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CONTROL ASSET COMPARATIVE 
PERFORMANCE ANALYSIS SYSTEM AND 

METHODOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/969,102, ?led Aug. 30, 2007, 
Which is incorporated by reference in its entirety. This appli 
cation is a division of US. Non-Provisional application Ser. 
No. 13/195,988, ?ledAug. 2, 2011, Which is incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The invention relates to a system and method for 
measurement and comparative performance analysis of 
assets for production facilities. 
[0004] 2. Background Summary 
[0005] Manufacturers make large investments in assets, 
e.g. personnel, instruments and equipment, ?eld Wiring, 
operator interfaces, automation systems, computers and soft 
Ware applications, to maximize pro?ts and to improve safe 
operations, the bene?ts of Which include better control of 
production rates, higher quality products manufactured by 
their production facilities With loWer production risks and 
improved safety. 

BRIEF SUMMARY OF THE INVENTION 

[0006] A system and method for measurement and com 
parative performance analysis for production environments is 
provided. In a manufacturing plant, control assets can have 
varying degrees of success in control performance depending 
on several factors including but not limited to: the mechanical 
integrity of the process equipment being controlled, the selec 
tion of the control assets employed, the mechanical integrity 
of the assets, the accuracy and reliability of the data provided 
by the instruments, the design and control strategies used, the 
capabilities of the softWare used to express the control strat 
egies, the skills of the people responsible for maintaining the 
assets, the tuning of the adjustable parameters in the softWare, 
and the tuning of the adjustable hardWare setting of the ?nal 
control element instruments. The manufacturing facility’ s 
production capacity, quality and yield are affected by the 
varying performance of the control assets. 
[0007] Previously, companies have experienced a long felt 
and unmet need to evaluate the effectiveness of assets and to 
compare the performance of the assets to those employed by 
their competition in order to identify their competitive posi 
tion, to evaluate opportunities to maximiZe their current 
investments, and to evaluate the opportunity to improve their 
competitive position by making neW asset investments. 
[0008] Overall product quality, production rates, ef?cien 
cies, and yields produced are not solely dependent on the 
control assets performance. In the context of a manufacturing 
facility, the quality of the raW materials used to produce 
products Will also impact ?nal product measurements. In 
addition, the consistency and smoothness of the operation of 
the facility has a direct impact on the amount of variation that 
is imposed on the manufacturing process. These process 
variations can result in loWer production, loWer product qual 
ity, and loWer e?iciency unless eliminated by the control 
assets. 
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[0009] Control assets are not capable of eliminating an 
in?nite amount of process variation imposed by the variabil 
ity of the process, but can reduce the negative impacts to the 
greatest extent possible. Previously, there Was no systematic 
and universally comparable method (1) to assess control asset 
performance by Way of measuring the effectiveness of the 
reduction of variation achieved by the control assets, (2) to 
separate the ?nancial gains that could be achieved by improv 
ing the process variation, or (3) to determine the effectiveness 
to Which the variation can be rejected by the control assets. 
[0010] The separation of the process variation impacts 
from the control assets capability to reduce the impacts has 
important implications on the costs to improve performance. 
Process variation can often be reduced by loW or no cost 
changes in operating practices and procedures, Which serve to 
reduce the process variation if the impact of these variations 
can be measured and evaluated. 

[0011] LoW or no capital cost improvements in control 
performance can also be achieved by tuning existing control 
assets. Controls are often “de-tuned” to move less aggres 
sively, in order to satisfy personnel’s desire for sloW and 
understandable changes. This de-tuning serves to improve 
acceptance of the closed loop operation of the control appli 
cation mechanism, system, or device. In a manufacturing 
plant, operators are often empoWered to put the controller in 
“open loop,” or otherWise defeat the action of the controller, 
if they are uncomfortable With the aggressiveness or ef?cacy 
of the controller’s actions. De-tuning typically results in 
loWer performance and higher process variability. The degree 
to Which operators accept aggressive tuning is individualistic. 
Thus, controls often have the capability to reduce variability 
if more aggressively tuned. In accordance With the present 
invention, improved tuning of the existing control assets can 
be achieved if the impact can be measured and effectively 
communicated. 
[0012] Altemately, neW, or upgrades to, control assets 
could be employed to increase performance, resulting in 
increased capital costs. Without separation of the process 
variation impact from the control performance impact, 
expensive investments might be made in control assets Which 
might not result in the improvements targeted. For example, a 
neW control application costing over one million US dollars 
might be installed to reduce variation When simple actions to 
reduce process variation and tune existing controls may have 
been just as effective at little or no capital cost. 

