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PCTPATENTAPPLICATION

SYSTEM AND METHOD FOR EFFECTIVE PLANT PERFORMANCE
MONITORING IN GAS OiL SEPARATION PLANT (GOSP)

{6801}  The present application relates to, claims the benefit of, and claims priority to UK,
Provisional Patent Application Serial No. 61/673,368, titled “System and Method for
Effective Plant Performance in Gas (il Separation Plant (GOSP),” and which is incorporated

herein in its entirety.

Field of the lnvention

[3602]  This mvention generally relates to the developrment and deplovment of a plant
performance monitoring tool that enables operators, engineers, and others in gas oil
separation plant {(GOSP) facilities to monttor, assess, and troubleshoot plant operation

effectively.

Backsround of the Invention

8603}  With the rapid deployment of data acquisition technology throughout the oil and
gas industries, it is becoming common for oil and gas facilities to be well equipped with plant
distributed countrol systems, data historian {e.g., PI system), and performance mouttoring

tools,

[6664]  Plant performance monitoring takes many forms in the industry. Commercial
products exist that allow gencral monitoring capabilities, for example, focused on controller
performance.  Another set of tools focus on, or are tatlored toward, energy optimization
efforts only. However, there is a lack of monitoring tools that allow for monttoring a more
extensive variety of information, such as equipment efficiency, vield, utilities, and process, as
well as resource optimization, to allow for the optimization of factors relevant to the
operations of a facility. Additionally, there is a lack of monitoring tools that are designed for

a GOSP facility.
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16665  Currently, GOSP facilities rely on typical process monitoring tools, like data
historian PI systems, and manual calculations, to momitor performance. There exists a system
that incorporates KPls and is mainly used to compare between actual performance and the
KP1 performance. However, this system is mainly limited to simple performance parameters,
such as temperature and flow rate monitoring. It a detailed performance parameter
monitoring is required, such as to monitor compressor polytrophic efficiency, such an
analysis is fime consuming and takes several hours to complete. This time consuming cftort
is not productive unless the effort is automated and integrated. Thus, there is a need in the

mdustry for irmproved monitoring tools.

SUMMARY OF THE INVENTION

{6866  In one aspect, the mmvention provides a GOSP facility monitoring system to assess
deviations from key performance indicators by comparing actual performance parameters o
target performance parameters. The system notifies the user of improvement incentives and
disgnostic tips to assist efforis to improve performance parameters.  The GOSP facility
monitoring system includes one or more client devices, one or more processors, and a non-
transitory memory positioned in communication with the one or more processors to store
computer program product therein, The system also includes an input/output unit connected
to the one or more processors and the non-transitory mersory, the fnput/output unit adapted to
be in comnwnication with a plurality of back end operational systems through a network to
receive a plurality of performance parameters from the plurality of back end operational
systems. The system further includes one or more key performance indicator databases (o
associate target performance values to operational units. The system also includes a
computer program product, defining an aggregator module, stored in the non-transitory
memory and operable on the one or more processors, the aggregator module having a set of
mmstructions that, when executed by the one or more processors, cause the GOSP facility
monitoring system to perform operations. The operations include determining a plurality of
deviations from target performance parameters. The deviations are determined by comparing
actual performance parameters (o target performance parameiers. A list of deviations from
target performance parameters is generated. A summary of improvement incentives based on
the deviation from a target performance parameter is generated. The improvement incentives
can nclude financial improvement, vield tmprovement, and resource usage improvement.
An user interface is generated to display at one or more client devices.  The user interface

allows a user to monitor the performance parameters of the GOSP facility, The user interface

[
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can include a performance parameters interface, improvement incentive interface, and

diagnostic tips interface.

16667  In a further aspect, the invention provides a method of using the facility monitoring
systern.  The method includes a user monitoring the user interface. The user interface
displavs an improvement opportunity based on a deviation from a target performance
parameter. The user interface also displays diagnostic tips to assist in the reduction of the

deviation from the target performance parameter.

{8608}  In another aspect, the invention provides a computer storage medium having a
computer program stored therein including a set of instructions that when executed by one or
more processors cause the one or more processors to perform operations.  The operations
imchide determining a plurality of deviations from target performance parameters.  The
deviations are determined by comparing actual performance parameters o target performance
parameters. A list of deviations from target performance parameters is generated. A priority
order for the plurality of deviations from target performance parameters s generated. A
summary of improvement incenfives based on the deviations from target performance
parameters is generated. The improvement incentives can include financial improvement,
yvield improverment, and resource usage improvement.  An user interface is generated to
display at one or more client devices. The user interface allows a user to monitor the
performance parameters of the GOSP facility. A list of diagnostic tips for addressing the
deviations from target performance parameters in the determined priority order is also

generated.

BRIEF DESCRIPTION OF DRAWINGS

{8609}  Figure | shows a work flow and system diagram according to an embodiment of
this invention.

18618] Figure 2 shows an energy consumption hierarchical chart according to an
embodiment of this invention.

13611} Figure 3 shows a work flow and system diagram for development of diagnostic tips
according to an embodiment of this invention.

{3612}  Figure 4 shows a work flow and system diagram for a complete cycle of KPI and
gap closure assessment for achicving continuous improvement according to an embodiment

of this invention.
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16613} Figure 5 shows a work flow and system diagram for KPI correlation and

development according to an embodiment of the invention.

[3614]  Figure 6 shows a work flow and system diagram for a complete cycle of KPI and
gap closure assessment for achieving continuous improvement according o an embodiment
sf the invention.

16815} Figure 7 shows a work flow and system diagram for KPI correlation development
according to an erabodiment of the invention.

[6016]  Figure § shows a work flow and system diagram for KPI correlation development
according to an embodiment of the invention.

16617}  Figure 9 shows an exemplary screen shot of a user interface according to an
embodiment, detailing overall performance summary on a given day for an exemplary GOSP
facility.

[3018]  Figure 10 shows an cxemplary screen shot of a user interface according to an
embodiment, detailing an oil train performance summary on a given day for an exemplary
GOSP facility.

{6819  Figwre 11 shows an cxemplary systern architecture for an cmbodiment of the

monitoring system.

DETAILED DESCRIPTION OF THE INVENTION

16628] Although the following detailed description contains many specific details for
purposes of illustration, it 18 understood that one of ordinary skill in the art will appreciate
that many examples, variations, and alterations to the following details are within the scope
and spirit of the invention. Accordingly, the exemplary embodiments of the invention
described herein and provided i the appended figures are set forth without any loss of

generality, and without imposing limitations, on the claimed fuvention,

18621}  In onc aspect, the invention provides g GOSP facility moniforing system {0 2ss¢ss
deviation from key performance indicators by comparing actual performance parameters to
target performance parameters. The system notifies the user of improvement incentives and
diagnostic tips to improve performance parameters, The GOSP facility monitoring system
includes one or more client devices, one or more processors, and a non-transifory memory
positioned in communication with the one or more processors to store computer program

product therein, The system also includes an mput/output unit connected to the one or more
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processors and the non-transitory memory, the input/output unit adapted to be in
communication with a plurality of back cud operational systems through a network to receive
a plurality of performance pararseters from the plurality of back end operational systerns.
The system further includes one or more key performance indicator databases to associate
target performance values to operational units. The system also includes a computer program
product, defining an aggregator module, stored in the non-transitory memory aund operable on
the one or more processors, the aggregator module having a set of mstructions that, when
executed by the one or more processors, cause the GOSP facility monitoring system to
perform operations. The operations include determining a plarality of deviations from target
performance paramcters. The deviations are determined by comparing actual performance
paramcters to target performance parameters. A list of deviations from target performance
parameters is generated. A summary of improvement incentives based on the deviation from
a target performance parameter is generated.  The improvement incentives can include
financial improvement, yield improvement, and resource usage improvement. An user
mmtertace is gencrated to display at one or more client devices. The user interface allows a
user to monitor the performance parameters of the GOSP facility. The user interface can
imchude a performance parameters interface, improvement ncentive interface, and diagnostic

tips interface,

16622  In further embodiments, the user interface allows the selection of a performance
parameter to be improved and generates a display of the financial improvement to be gained
by mproving the performance paramcter to be improved. In other embodiments, the user
mmtertace allows the selection of g performance parameter to be improved and generates a
display of the yvield improvement to be gained by improving the performance parameter to be
improved. In other embodiments, the user interface allows the selection of a performance
parameter to be improved and generaies a display of the resource usage improvement {o be

gained by improving the performance parameter to be improved.

