that the compared portions of
the first and second sets of CIP process data comprise CIP process data regarding the

at least one common CIP phase.

11. The system of claim 10, wherein the first and second sets of CIP process data
comprise (1) the amount or cost of at least one consumable consumed 1n the at least one

common CIP phase and (11) the total cost of the at least one common CIP phase.

12. The system of claim 11, wherein the at least one consumable consumed 1n the at least

one common CIP phase is selected from the group consisting of electrical energy, thermal

energy, water, chemistry, and time.

13. The system of claim 11, wherein the display of the first set of CIP process data and
the second set of CIP process data further comprises a display of a difference 1n total cost of

the at least one common CIP phase between the first and second CIP processes.

14. The system of claim 10, wherein the library of CIP process data includes at least one

subset designated as a benchmark set of CIP process data.

15. The system of claim 14, wherein the second set of CIP process data being selected

from the library of CIP process data 1s selected from the subset designated as the benchmark

set of CIP process data.

16. The system of claim 10, further comprising:
a database remote from the controller and 1n communication via a network with the

controller, the database including a present cost of the first chemistry.

17. The system of claim 10, turther comprising:
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a second chemuistry 1n fluid communication with the input of the CIP object, wherein

the second chemistry is different than the first chemistry, and wherein the controller 1s

configured to control fluid communication between the second chemistry and the input of the

CIP object.

18. The system of claim 17, a first phase of the first CIP process includes fluid
communication between the first chemistry and the input of the CIP object, and wherein a
second phase of the first CIP process includes fluid communication between the second

chemistry and the input of the CIP object.

19. The system of claim 17, wherein a first phase of the first CIP process includes fluid
communication between the first chemistry and the input of the CIP object as well as fluid

communication between the second chemistry and the input of the CIP object.
20). The system of claim 10, wherein the at least one common CIP phase shared by the

first CIP process and the second CIP process includes use of the first chemistry, and wherein

the first chemistry is selected from the group consisting of an alkaline and an acid.
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