[0013] Expensive neW control application mechanisms, 
systems, and devices can also fail due to unrealistic expecta 
tions of the amount of variation reduction, resulting in disap 
pointment and potential failure. If realistic expectations can 
be set initially, then a reasonable combination of operational 
changes and control application mechanisms, systems, or 
devices can be designed With realistic expectations for 
improvements. In accordance With the present invention, by 
comparing the degree of variation reduction targeted by the 
proposed neW controls to the degree of variation reduction 
achieved by the leaders in the industry, a realistic expectation 
of improvement can be set. This can only be accomplished if 
the variation reduction due to controls can be separated from 
the degree of variation imposed by the inputs to the process. 
[0014] Similarly, neW control application mechanisms, 
systems, or devices have been installed because management 
felt that advanced controls must surely be required for the 
type of process being controlled. Management, in the absence 
of the objective measurements of the variability levels and 
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reduction that is achievable through the use of the method and 
system according to the present invention, often thinks in 
terms of an “automation gap.” The shorthand for this auto 
mation could be described as follows: “The competition has 
control assets employed that We do not, therefore We need 
them, too.” When the expensive control investment is 
installed, management is disappointed to ?nd that little 
improvement is achieved. Within a short time the control 
asset is abandoned, and the project is considered a failure. If 
an objective measurement of the process variability Were 
available initially, management Would have learned that the 
present product variation compares Well With the competition 
despite having only simple controls. In a manufacturing plant, 
use of the present invention Would have revealed that this is 
because the raW materials, operating practices, and process 
variation is small, resulting in little variation to be rejected, 
and therefore no need for expensive advanced controls. 

[0015] The converse can also occur, Where management 
has had little success With control applications, and as a result 
they fail to make critical control asset investments. The com 
petition can gain a signi?cant advantage in this case. 

[0016] The separate identi?cation, comparison, and assess 
ment of economic opportunity alloWs for reduction of varia 
tion in performance. The folloWing description is given in the 
context of the oil re?ning industry. HoWever, the method and 
system are universally applicable With easy extension of the 
metrics and methodology into any production environment, 
including but not limited to: poWer generation and transmis 
sion; pharmaceutical manufacturing; food and beverage 
manufacturing; the pulp and paper industry; petrochemical 
manufacturing; organic and inorganic chemical manufactur 
ing; the polymers and plastics industry; the operation of 
industrial, poWer and marine boilers; automotive manufac 
turing; internal combustion engine control; medical equip 
ment manufacturing; metals and mining industry; packaging; 
mail and package processing; construction; project develop 
ment; and transportation; as Well as, a host of other industry 
and business applications. 

[0017] According to one (or an) embodiment, a system and 
method is disclosed for comparative operational and process 
control performance analysis of industrial process units using 
unique algorithms, graphical presentation methods and eco 
nomic gap calculations all based on reduction of process 
variability. While the process and manufacturing facility in 
several embodiments pertain to the hydrocarbon and chemi 
cal process industries, the present invention applies to control 
assets generally and include but are not limited to sales, 
marketing, transportation, project development, and con 
struction applications as Well. 