13623}  In some embodiments, the plurality of deviations from target performance
parameters are determined based on a percentage deviation. In yet further embodiments, the
plurality of deviations from target performance parameters are ranked in a priority order. The
priority order can be any number of priorities as selected by the user. Exemplary priority
orders can be based on percentage deviation from the target performance parameter, the
financial iroprovement to be gaimed by reducing or eliminating the deviation from target

performance parameter, the vield improvement to be gained by reducing or eliminating the
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deviation from target performance parameter, or the resource usage improvement to be

gained by reducing or eliminating the deviation from target performance parameter.

16624  In further embodiments, the user interface allows the selection of a performance
paramicter to be improved and generates a list of diagnostic tips to aid the user in improving

the performance parameter to be improved.

186251 In a further aspect, the invention provides a method of using the facility monitoring
system.  The method includes a user monitoring the user interface.  The user mterface
displays an improvement opportunity based on a deviation from a target performance
parameter.  The user interface also displays diagnostic tips to reduce or climinate the

deviation from the target performance parameter.

16626]  In further embodiments, the user takes action based on the diagnostic tips provided
and reduccs or eliminates the deviation from a target performance parameter. In some
embodiments, the user interface displays an improvement incentive in terms of financial gain,
vield gain, or resource usage optimization. In other embodiments, the user interface displays
a plorality of improvement opportunities based on deviations from target performance
parameters and also displays a priority list of parameters for the user to address based on a
priority order of the improvement opportunities based on percentage deviations from target

performance parameters.

186271 In another aspect, the invention provides a computer storage mediurn having a
computer program stored therein including a set of instructions that, when executed by one or
more processors, cause the one or more processors o perform operations. The operations
mclude determining a plurality of deviations from target performance parameters.  The
deviations are determined by comparing actual performance parameters fo target performance
parameters, A list of deviations from target performance parameters is generated. A priority
order for the plurality of deviations from target performance parameters is generated. A
sumynary of improvement incentives based on the deviations froma target performance
paramcters is generated. The improvement incentives can include financial improvement,
vield improvement, and resource usage improvement. A user interface is gencrated fo
display at one or more client devices. The user inferface allows a user to monitor the
performance parameters of the GOSP facility. A list of diagnostic tips for addressing the
deviations from target performance parameters in the determined priority order is also

generated.
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16628}  In yot further embodiments, the plurality of deviations from target performance
parameters are ranked in a priority order. The priority order can be based on any number of
priotities as sclected by the user. Exemplary prionity orders can be based on percentage
deviation from the target performance parameter, the financial improvement fo be gained by
reducing or eliminating the deviation from target performance paramcter, the yield
mnprovement to be gained by reducing or eliminating the deviation from target performance
parameter, or the resource usage improvement to be gained by reducing or climinating the

deviation from target performance parameter,

16629} The monitoring system described can be used in any number of petroleum
processing facilities. Tn an exemplary embodiment, the facility being monitored is a GOSP
facility.

16636] When crude oil is produced from an oil well, it primarily contains water and
hydrocarbon mixtures that need to be separated. The oil is taken to a GOSP facility where
the separation process occurs between the unwanted byproduct (water) and the main products
{oif and associated gas). Typically, a GOSP facility has two or three oil-gas separation stages
and two- or three-stage dehydrator stages. As the crude o1l is sent through the separation
systern, its pressure is reduced at each stage, and the associated gas is released 1 a separator.
The associated gas is then compressed before it s sent to the gas tram facility for further
pracessing. The crude is then processed in the stabilization plant where the light end
components in the crude and hydrogen sulfide are removed betore this stabilized crude is
exported. As for the water, this byproduct is normally pamped to the water handling facility
within GOSP facility for additional treatment, Many GOSP facilitics then pump the water

back to the reservoir for pressure maintenance programs.

16631} GOSP facilities typically consist of an oil train facility, a gas train facility, and
utility system. The oil train facility inclodes a High Pressure Production Trap (“HPPT),
Low Pressure Production Trap (“LPPT™), Water Gil Separation ("WOSEP™), desalting and
dehydration operations, stabilization operations, compressors, pumps, and heat exchangers.
The gas train facility, or Hydrocarbon Dew Point Control facility, includes propane chillers,
TEG dehydration system, and a condensate stripper. The utility systern includes a steam

system having boilers, HRSGs, and power.

16632}  In another aspect, the invention relates to the development and deployment of a

plant performance monitoring ool or system that enables users in GOSP facilities to monitor,

~¥
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assess, and troubleshoot plant operations effectively from a desktop. The automated
monttoring tool, or system, is developed to monitor specific plant performance parameters in
relation to their corresponding performance KPIs, or target performance parameter, and
equipped with a capability to perform gap analysis that quantifies the gap between the actual
performance and the KPI. This gap analysis provides measuring capability that determines
the incentives for gap closure or improvement ctforts in terms of such factors as financial
values, energy utilization, and resource usage. Following the gap analysis, where the gap
closure effort is quantified, the invention provides advisory capabilities through its diagnostic
tip features to help users as a starting point to investigate and fo troubleshoot process
operations, In some embodirents, the invention also provides the capability to prioritize the
gap closure or process improvement efforts based on the values of the gap closure analysis of
the individual performance parameters. In some embodiments, this invention enhances the
productivity of the users as it allows the users to monitor from their client devices which
improvement efforts should be focused on and, at the same time, decide whether or not such
mcentives are worth pursuing. In some embodiments, an analytical engincering dashboard,
or user mterface, for the performance monitoring tool provides a diagnostic tips mnterface
which is intended to suggest to the users starting points to perforra any ueeded
troubleshooting.  For inexperienced users, this diagnostic tips advisory feature acts as a
training tool and facilitates knowledge transfer. Prioritization of specifically identified
Hnprovements or initiatives can be assigned within the monitoring system to further clarity to
users expected actions.  In some embodiments, the monittoring systern of the invention
provides the diagnostic tips to the users to initiate action based on the identified improvement

effort.

DATA ACOUISITION

186337  As shown in Figure 1, which is a work flow and system diagram according to an
embodiment of the invention, the process begins with data acquisition 600, At data
acquisition step 600, relevant process performance data from a GOSP facility are retrieved
from the back-end operational systems, such as conventional plant data systems that include,
for example, PI, PMS and LIMS (lab analysis data). Some data must go through additional
calculations, while some raw data will be in easily usable form. For example, data can be
collected from an existing Pl system. In a specific example, such as wash water consumption
for desalting operations i a GOSP facility, raw data can be collected from the actual wash

water flow rate and converted into g specific consumption ratio, a calculated parameter, in an
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embodiment of system of the invention. In other KPIs, the system simply reads out from P
to be displayed in the monitoring tool. For example, power consumption from a given pump

is derived from PI directly and then it is corapared with its corresponding KPL

16634} The data acquired in data acquisition step 600 is then used i performance
parameter calculation step 610, In performance parameter calculation step 610, actual
performance parameters and target performance parameters, or KPL of key process
equipment are caleulated. In the case of actual performance data, these are typically derived
from the plant data systems, such as PI or LIMS data. However, as noted above, in several
cases, actual performance data go through detailed calculations.  Other examples of such
performance parameters that require detailed caleulations include heat exchangers UA

paramecters and compressor polytrophic efficiency parameters.

166357 In the case of target performance parameters, tormulae created for KPJ are based
on the regression analysis of the individual unit performance with respect to GOSP facility
production rates using process simulation and detail performance curves. Pararoeters where
corresponding formula are developed based on this approach include: power consumption
KPis for compressors and pumps {(oil and gas trains), wash water and demulsifier
consumption ratio, steamn consumption KPI mn ot} stabilizer reboiler and gas train stripper
rebotler, compressor polytrophic efficiency KPL (ol and gas trains), UA KPI for heat
exchangers, KPI correlations between H2S composition and crude yield, TEG performance
monitoring covering moisture content in dried gas, TEG circulation rate, heating temperature

requirement, and TEG losses.

PERFORMANCE GAP ANALYSIES

8636}  Once the actual pertformance is calculated and the KPI is calculated, performance
gap analysis step 620 occurs. The performance gap analysis step 620 highlights the deviation
that exists between actual performance and the KPL  Later, this deviation, or delta, serves as
an mcentive to close the gap. The larger this gap, the bigger the incentive may be for the
operation. In critical performance parameters, the performance gap (delta) can be guantified.
For example, quantification can occur in monetary values (e.g., values of energy savings),
yield gain, or resource usage optimization. In embodiments of this mvention, the provision
of the diagnostic tips in cach of the performance parameters is a starting point to carry out the

improvement efforts. The diagnostic tips advisory role feature of some embodiments of the
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mvention helps the users to avoid “shooting in the dark”™ when a process troubleshooting

effort is carried out.

18637 Gap analysis is a way 10 assess the deviation, or delta, between actual performance
paramcters and target performance parameters. In embodiments of the invention, depending
sn specific performance parameters in question, a color coded value of the delta will be
highlighted. For example, if the delta is hughlighted 1 red {(or other accepted color), the
gystem indicates that the particular performance parameter needs immediate attention to
improve. In contrast, if the delta is in green (or other accepted color), immediate attention is
not required, i.e., the performance meets or exceeds the target parameters. However, when
the delta is green, this is not an indication that the user should be in a complacent mode. The
system of the invention provides the user imcentives to strive for continuous improvement by
sutperforming the target, if possible. Additionally, the performance of one factor may be

excellent, but at the expense of other related performance KPL

[6038]  In addition, the gap analysis provides useful information as to whether the data is
suspicious or otherwise. If the delta is too high, it might indicate a possible mstrumentation
fatlure or error in data recording, thus alerting the user to pay particular attention to such a

potential issue.

166397 Additionally, there exists a possible trade off when the delta is green among certain
KPis. In one specific example of such a trade off, the crude RVP parameter shows a vahlue of
4.7 psia while the KPI is set at 5.7 psia. The delta for such KPI is displayed in green
mdicating the performance is acceptable. However, if the user clicks on the diagnostic tip
box for RVP KPI, it provides tips that show if the actual performance is better than the KPL,
then this may impact the crude AP specification KPL This highlights concerns or provides
caution on the issue and provides tips to overcome it by lowering the reboiling temperature to
raise APl Additionally, when the user looks at the API KPI, the delta is in red indicating that
the crude API specification is indecd not met, which indicates that crude value is reduced.
Such trade-offs are worth highlighting, as there exist several specifications or KPIs to be met

on the same product.

PRIORITIZING THE IMPROVEMENT

60648} In a prioritizing the improvement effort step 630, prioritization of the gap closure
etforts occurs. The number of parameters that need to be monitored is significant in any given

facilities and this makes the improvement cffort a challenge. To help users in this etffort, the

-10-
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mvention provides the capabilities to prioritize the gap closure or process improvement
etforts. For example, algorithms developed account for the percentage deviation of the
individual performance gap and then i is sorted accordingly to highlight the particular
improvement efforts that require immediate attention at a given time., The higher the value of

this percentage deviation, the higher the priority for the improvement effort to be carried out.

6841}  In some embodiments, the plurality of deviations from farget performance
parameters are determined based on a percentage deviation. In yet further embodiments, the
plurality of deviations from target performance parameters are ranked in a priority order. The
priority order can be any number of priorities as selected by the user. Exemplary priority
orders can be based on percentage deviation from the target performance parameter, the
financial improvement to be gained by reducing or eliminating the deviation from target
performance parameter, the vield improvement to be gained by reducing or eliminating the
deviation from farget performance parameter, or the resource usage improvemsent to be

gained by reducing or eliminating the deviation from target performaance parameter.

6642} In some embodiments, the invention provides the ability to prioritize all
improvement cfforts as identified during the gap analysis. Thus, the bigger the gap, the
higher the priority. In further embodiments, the prioritizing the improvement step adopts the
concept of the 80/20 rule where several selected improvement opportunities (20%) are

focused fo lead to significant (i.e. 80%;) gain or savings.

INCENTIVE CALCULATIONS

16843}  Incentive caleulations are also provided by the system to provide improvement
mcentives to the user. In some aspects, the invention provides monetary, yield, and resource
usage calculations to provide incentive to carry out process improvement or gap closure
initiatives. The monetary values are calculated mainly for encrgy saving efforts in terms of
dollars per ammum. The financial benefit will provide a driving force to carry out such a
process iraproveraent. In this way, the user can gauge how much the systera will gain or lose
if the system is improved. Other incentive calculations can be made by the system,
depending on the user’s goals.

[6044]  In an optional prioritizing energy consumption effort step 640, a second set of
priorities focused on reduced energy consurption are assessed to prioritize the gap closure or
process improvement cfforts. In some embodiments, this step occurs as part of prioritizing

the improvement effort step 630, In optional priorifizing energy consumption effort step 640,

-11-
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energy savings initiatives are implemented through an energy consumer chart, as shown in
Figure 2. In Figure 2, an exemplary hierarchy of encrgy consumption is shown and is

described in detail below.

CREATION OF BIAGNOSTICS TIPS

13345 A final step of Figure 1 is executing the improvement efforts 650 and inchudes
disgnostic tips as a starting point to guide the improvement efforts of step 630 and optional
step 640, As shown in Figure 3, diagnostic tips are developed through a series of user
implemented steps. In input step 700, experienced users of the system, such as experienced
engincers and/or operators input diagnostic tips into the system based on their trouble
shooting experience. These diagnostic tips can be specific or general. Tn review step 710, the
diagnostic tools are reviewed by subject matter experts. Review step 710 can nclude a
review for best practices, a review for practicality, a review for accuracy, a roview for
correctness, a review for compliance with safety, or any other applicable standard. In
meorporation siep 720, the diagnostic tips are incorporated into the program.  In review step
730, a review of the diagnostic tips is conducted. In somic instances, the review can ensure
compliance with current best practices, a review for practicality in view of updates to the
systern, a review for accuracy, a review of correctness, 8 review for compliance with safety,
or any other applicable standard. Based on mformation obtained in step 730, a repeat process
740 can be conducted which includes repeating steps 700, 710, and 720. As shown in Figure
3, in some embodiments, review step 730 can fead to repeating of steps 700, 710, and 728, In

other embodiments, review step 730 1s based on repeating of steps 700, 718, and 720.