[0018] Embodiments of a method relate to the various 
re?ning process unit types, including, but not limited to, 
crude distillation, vacuum distillation, catalytic reforming, 
catalytic cracking, hydrocracking, hydrotreating, and 
delayed coking Direct extensions of the method in re?ning 
alone include: visbreaking, thermal cracking, hydrogen gen 
eration, hydrogen puri?cation, MTBE production, Alkyla 
tion, lsomeriZation, desulfuriZation, sulfur recovery, tail gas 
recovery, sulfuric acid generation, asphalt and bitumen pro 
duction, coke calcinators, desalination, CO2 liqui?cation, 
cumene, cyclohexane, hydrodealkylation, toluene, xylene, 
paraxylene, ethybenZene, deisopenaniZer, deisohexaniZer, 
dehaptaniZer, alkyate/reformate splitter, solvent deasphalt 
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ing, aromatic solvent extraction, extractive distillation, calici 
nation, and propane/propylene splitting among other re?ning 
processes. 
[0019] One embodiment is a computer-implemented 
method for determining the amount of induced variability of 
variables in a process comprising the steps of: collecting a 
plurality of datasets of input variable values and output vari 
able values; calculating standard deviations for each of the 
datasets of input variable values and output variable values; 
and determining induced variability of each of the datasets of 
output variable values. 
[0020] Another embodiment is a computer-implemented 
method of automating the presentation of advice on process 
control asset performance comprising the steps of: collecting 
a plurality of datasets of input variable values and output 
variable values; calculating standard deviations for each of 
the datasets of input variable values and output variable val 
ues; calculating induced variability of each of the datasets of 
output variable values; calculating output variability of each 
of the datasets of output variable values; calculating a reduc 
tion in variability for at least tWo processes; and generating 
advice based on the calculated induced variability, calculated 
output variability, and reduction in variability of a target 
process. 
[0021] Another embodiment is a computer-implemented 
method of automating the presentation of advice on control 
asset performance comprising the steps of: selecting a set of 
input variables; selecting a set of output variables, Wherein 
the variability of the selected output variable values is 
affected by the variability of the selected input variable val 
ues; collecting a plurality of datasets of input variable values 
and output variable values for the input variables and the 
output variables; processing the input variable values and the 
output variable values to remove outliers; Wherein the pro 
cessing comprises: removing data errors; calculating stan 
dard deviations for each of the processed datasets of input 
variable values and output variable values; estimating com 
bined variability of each of the processed datasets of input 
variable values; calculating induced variability of each of the 
processed datasets of output variable values; calculating out 
put variability of each of the processed datasets of output 
variable values; calculating variability ratio for each of the 
processed datasets of output variable values; calculating the 
overall induced variability for at least four processes; calcu 
lating the overall output variability for at least four processes; 
calculating the overall reduction in variability for at least four 
processes; rank ordering the processes by overall induced 
variability and overall output variability; separating the pro 
cesses into at least one category based on at least one overall 
variability, Wherein the categories comprise: quartiles based 
on overall induced variability, and quartiles based on overall 
output variability; constructing a graph of the processes units 
With at least one category displayed, Wherein the graph com 
prises: lines dividing the processes into quartiles by overall 
induced variability, lines dividing the processes into quartiles 
by overall output variability, and radial lines extending from 
the origin dividing the processes into quartiles by overall 
reduction in variability; displaying the overall induced vari 
ability and overall output variability of a target process on the 
graph; and generating advice based on the category of the 
target process. 
[0022] Yet another embodiment is a system comprising: a 
server, comprising: a processor, and a storage subsystem; a 
database stored by the storage subsystem comprising: input 
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and output data; a computer program stored by the storage 
subsystem, When executed causing the processor to: collect a 
plurality of datasets of input variable values and output vari 
able values; calculate standard deviations for each of the 
datasets of input variable values and output variable values; 
and determine induced variability of each of the datasets of 
output variable values. 

[0023] Another embodiment is a system comprising: a 
server, comprising: a processor, and a storage subsystem; a 
database stored by the storage subsystem comprising: input 
and output data; a computer program stored by the storage 
subsystem, When executed causing the processor to: collect a 
plurality of datasets of input variable values and output vari 
able values; calculate standard deviations for each of the 
datasets of input variable values and output variable values; 
calculate induced variability of each of the datasets of output 
variable values; calculate output variability of each of the 
datasets of output variable values; calculate a reduction in 
variability for at least tWo processes; and generate advice 
based on the calculated induced variability, calculated output 
variability, and reduction in variability of a target process. 