[B046]  Diagnostic tips serve as a starting point for carrying out the process improverent
ctfort, There arc generally two categories of diagnostic tips: common diagnostic tips that
relate to checking for possible instrument failure or malfunction and specific diagnostic tips
that are equipment or process performance related. The diagnostic tops are action oriented
but should not replace a typical operations manual for the equipment. The diagnostic tips
serve as a guide to the user to initiate the improvement effort when the user sees potential for
mnprovement.  Exemplary diagnostic tips nclude: “Maximize individual gas turbine load
possible to avoid rumning additional gas turbine unnecessarily”; “Ensure individual gas
turbine performance is optimized and ensure minimum fuel usage for boiler”; “Cross check
performance against the recommended vendor practices”™; “Cross check the amount of fuel
gas used for other miscellancous usage such as to maintain flame at flare tip, hot standby

boilers, and others.,” The diagnostic tips direct the users perform tasks as an initial step to

-12-



WO 2014/015096 PCT/US2013/050996

execute the improvement efforts. In some embodiments, the first word in the diagnostic tip is

a verb, so as to emphasize the action oriented tips.

136471  In some embodiments, the diagnostic tips are developed based on the historical
actions that were taken by the enginecers or plant operators at a given facility, The diagnostic
tips are intended to be a starting point, but may not specify details as to particular gap
analysis. These diagnostic tips provide the check list of action items for improvement

activities to proceed.

60648} In some embodiments, diagnostic tips are specific to individual performance
parameters, For instance, when the delta indicates red (or other accepted color) in the gap
analysis, the user should click on the particalar performance parameter to determine potential
improvements that can be made to the systern. Diagnostic tips include all possible types of
mmprovement tips based on the operational experience gained by running the factlity, The
advantage of the diagnostic tips features is that the user can start focusing on improving
performance 1o a systernatic manner and remaim focused throughout the improvement efforts,

based on compiled experiences ot others.

6049} In some aspects of the mvention, while cach performance parameter KPI has s
own corresponding diagnostic tips, the KPTs can be classified into various categories, such as
energy usage optimization, yield or product gain optimization, resource optinization, and
equipment efficiency optimization. The advantage of having such classification is {o assist
the user to determine the effect of carrying out gap closure or process improvement efforts.
For example, the performance parameter of crude stabilization H28 and crude stabilization
RVP are both categorized under yield gain optimization. This means any ctforts to iraprove

these parameters will affect the yield gain specifically,

BEVELOPMENT OF CORRELATIONS

18658]  Tn some aspects, the invention provides development of correlations to calculate
KPis as a function of production flow rate. Calculations for KPI involve using both
equipment performance curves and optimized process sinulation. The data can be converted
to models via regression analysis. Calculated KPIs from the developed correlations can be
tested through a lean square it approach to determine R squared value for the models’

accurateness.
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WORK FLOWS AND ADDITIONAL BETAILS

186517  Figure 2 details an exemplary energy consumption hierarchy. Creation of such a
hierarchy enables the user to pinpoint which specific major unit coniributes o high energy
consumption at a given point in time. Thus, a user can focus on specific energy consumption
issues in the operations and identify the root cause of the high energy consumption from an
overall system perspective.  In some aspects of the invention, more detailed charts are
provided that allow the user to sce the total energy savings incentives for the facility at a
given point in time in terms of monetary values. This value provides incentive to make such
an improvement, and it justitied, the user can move down to the next layer showing which
clement of energy consumption, either fuel or power, contributes to the incentives. The user
has the ability to see the overall opportunities in energy savings offorts and decides on
improvement actions to be taken depending on the relative amount of incentives between the
two energy sources. Omce the decision is made, the user identifies the specific equipment to

be improved. The chart assists in narrowing down the search of equipment to be improved.

18652}  Furthermore, the chart as shown in Figure 2 allows the user to probe the
possibility of improvement in the specific unit via other unit performance. This inferred type
feature should enable the user to see the interactive nature of the process equipment directly.
For example, the HRSG (specific unit) s a stcam generator that uses exhaust heat from the
gas turbine as a heat source. Practically, the HRSG uses ““free” fuel to generate steam, but if
the performance of HRSG is poor at a given point in time, there will be a tendency for the
backup boiler (other unit) to ncrease its fuel consumption for steam generation. Thus, in this
case, the scope for process improvement can be inferred from other unit’s “lower”
performance to diagnose the specific unit actual poor performance. However, it is assumead

that the performance of the backup unit {other unit) is onginally at its optimum level.

(86531  As shown in Figure 4, a work flow and system diagram for assessing KPI and gap
closure assessment is provided. Data is input into the system and a performance parameter
caleulation is performed. The target KPI parameter calculation is performed in accordance
with the work flow and system diagram as shown in Figure 5. After the target and actual
performance parameter calculation are performed, a gap closure assessment is performed.
For example, if the value is less than the target performance parameter, then a yes signal
confirms that performance is acceptable and the incentive opportunity is displayed in green
{or other accepted color), If the value is not less than the target, then a no signal confirms

that performance is unacceptable and incentive opportunity is displayed in red {or other

-14-
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accepted color).  In some embodiments, the following gap parameter equation is used to
subsequently establish the relative comparison in the common denominator term (in this case
% deviation) with other performance gaps from other performance metrics to prioritize the

improvement effort:
(Gap parameter = {Value-Targety X 100%
Target

Therefore, the highest the gap parameter % for a specitic performance metric in the

performance gap Hist will be given the top priority to be timproved at that point in time,

[3684]  In some embodiments, the improvement effort is then ranked in descending order
based on the gap parameter percentage for all affecied performance parameters.  After
ranking, the improvement offort s initiated through the starting point diagnostic tips. The
tips are implemented in the ficld and the process is monifored. The steps are then repeated

until a yes signal indicating acceptable performance is produced.

[3655]  Figure 6 demonstrates the general work flow diagram showing how the KPIs are
analyzed during the gap closure assessment from the given data (PI or historian). This
flowchart is applicable for energy counsumption, equipment cfficiency, and resource
optimization performance monitoring, where the incentive for improvement in the gap
closure assessment only occurs when the actual performance paramcter exceeds s

corresponding KP{ or target parameter.

16656  Figure 5 shows an exemplary KPI correlation development Work Flow and System
Dvagram. Data can be collected, a simulation can be performed, pump and compressor
performance curves can be analyzed, and equipment data sheets can be assessed. A data
regression analysis can then be used to develop a correlation in the form of KPIx =
f(production rate). The model is then validated by analyzing R*. If R” is greater than 95%,
then the KPI model is acceptable. If the R? is not greater than 95%, then the data is checked,

and the process is repeated.

16657  Figure 5, illustrates the work flow diagram to determine the KPI correlation from
various data. Namely, Pl data, engincering specification sheets data, pumps and compressors
performance curves, and process simulation data. It is worth highlighting that the work flow
to determine the KPI in Figure 5 only covers the energy consumption and equipment

cfficiency correlations as a function of production rates.

i
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16658}  For example, a user can assess the wash water consumption target performance
parameter. If one assumes that, in an exemplary system, the current value of the wash water
consuraption ratio is 2.37 vol%, while the target or KPI is set at 2.00 vol%, then the
*Optimization Incentive” for this performance parameter is 0.37 vol% and it is indicated i
red {or other accepted color) on the user interface. This indicates an opportunity to reduce
the wash water consumption further by 0.37 vol%. The corresponding diagnostic tips to
reduce the wash water consumption will be the starting point to implement the improvement
mitiative.  Exemplary diagnostic tips for higher wash water consumption are: “Check for
typical high salt content trunklines, if target is exceeded”; “Review demmulsifier dosing

kS

requiregraent and performance”; “Check with Production Enginecring for any latest salt
analysis from cach well”; and “Assess current wash water consumption performance based

sn the above list to justify higher than KPI target consumption.”

6059 With these starting point diagnostic tips in place, the user should be able to
systematically assess the concern of higher wash water consumption and the user will remain
focused on achicving the solution to the issue. In short, the tips should drive the user to close
this gap effectively.

18668]  Another example relates to HP compressor power usage. Similarly, the same
approach for analyzing the gap performance can be seen in energy consumption. In this
exanmple, the current HP compressor power consumption is 7850 kW and the KP1 for this unit
is 6192 kW, The “Optimization Incentive” or performance gap is 1658 kW and it is indicated
on the user interface in ved (or other accepted color). To close the gap, exemplary diagnostic
tips provides the following actions to proceed for implementation: “Maximize individual
compressor capacity and where appropriate, divert HP gas to other train’s HP gas
compressor’”; “Check process performance at the affected compressors {e.g. tulet temperature
and pressure, possible MW change) against the performance curve”; “Review discharge
pressure requirement”; “Review spillback flow rate requirement to avoid surging by looking
at the reliability of the recyele valve”; “Review control logic if required”; “Check for possible
rotating equipment deficiency {e.g. seal leakage, vibration and frequency of maintenance

activities).”

b
8661}  Again, similar to the example relating to wash water consumption, these tips to
reduce power consumption in the HP compressor should drive the improvement effort
effectively.  The user can cross check the diagnostic tips to ensure that possible causes for

higher power consumption have analyzed during the improvement activity,
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16662}  On the other hand, the vield gain performance monitoring will be opposite to the
one highlighted m Figore 4. This is because it involves composition and product property
specifications that influence the product yield gain.  Practically, the crude product
composition in particular has the clement of acceptable product specification range that
covers both maximum and minimum specifications. For example, if the actual compaosition
specification s lower than the target (min), than this composition value has to be improved,
i.e. to raise the composition value to the required target as a means (o maximize yield. Butif
the actual composition exceeds the target value {(max), the product is considered an off-
specification product and this too has to be improved by reducing the actual composition

value.

130663}  Figure 6 shows an cxemplary complete cycle of KPI and gap closure assessment
for achieving contimuous improvement in terms of Yield Gain. Data is input into the system
and a performance parameter calculation is performed. The target KPI parameter calculation
is performed in accordance with the work flow and system diagram as shown in Figure 5.
After the target and actual performance parameter calculation are performed, a gap closure
assessment is performed to identify incentive opportunities (Actual performance value — KP
target value). If the value 15 less than the target, then a YES signal confirms that performance
is acceptable and the incentive opportunity is displayved in green (or other accepted color). If
the value is not less than the target, then a NO signal confirms that performance is
unacceptable and mcentive opportunity is displayed in red {(or other accepted color). In some
embodiments, the following gap parameter cquation is used to subsequently cstablish the
relative comparison in the common denominator term (in this case % deviation) with other

performance gaps from other performance metrics to prioritize the improvement effort:
Gap parameter = (Value-Target) X 1%

Targe

Therefore, the highest the gap parameter % for a specific performance metric in the

performance gap Hst will be given the top priority to be improved at that point in time.

{3664} The improvement effort is then ranked in descending order based on the gap
parameter % factor for all affected performance paramseters. After ranking, the improvement
cffort is initiated through the starting point diagnostic tfips. The diagnostic tips are
implemented in the field and the process is monitored. The steps are then repeated until a

YES signal indicating acceptable performance s produced at the gap closure assessment step.
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16665}  Figure 7 shows KPI correlation development for percentage increase in crude yield
correlation compared to erude H2S composition. A simulation model {veadily available on
the market and likely already in place at standard GOSP facilities) runs a sinulation and
develops a table of results from the simulation detailing various H2ZS ppm concentrations and
crude ol yield (MBD). From these simulation results, a table of % vield increase is
generated. A data regression analysis is performed to develop a correlation in the following

form:
Crude yield increase % = f{crude HZS composition)

[6066]  The model is then validated by analyzing R, If R? is greater than 95%, then the
KPI model is accoptable. If the R is not greater than 95%, then the data is checked, and the

process is repeated,

[6#667]  Figure 8 shows further details of the KPI correlation development for percentage
increase in crude yield correlation compared to crude H2S composition as described in Figure
7. As shown in Figure 8, simulation results arve used to calculate a8 % yield increase, which is
then used to develop a corrclation.  In an exemplary embodiment, the correlation i1s shown in

the graph and expressed as:
Percentage crude vield increase = 6.817 x In(H2S composition in ppm) — 0.005

18668] Figure 9 shows an exemplary sereen shot of overall performance summary on a
given day., As shown, the actual values and KPI targets are identified for a number of
paramcters. The incentive opportunitics are also provided. The incentive is further shown in
terms of monetary or energy savings. The bottom portion of the screen details high priority
opportunities for growth. The overall performance summary provides the major key
performance indicators of plant performance for the whole facility in a given day. In this
snapshot, the critical performance parameters are the crude yield gains incentives from four
oil trains (B32, B33, B34, B35), NGL yield gains from two gas {rains, facility power and fucl
saving incentives in terms of monetary values, facility energy consumption performance

mndex, and the number of oif trains running.

[3669]  When a user reviews the crude vield gain incentive for this particular day, it
mdicates that the incentive opportunity {gap closure) is in red showing an opportunity to
recover more crude. The user who 1s assessing this opportunity may believe the amount to

recover is too small and may not be justified (the amount shown is only around 0.02 MBD for
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B323  Additionally, for NGL yield gain, the gap closure or incentive opportunity is showing

green, which indicates the performance is doing fine on that day.

13676]  As the user moves on to the next parameter, namely, the power and fuel saving
mcentives, and cnergy index, all the incentives or gap closure are showing red indicating
improvement opportunities.

8671 To make the user’s assessment casier, the user can review the items for value
creation opportunities {generated on the user interface in a top to least priovity hist). This
table provides the user with the items that the user needs to focus on for that day. As shown,
the top priority is to look at the total fuel consumption issue at the facility. As shown, the
facility has consumed a significant amount of fuel for that day, and if this fucl can be reduced

to its fuel consumption target, it will save the company’s fuel value around $36MM/year.

166727 Knowing this improvement incentive, the user will review the corresponding
diagnostic tips generated on the user interface. The user will note the area column indicates
the practical working area of this particular KPI.  Here, the total fuel consumption is
categorized under the facility “Utilities.” The next column is Optimization Incentive. This
column indicates the particular optimization focus that the improvement will achicve. In this
case, it will contribute to the energy opiimization benctit.  Finally, the corresponding
diagnostic tips are provided to kick-off the improveraent work with a four itern check list for

the user to start assessing.

166737 Ideally, once the assessment was made in the overall performance summary
snapshot as in Figure 9, the user should proceed with the individual process area assessment
to evaluate the detail performance parameters for the particular processing arca. Figure 10
details the KPI moniforing for the particular processing area in Ol Train 4. To ilhustrate, the
H2S content in the crude is much lower than the target by 13 ppm. The user clicks on this
performance parameter [Stab crude Prod quality H2S8] and displayed are the diagnostic tips

corresponding to this KPL Here it shows the actions to be taken to close the gap.

EXEMPLARY CALCULATIONS

[3674] Embodiments of the invention not only focus on energy consumption and
equipment efficiency, but also on vield gain and resource optimization. In some aspects of
the invention, the vield gain focuses on both crude and NGL products, while the scope of
resource optimization covers under wash water and demulsifier consumption in GOSP

operation. Exemplary calculations relating to such embodiments are detailed below.
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[8875]  For example, the KPI for crude yield gain is derived, in the form of correlation,

from the specific composition in the crude that is being monitored daily.