[0024] Another embodiment is a system comprising: a 
server, comprising: a processor, and a storage subsystem; a 
database stored by the storage subsystem comprising: input 
and output data; a computer program stored by the storage 
subsystem, When executed causing the processor to: select a 
set of input variables; select a set of output variables, Wherein 
the variability of the selected output variable values is 
affected by the variability of the selected input variable val 
ues; collect a plurality of datasets of input variable values and 
output variable values for the input variables and the output 
variables; process the input variable values and the output 
variable values to remove outliers, Wherein the processing 
comprises: removing data errors; calculate standard devia 
tions for each of the processed datasets of input variable 
values and output variable values; estimate the combined 
variability of each of the processed datasets of input variable 
values using the calculated standard deviations; calculate the 
induced variability of each of the processed datasets of output 
variable values using the calculated standard deviations; cal 
culate the output variability of each of the processed datasets 
of output variable values using the calculated standard devia 
tions; calculate the variability ratio for each of the processed 
datasets of output variable values using the induced and out 
put variabilities; calculate the overall induced variability for 
at least four processes using the induced variability of the 
processed datasets; calculate the overall output variability for 
at least four processes using the output variability of the 
processed datasets; calculate the overall reduction in variabil 
ity for at least four processes using the induced and output 
variabilities; rank order the processes by overall induced vari 
ability and overall output variability; separate the processes 
into at least one category based on at least one overall vari 
ability, Wherein the categories comprise: quartiles based on 
overall induced variability, and quartiles based on overall 
output variability; constructing a graph of the processes With 
at least one category displayed, Wherein the graph comprises: 
lines dividing the processes into quartiles by overall induced 
variability, lines dividing the processes into quartiles by over 
all output variability, and radial lines extending from the 
origin dividing the processes into quartiles by overall reduc 
tion in variability; display the overall induced variability and 
overall output variability of a target process on the graph; and 
generate advice based on the category of the target process. 
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[0025] Another embodiment is a computer-implemented 
method for estimating energy savings for a process compris 
ing the steps of: collecting a plurality of datasets of input 
variable values; calculating the standard deviations for each 
of the processed datasets of the input variable values; collect 
ing a set of standard deviation benchmarks corresponding to 
at least one input variable; calculating a difference betWeen 
the standard deviation of at least one input and at least one 
corresponding standard deviation benchmark; and estimating 
the savings related to the difference. 
[0026] Another embodiment is a system comprising: a 
server, comprising: a processor, and a storage subsystem; a 
database stored by the storage subsystem comprising: input 
and output data; a computer program stored by the storage 
subsystem, When executed causing the processor to: collect a 
plurality of datasets of input variable values; calculate the 
standard deviations for each of the processed datasets of the 
input variable values; collect a set of standard deviation 
benchmarks corresponding to at least one input variable; 
calculate the difference betWeen the standard deviation of at 
least one input and at least one corresponding standard devia 
tion benchmark; and estimate the savings related to the dif 
ference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] These and further features Will be apparent With 
reference to the folloWing description and draWings, Wherein: 
[0028] FIG. 1 is a How chart illustrating one embodiment of 
a method to calculate production unit variability metrics. 
[0029] FIG. 2 is a diagram of one embodiment of an 
induced variability gain magnitude matrix construction for a 
crude unit. Similar induced variability gain magnitude matrix 
constructions have been reduced to practice for all major 
re?nery process units. Similar constructions are contem 
plated for all major process units in all continuous and dis 
continuous process operations. 
[0030] FIG. 3 is a How chart of an embodiment of a method 
to calculate the gain magnitude values in any induced vari 
ability gain matrix. 
[0031] FIG. 4 is a diagram illustrating an embodiment of a 
method to obtain initial estimates of variability gains by 
examination of the boiling point curves of various re?nery 
crude feeds. 
[0032] FIG. 5 is a diagram shoWing an embodiment of a 
method of analysis of process improvements by use of a 
variability metrics. 
[0033] FIG. 6 is a diagram illustrating exemplary economic 
yield bene?ts that can be estimated through the use of the 
novel metrics of the disclosed embodiments. 
[0034] FIG. 7 is a diagram illustrating exemplary economic 
energy bene?ts that can be estimated through the use of the 
novel metrics of the disclosed embodiments. 
[0035] FIG. 8 is a diagram illustrating an embodiment for a 
crude unit of the unique Variability Graph Which utiliZes the 
novel metrics of the disclosed embodiments to easily visual 
iZe and diagnose the overall performance of crude units. 
Similar Variability Graphs have been reduced to practice for 
all major re?nery process units. Similar constructions are 
contemplated for all major process units in all continuous and 
discontinuous process operations. 
[0036] FIG. 9 is a diagram illustrating an embodiment of a 
system, Which includes the hardWare and softWare engines 
that implement the embodiment. 
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[0037] FIG. 10 is a diagram illustrating a vector represent 
ing total variability on the Variability Graph. 