16676]  In some aspects, this mvention includes a calculation to estimate the crude vield
gain based on the stabilized crude H2S content.  An cxemplary correlation between the
increase in crude vield and the H2S content in the stabilized crude can be expressed {(as a

single variable to estimate the crude yield gain):
A =0.1817 x 1o(H2S coraposttion in ppm) - 0,003

Actual performance rate at the current H2S ppm (MBD)Y = {(orude rate) x {1 +

A100)

KP] performance rate at a KPI H2S target at 35 ppm (MBD) = {(crude
rateys{1.00641)

186777 These corrclations assume that the H2S ppm and C3-C4 RVP specifications go
hand in hand, as their boiling points arc very close to each other. Hence, whichever comes
first to the limit will dictate the crude specification, ultimately. In the case of particularly
sour crode otl, H2S typically reaches the limit first even though RVP is still well below the
maximum specification, partly because the crude is very sour. This yield gain correlation
itself does not involve any other variables. The performance gap can then be calculated as
follows:

Performance gap = KPI performance rate (MBD) — Actual performance rate
(MBD)
16678]  An cxample using these correlations is provided as follows., Assume the actual
performance parameter at 28 MBD with H2S 15 20 ppm. The target performance parameter is
35 ppm.  How nuich crade gain improvement mcentive is there to achieve the target

performance pararaeter?
Crude rate at 20 ppm = 280 x (1 + 0.51/100) = 281.43 MBD
Crude rate at 35 ppm = 280 x {1 + (0.64/100) = 281.792 MBD
Crude gain incentive = 281.792-281 .43 = (.36 MBD

186797 Tt should be noted that in refinery or petrochemical plants, the correlations may be

more complex than the one was developed above, as it normally relates to other composition
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parameters from various product streams, for example, in the refinery crude atmospheric
tower.
166807 A similar procedure can be used to estimate the NGL gain in NGL vield based on
propane content i the NGL product using g gas train NGL vyield correlation. In an
exemplary correlation:
B =0.0182 x (C3 content in Vol%) + 0.4175 x (C3 content in Vol%) — 14.043
Actual performance at the current C3 purity (MBD) = NGL rate x (1 + B/100)
KPI performance rate at the KPI C3 purity target (MBD) = NGL rate x {1.228645)

Performance gap = KPI performance rate (MBD) — Actual performance rate

(MBD)

16681} By example, assume the actual performance parameter at 28 MBD with O3 content
is 28vol%. The target performance paramcter is 35 vol% of C3 in NGL. How nwch

additional NGL can be recovered is the target performance paramcter is achieved?
NGLU rate at 28vol% = 28 x {1 + 11,92/100) = 31,33 MBD
NGL rate at 35vol% = 28 x (1 + 22.86/100) = 34.40 MBD

NGL gain incentive = 34 40-31 33 = 3.07 MBD

SYSTEM

[6082]  Such a facility monitoring system can include, for cxample, a comumunications
network, a plurality of client devices, and a database. The communications network can
include a telephony network, a wireline network, a wireless network, a wide area network, a
local area network, an infrared network, a radio-frequency network, an optical network, or
any othor commmunications network now or hereinafier created as is known and undersiood by
those skitled in the art. Each of the client devices allows a human user, such as an operator or
engineer, to mteract with the facility monitoring system. Any human being can be a human
user. Fach of the chent devices allows such a buman user, for example, to select a
performance parameter and review the deviations from the tfarget performance parameters,
improvement mcentives assoctated with reducing the deviations from the target performance
parameters, and reviewing diagnostic tips for tmproving the performance parameters, as is

described herein.
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[6683] In some embodiments, componenis are integrated info a web-based, multi-tier
architecture that permits scalability and optimizes processing performance. XH{J conneets to

the back-end systems through the XHQ Connector Framework,

[6684]  Figure 11 shows an embodiment of the logical connections between the data
sources such as Plant Information (PI), the XHQ application, and end-users. The potential
chients of embodiments of the system mclude PDA devices with Wifi capability 1110, We
Browsers/Enterprise Portale 11206, MS Excel Add-ins 1130, XHQ Solution clients 1140,
XMEL/HTML 1130, and email clients 1160,

[6685]  As shown in Figure 11, XHQ servers 1180, 1190, 1210 are used to distribute
functionality and to scale implementations. XHQ server 1180 is a XHQ Enterprise server.
XHQ server 1190 1 2 XHQ Solution server with a real time data cache 1191 and a relational
data cache 1192, XHQG server 1210 is a XHQ Alert Notification server, Third party server
1170 is also present in the system. Calculation engine 1200 serves as an engine for

performing calculations for the system.

[B886]  Connections between XHQ and back-end systems are vital, XHQ 1s designed to
accept data from any current middleware or integration products that an enterprise might
need. In this way, back-end systems 1220, 1230, 1240, 1250, 1260, and 1270 do not need
modifications to facilitate their providing information into XHQ. The XHQ Connector
Framework serves to abstract the data in back-end systems, ensuring that the type and styles
or the access and protocols are not a concern to end users or the XHQ view developers. An
XHQ connector can access at least three categories of data: Point data which includes single
values from data acquisttion services and sutomation systerns; Collection data which arc a set
of values that are retrieved to meet the re-defined paramcters; and Time-series-based data
from historical data systems or predictive data engines that store the changes in data values
over time periods. XHQ can extract these types of data from relational database systems,
from proprictary systems through dedicated APls (application programmer interfaces), or
through object interface mechanisms provided by CORBA and Microsoft DCOM. In the
embodiment shown in Figure 11, the back end operation systems include time series data
1220, Real timae point data 1230, Relational Database 1240, Enterprise Application 1250,

customer connector 1260, and Remote XHQ solution 1270,

16687}  Each of the phurality of client devices can be, for example, any type of stationary or

portable personal computing device such as a desktop computer, laptop computer,
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microcomputer, minicomputer, netbook computer, ultra-mobile computer, tablet computer,
handheld computer, wmobile telephone, personal digital assistant (PDA), so-called
"smartphone,” or any other computing device miended to be operated directly by an end user
with no intervening computer operator as is known and understood by those skilled in the art.,
Fach of the plurality of client devices can include, for example, a keyboard, a mouse, a
graphical user interface device, a display, a microphone, electronic speakers, a modem, a
LAN card, a computer graphics card, a printer, a scanner, a disk drive, a tape drive, a camera,
a Wi-Fi card, a PCMCIA card, or any other peripheral device as is known and understood by
those skilled n the art.  If the producer computer is a mobile device, as is known and
understood by those skilled in the art, the mobile device can inchude, but is not Hmited to, a
cellphone device, a handheld device, a handheld computer, a palmtop, a handheld device, or
any other mobile computing device. Such a mobile device can also include, for example, a
display screen with a touch input user interface or a miniature keyboard, or a touch-screen
interface. A PDA can include, for example, a processor, memory, an input device, and an
output device. Additionally, a PDA, for instance, can include a palmtop computer, a
smartphone, a palm device, a portable media player, a Wi-Fi enabled device, a global
posifioning system device, or any other handheld computing device now or hereinafter
developed as is known and understood by those skilled in the art. Embodiments having one
or more producer compuiers as a laptop computer include, for example, the Appie MacBook,
MacBook Air, and MacBook Pro product families, the Dell Inspiron and Latitude product
familics, the Lenovo ThinkPad and IdeaPad product famulies, the Panasonic Toughbook
product familics, and the Toshiba Satellite product familics, Examples of embodiments
having one or more client devices as a smartphoune include, for example, the tPhone series by
Apple Computer, Inc. of Cupertino, California and the Droid by Motorola, Ine. of

Schaumburg, 1Hinois.

{3088}  The client device can include a graphical user interface device. The graphical user
mnterface device can include, for example, a CRT monitor, 3 LCD mowmtor, a LED monitor, &
plasma monitor, an OLED screen, a television, a DLP monitor, a video projection, a three-
dimensional projection, a holograph, a touch screen, or any other type of user interface which
allows the one of the plurality of users to interact with one of the plurality of client devices

using images as is known and undersiood by those skilled in the art.

16689 According to various coxemplary embodiments of the present imvention, the

databasc can be any database structure as is known and understood by those skilled in the art.
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The databases discussed herein, can be, for example, any sort of organized collection of data
i digital form. Databases can include the database structure as well as the computer
programs that provide database services fo other conmputer progrars of computers, as defined
by the client-server model, and any computer dedicated to running such computer programs
(i.e., a database server). An exemplary database model, for example, is Microsoft SQL
Server 2008 R2. Databases can include a database management system (DBMS) consisting
of software that operates the database, provides storage, access, security, backup and other
facilities. DBMS can support multiple query languages, including, for example, SQL,
XQuery, O0L, LING, JDOQL, and JPAQL. Databases can implement any known database
model or database models, meluding, for example, a relational model, a hievarchical model, a
network model, or an object-oriented model. The DBMS can include Data Definition
Language (DDL) for defining the structure of the database, Data Control Language (DCL) for
defining security/access controls, and Data Manipulation Language (DML} for querying and
updating data. The DBMS can further inchude interface drivers, which are code libraries that
provide methods to prepare statements, execute statements, fetch results, etc. Examples of
iterface drivers inchude ODBC, IDBC, MySQL/PHP, FireBird/Python, DBMS can further
imchide a SQL engine to interpret and execute the DL, DCL, and DML statements, which
mchudes a compiler, optimizer, and executor. DBMS can further include engine 3 transaction
engine to ensure that multiple SQL statements either succeed or fail as a group, according to
application dictates. DBMS can further include a relational engine to irplement velational
objects such as Table, Index, and Referential integrity constraints, DBMS can further include
a storage engine to store and retricve data from secondary storage, as well as managing

transaction commit and roliback, backup and recovery, ctc.

18698]  Data stored n fields of the databases can be updated as needed, for example, by a
user with administrative access to the database to add new data to the libraries in the database
as they becomse supported. It will be appreciated by those having skill in the art that data
described herein as being stored in the databases can also be stored or maintained in non-
transitory memory and accessed among subroutines, functions, modules, objects, program
producis, or processes for example, according to objects and/or variabies of such subroutines,
fanctions, modules, objects, program products or processes. Any of the fields of the records,
tables, libraries, and so on of the database can be multi-dimensional structures resembling an

array or mairix and can include values or references to other fields, records, tables, or
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libraries. Any of the foregoing fields can contain either actual values or a link, a join, a

reference, or a pointer (o other local or remote sources for such values,

13691}  The database can be, for example, a single database, multiple databases, or a
virtual database, including data from mulbtiple sources, for example, servers on the World
Wide Web., According to various exemplary embodiments of the present invention, for
example, the database can include a phurality of databases. An exemplary database is the
performance parameters database which can be configured, for example, to store any data
related to performance parameters, including target parameters and historical actual
parameters, and any other information related to a GOSP facility, as is known and understood

by those skilled in the art.

16692]  As used heremn, the processor can mclude, for example, one or more
microprocessors, microcontroliers, and other analog or digital circuit components configured
to perform the functions described herein. The processor is the "brains” of the respective

computer and as such, can execute computer program product or products,

[6893]  The processor can be any commercially available terminal processor, or plurality
of terminal processors, adapted for use in or with the GOSP monitoring system.  The
processor can be, for example, the Intel® Xeon® multicore terminal processors, Intel®
micro-architecture Nehalem, and AMD Opteron™ multicore fernunal processors, Intel®
Core® multicore processors, Intel® Core 2 Duo ® multicore processors, and other processors
with single or multiple cores as is known and understood by those skilled in the art. The
processor can be operated by operating system software installed on memory, such as
Windows Vista, Windows 7, Windows XP, UNIX or UNIX-like family of systems, including
BSD and GNU/Limux, and Mac OS X. The processor can also be, for example the TI OMAFP
3430, Arm Cortex AE, Samsung SSPC100, or Apple A4, The operating system for the
processor can further be, for example, the Symbian OS, Apple 108, Blackberry 08, Android,

Microsoft Windows CE, Microsoft Phone 7, or PalmOS.

1094  The GOSP monitoring system can further include a non-fransifory memory or
more than one non-transitory memories {referred {0 as memory herein). The memory can be
configured, for example, to store data, including computer program product or products,
which include instructions for execution on the processor. The memory can include, for
example, both non-volatile memory, e.g., hard disks, flash memory, optical disks, and the

like, and volatile memory, e.g, SRAM, DRAM, and SDRAM as required to support

[
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embodiments of the instant invention. As one skilled in the art will appreciate, the memory
can be a motherboard or a separate component or device, e.g., tlash memory. As one skilled
in the art will understand, the program product or products, along with one or more databases,
data libraries, data tables, data fields, or other data records can be stored either in memory or
in separate memory (also non-transitory), for example, associated with a storage medium

such as a database (not pictured) locally accessible.

[60895] The memory can further include applications, drivers, modules, librarics, or
engines that allow for interactive client-side inmferface capabilities, including, for example a
web browser application, such as Microsoft® Internet Explorer® by Microsoft Corporation
of Redmond, Washington, having capabiliies for processing mnteractive content, such as
Fava, JavaScript, or Flash plug-ins or scripts. Those having skill in the art will appreciate that
interactive interfaces, such as the performance parameters interface, diagnostic tips interface,
and the improvement incentives nterface can be 1 whole or in part dynamically generated at
a server computer, and delivered to the client device in static mark-up language, such as
HTML, for display at the client device using the web browser and a display peripheral

device.

[8696] The communications network can inchude, for example, any public or private
network communication paths to support the communications sent and received between the
client device and the processor computer, including the public Internet, a private infranct, a
virtual private network (VPN) tunneled across the public Intranet, for example, using a
network security protocol, such as Netscape's Secure Socket Layer (SS5L) protocol. The
communications network can be, for example, a telecommunication network including a
wire-based telephone network, pager network, cellular network, or a combination thereof,
and a computer network., Accordingly, the communications network can be implemented, in
whole or in part, over wireless communications network, In addition, according to various
excmplary embodiments of the present invention, the wircless communications network can
be implemented over any of various wireless communication technologies, for example: code
division multiplexed access ("CDMA™), time division multiplexed access ("TDMA"),
frequency division multiplexed access ("FDMA"), orthogonal frequency division multiplexed
access ("OFDMA™), global system for mobile communications ("GSM"), Analog Advanced
Maebile Phone Systern ("AMPS"), Universal Mobile Telecommunications System ("UMTS™),
RO2.Mab/g/n ("WiFi"), World Tnteroperability for Microwave Access {("WiMAX"), or
Bluetooth.
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166977  According to various exemplary embodiments of the present invention, the server
can include any type of mainframe, physical appliance, or personal computing device such as
rack server, mainframe, deskiop coraputer, ot laptop computer, dedicated in whole or m part
to Tunning one of more services to serve the needs or requests of client programs which may

or may not be running on the same computer.

[B098] The client device can be in communication with the database, either locally
through a private LAN connection, or through a coramunications network, The database can
contain, for cxample, tables, libraries, or other data structures for performance parameters.
The performance parameters can include real time actual operating parameters, historical
operating parameters, averaged operating parameters, and any combination thereof. The
database can be, tor example, a Microsoft SQL server providing database services as an
enterprise-class server that providing reliable capabilitics when used to support web
applications.  Microsoft SQL can store, for example, all data required by the aggregator

module for administration, session state, membership, and application support.