BRIEF DESCRIPTION OF THE TABLES 

[0038] These and further features Will be apparent With 
reference to the following description and tables, Wherein: 
[0039] TABLE 100 shoWs exemplary industry process 
input data parameters collected to support creation of the 
novel metrics of the disclosed embodiments. 
[0040] TABLE 200 shoWs exemplary industry process out 
put data parameters collected to support creation of the novel 
metrics of the disclosed embodiments. 
[0041] TABLE 300 shoWs exemplary industry process data 
observation datasets of inputs and outputs output data col 
lected to support creation of the novel metrics of the disclosed 
embodiments. 
[0042] TABLE 400 shoWs exemplary induced variability 
gain magnitude matrix inputs and outputs for various re?nery 
process unit types. 
[0043] TABLE 500 shoWs exemplary automated advice 
that can be delivered based on the uni?ed overall metric 
Vo-Vi-Vrr. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0044] Unit is broadly de?ned as a distinct entity Within a 
larger group, such as operating entities Within a facility or 
business setting. Examples of units include electric poWer 
generators, chemical reactor vessels, pharmaceutical produc 
tion lines, and package delivery systems. 
[0045] One embodiment of the method, shoWn in FIG. 1, 
involves the use of a database that contains unit level process 
operating data for generating a comparison. The process 
parameters for Which data is collected are identi?ed in Table 
100 and Table 200. 
[0046] In step 100, historical process data are extracted for 
the target unit as de?ned in Table 100 and Table 200. The data 
are gathered for a multiplicity of data set observations of 
real-time uncompressed operational data from the target pro 
cess (three or more data sets are preferred, but only one is 
needed). In a preferred embodiment, a minimum of three data 
sets are collected, each covering time frames de?ned in Table 
300. The time frames for data collection can vary from those 
shoWn in Table 300. Data quantity can be as loW as one single 
complete set of inputs and outputs. 
[0047] A multiplicity of data sets is collected during “Nor 
mal State” operations, de?ned as a period of time in Which the 
unit is operating normally Without large process disturbances. 
One embodiment uses three data sets When the data are manu 
ally collected. For applications in Which the data are collected 
automatically, any number of observations can be collected 
up to and including continuous data collection. 
[0048] For crude and vacuum re?ning units, a second mul 
tiplicity of data sets is collected during crude sWitch opera 
tions, de?ned as that period of time in Which the crude oil 
charge is being changed from one crude source to another, 
accompanied by a change in density and composition mea 
sured in API (a standard measurement of crude density) or 
speci?c gravity. These data are handled in a separate metric 
for crude sWitch performance. Note that crude sWitch obser 
vations can be collected for other highly affected units in a 
re?nery, such as gas processing plants, desalters, etc. Crude 
and vacuum re?ning units have been reduced to practice. 
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[0049] For delayed coking units, a second multiplicity of 
data sets is collected during drum sWitch operations, de?ned 
as that period of time in Which the coking drum, Which feeds 
the main fractionator is being sWitched from one drum to 
another. These data are handled in a separate metric for drum 
sWitch performance. 
[0050] In step 200, the data are examined and preprocessed 
to assure the input information is valid. This step includes 
analysis of the values to assure the values are reasonable, the 
values are of the right order of magnitude, and the raW process 
data do not contain instrumentation or data recording abnor 
malities such as “spikes.” Spikes are events in Which the data 
for one observation shoW an inordinately large or small read 
ing and immediately return to a reasonable range. If the 
abnormality indicates a change that is physically impossible 
for an actual operating unit to have actually experienced, then 
the spike data reading is eliminated from the dataset. If the 
data values in general are not reasonable values, then the 
operating unit Which supplied the data is contacted to assure 
that the correct process parameters Were used. Preprocessing 
can be done by automated checks, or can be done manually. In 
either case, an individual With industry experience is gener 
ally used to assure the reasonableness of the data either by 
personal revieW of the data, or use of automated logic created 
by the individual With industry experience. 
[0051] Not all inputs are measured by the industry. Some 
inputs might be derived or inferred from data that is normally 
recorded. These readings are called inferred inputs. In step 
300, inferred input values are calculated. Some of these 
inferred values are industry standard calculations such as 
liquid hourly space velocity (LHSV) (calculated from reactor 
dimensions and process How rates) and catalyst loadings (the 
density of the catalyst loaded into the reaction vessel as col 
lected from the unit log data from the operations personnel). 
Other parameters such as API could be measured online but 
typically are not measured. Another embodiment is used to 
infer API, Which is described beloW. 
[0052] In step 400, pseudo set points of the input and output 
data observations are established and added to the data set. 
Typically the industry does not maintain a long term record of 
set points used. Operating units typically record the actual 
process values, but not the set points. For industries that 
maintain a history of the set points, set points are preferred for 
use. HoWever, if the set points are not recorded then they are 
estimated. There are several methods that can be used to 
estimate set points. A feW of those are given beloW: 

[0053] 1. Use actual recorded set points if they exist. 
[0054] 2. Use controller statistics that are recorded by the 

control application or external softWare applications. 
[0055] 3. Use the average value of the data during the 

observation period as the estimate of the set point. This 
typically introduces only small errors in that set points 
should not be changed minute to minute. The observa 
tions are collected during “normal state” in Which feW 
major process changes are being introduced. 

[0056] 4. Use the running average of the data as the set 
point. This poses some problems for the dynamics. 

[0057] 5. Use a running average to detect set point 
changes, and then divide the observation into time seg 
ments With different set points. For each segment use the 
average of all data in that segment as the set point esti 
mate. 

[0058] 6. Visually scan the data and assign set points 
manually. 
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This list of methods is illustrative and exemplary only. To 
assure equal treatment among all participants, since feW have 
the set point information, method 3 above is preferred. HoW 
ever, When set point information is more common in a ?eld or 
process, method 1 above Would be preferred. 
[0059] In step 500, the standard deviations of the input and 
output data deviation from the pseudo set points for each 
variable in each observation data set are calculated. 
[0060] In step 600, an estimate of the combined variability 
across the multiplicity of observations is calculated. This is 
done by combining the standard deviations from the multi 
plicity of observations into one estimate of input and output 
standard deviations to yield oX( and Vo(i). This combina 
tion may be accomplished by several methods. The methods 
beloW are illustrative and exemplary only. 

[0061] Where oXk?he standard deviation of input Xk. 
[0062] oXkn?he standard deviation of input Xk for obser 
vation period 11. 
[0063] n?he total number of observation periods 1 . . . n 

[0064] Note that When comparing similar unit opera 
tions, equation I-l is preferred. For comparing opera 
tions that are dissimilar and might have values of X that 
are an order of magnitude different betWeen various 
operating units in the population, then the coe?icient of 
variation of the input parameter oXk: [OX A] Average Xk] 
should be used. 