6699} In summary, embodiments of the inveantion bring the following value creations:
facilitate daily monitoring activities with ease; integrate various calculations and data
gathering steps to allow for quick and accurate performance assessment; simphify
troubleshooting activities and provide direct suggested actions, benefifs or incentives in
quantified forny focus oriented mmprovement effort; diagnostic tips serve as good starting
point so as to avoid inefficient “shooting in the dark” problem solving; concerted effort by
the Operation, Maiutenance and Engineering (OME) team to solve the problem; case of
reporting; aceclerate knowledge transfer and/or traiming of inexpericnced users; provide

mdividual accountability; and set responsibility to ensure optimum performance operation.

[66100] The system and method of this invention allows for solving these problems in an
integrated, systematic way by providing effective monitoring capabilitics that have values

and actions associated with results.

1601011 Although the present imvention has been described in detail, it should be
understood that various changes, substitutions, and alterations can be made hereupon without
departing from the principle and scope of the mvention.  Accordingly, the scope of the
present invention should be determined by the following claims and their appropriate legal

equivalents.
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[66102] The singular forms "a", "an” and "the" inchude plural referents, unless the context

clearly dictates otherwise.

[60103] Optional or optionally means that the subsequently described event or
circumstances may or may not occur. The description includes instances where the event or

circumsiance occurs and instances where it does not occur.

[B0104] Ranges may be expressed herein as from about one particular vahie, and/or to
about another particular value. When such a range is expressed, it is to be understood that
another embodiment is from the one particular value and/or to the other particular value,

along with all combinations within said range.

(601051  As used herein and in the sppended claims, the words "comprise,” "has," and
LI PPN LA P - BTy 271 1 o { o PN Y- Tal 1t 5, have . ;
include” and all grammatical variations thereof are cach intended to have an open, non-

fimiting meaning that does not exclude additional elements or steps.

[60106] As used herein, terms such as "first” and "second" are arbitrarily assigned and are
merely intended to differentiate between two or more components of an apparatus. 1t is to be
understood that the words "first” and "second” serve no other purpose and are not part of the
name or description of the component, nor do they necessarily define a relative location or
position of the component. Furthermore, it is to be understood that that the mere use of the
term "first” and "second” does not require that there be any "third" component, although that

possibility is contemplated under the scope of the present invention.
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CLAIMS

That which is claimed is:

1. A GOSP tacility monitoring system for assessing deviations from target performance
parareters by comparing actual performance pararseters to target performance
parameters, and notifying the user of improvement incentives and diagnostic tips to
improve performance and reduce the deviations, the GOSP facility monitoring system

comprising:
one or more client devices;
ORE OF MOTS ProCessors;

non-transitory memory positioned in communication with the one or more

processors to store computer program product therein;

an input/output unit conmected to the one or more processors and the non-
transitory mermory, the input/output unit adapted to be in communication with
a plurality of back end operational systems through a network to receive a
plurality of performance parameters from the plurality of back end operational

sysiems;

one or more key performance indicator databases to associate target

performance values to operational units;

a computer program product, defining an aggregator module, stored in the
non-transitory memory and operable on the one or more processors, the
ageregator module having a set of instructions that, when executed by the one
or more processors, cause the GOSP facility monitoring system to perform the

following operations:
determining a plurality of deviations from target performance
parameters, the deviations being determuned by comparing actual
performance parameters o target performance parameters;
generating a list of deviations from target performance parameters;
generating a summary of improvement incentives based on the

deviation from a farget performance parameter, the improvement
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b

(9.

6,

~J

incentives including financial improvement, yield improvement, or

resource usage optimization; and

generating a user imterface to display at one or roore chient devices, the
user interface allowing a user to monitor the performance parameters
of the GOSP facility, the user interface including a performance
parameters interface, improvement incentive interface, and diagnostic

tips interface.

The GOSP facility monitoring system of Claim 1, wherein the user mterface allows
the selection of a performance parameter to be improved and generates a display of
the financial improverent to be gained by improving the performance parameter to be

mproved.

The GOSP facility monitoring system of Claim 1, wherein the user interface allows
the selection of a performance parameter to be improved and generates a display of
the vield mmprovement to be gained by improving the performance parameter to be

improved.

The GOSP facility monitoring system of Claim 1, wherein the user mterface allows
the selection of a performance parameter to be improved and generates a display of
the resource usage improvement to be gained by improving the performance

pararoeter to be improved.

The GOSP facility monitoring system of any of the preceding Claims 1-4, wherein the
plurality of deviations from target performance parameters are determined based on a

percentage deviation.

The GOSP facility monitoring system of any of the preceding Claims 1-3, wherein the
plurality of deviations from farget performance parameters are ranked in a priority
order.

The GOSP facility monitoring system of Claim 6, wherein the ranking in a prionity
order 18 based on the percentage deviation.

The GOSP facility monitoring system of Claim 6, wherein the ranking in a priority
order is based on the financial improvement to be gained by reducing the deviation

from target performance parameter.
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10.

if.

i2.

i4.

The GOSP facility monitoring system of Claim 6, wherein the ranking in a priority
order is based on the vield improvement to be gained by reducing the deviation from

target performance pararocter.

The GOSP facility montioring system of Claim i, wherein the user interface allows
the selection of a performance parameter to be improved and generates a list of
diagnostic tips to aid the user in improving the performance parameter to be

improved.

A computer storage medium having a computer program stored therein including a set
of instructions that when executed by one or more processors cause the one or more

processors to perform the operations of

determining a plurality of deviations from farget performance parameters, the
deviations being determined by comparing actual performance parameters to target
performance parameters;

generating a list of deviations from target performance parameters;

determining a priority order for the phwality of deviations from target
performance parameters;

generating a sununary of improvement incentives based on the doviations
from target performance parameters, the improvement incentives including financial
improvement, yvield improvement, or resource usage optimization; and

generating a user interface to display at one or more client devices, the user
mterface allowing a user to monitor the performance paramcters of the GOSP facility;

generating a list of diagnostic tips for addressing the deviations from target
performance parameters in the determined priotity order.
The computer storage medium as defined in Claim 11, wherein the plurality of
deviations from target performance parameters are ranked in a priority order.
The computer storage medium as defined in Claim 12, wherein the rapnking in a
priority order is based on the percentage deviation.
The computer storage mediom as defined in Claim 12, wherein the ranking in a
priority order is based on the financial improvement to be gained by reducing the

deviation from target performance parameter,
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15.

i6.

19.

The computer storage medium as defined in Claim 12, wherein the ranking in a
priority order is based on the yield mmprovement to be gaimed by reducing the

deviation from target performance parameier,

The computer storage medium as defined in Claim 12, whercin the ranking in a
priority order is based on resource usage improvement to be gained by improving the

performance parameter to be improved.
A method of using the facility monitoring system of Claim 1, comprising the steps of:
a user montioring the user inferface;

the user interface displaving an improvement opportunity based on a deviation

from a target performance parameter; and

the user interface displaying diagnostic tips to reduce the deviation from the

target performance parameter.

The method of Claim 17, further wherein the user takes action based on the diagnostic

tips provided and reduces the deviation from a target performance parameter.
The method of Clatm 17, further comprising the step of:

the user interface displaying an improvement incentive in terms of financial
gain, vield gain, or resource usage optimization.
The method of Claim 17, further comprising the step of:

the user interface displaying a plurality of improvement opportunitics based on
deviations from target performance parameters; and

the user interface displaying a priority list of parameters for the user to address
based on a priority order of the improverent opportunitics based on percentage

deviations from target performance parameters.
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