[0065] Where Vo(i)?he “Output variability”:Standard 
deviation of output variable 
[0066] Yi. Which equals oYi. 
[0067] OYMIthe standard deviation of output Y, for obser 
vation period 11. 

[0068] Note that When comparing similar unit opera 
tions, equations l-3 is preferred. For comparing opera 
tions that are dissimilar and might have values of Y that 
are an order of magnitude different, then the coef?cient 
of variation of the output parameterYi: [oYi/AverageYi] 
should be used. 

[0069] In step 700, the Induced Variability Vi(i) of each 
Output Variable i is calculated. This is done using a novel 
Gain Matrix Which estimates the variability of product mea 
surements from the standard deviation of the input variables 
oXk. An example gain matrix for a crude unit is given in FIG. 
2. A unique gain matrix can be developed for each unit type. 
Only the crude unit gains are given as an example. An 
example of the gains used in the gain matrix for the example 
crude unit in FIG. 2 is given in Table 400. 
The methods to develop gains according one embodiment are 
described herein. The use of a gain magnitude matrix, Which 
estimates product variations from inducing parameter varia 
tions, is a neW and novel approach. It is also convenient that 
the gains used are very similar to the gain values common in 
linear control applications, Where the magnitude is taken of 
each gain for the purpose of estimating output variability, 
Which is alWays non-negative. It is important to note that, 
unlike gain matrix applications in practice today for control 
applications (superposition of linear systems Which adds the 
gain-multiplied contributions), the individual contributions 
from the gain magnitude calculations are not summed 
directly. Instead, according an embodiment, the individual 
contributions are squared and summed appropriately taking 
into account any correlation that may exist betWeen inputs. 
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The square root of the sum is then taken. This approach may 
be referred to as “the Weighted variance approach.” 
Vil- is de?ned as the induced variability standard deviation of 
product output “i” of interest. It is an estimate of the amount 
of variability that is being caused by the variability of selected 
inputs to the process unit and: 

(I-5) 

[0070] Where: 
[0071] Gorxfgain magnitude of the unit product output i 
interest to the standard deviation of input inducing parameter 
Xk. 
[0072] o2Xkq/ariance of input Xk 
[0073] OX1 Xfcovariance betWeen inputs X1 and X] 
[0074] If the inputs, X 1 and X], are independent and subse 
quently uncorrelated observation, then: 

As an illustration, V1 could be an estimate of the amount of 
variability that is induced upon an output product property of 
interest by the variability of the key process inputs. 
[0076] In step 800, the dimensionless Variability Ratio 
Vr(o) and Variability Reduction Ratio Vrr(o) of each output 
variable of interest is calculated. 

Vri:(V0f/Vii) (1'6) 

VrrZ-II — Vrl- (I-7) 

[0077] Where VriIVariabiIity Ratio of output product 
property of interest i. 

[0078] VrrZ-IVariability Reduction Ratio of output prod 
uct property of interest i. 

Note that Vr and Vrr are dimensionless numbers as all units 
cancel out in the division. Dimensionless numbers have spe 
cial qualities for benchmarking as dimensionless measure 
ments of units of any capacity or siZe can be directly com 
pared. 
These tWo novel dimensionless parameters have speci?c 
meanings. Vr is the fraction of the induced variability that 
remains in the product. Vrr is the fraction of the induced 
variability that has been removed by the unit controls. The 
preferred method is to use Vrr as higher values relate to better 
control asset performance. HoWever, all calculations can be 
performed using Vr alone, since Vr introduces no arti?cial 
constant and therefore retains its dimensionless nature 
throughout the analysis. The constant can interfere With some 
uses of the measure, hoWever, Despite this limitation, Vrr is 
the preferred metric for communication to management, 
since it does not require the audience to think in reverse terms. 
The estimation of Vi and Vrr alloWs the separate analysis and 
management of control action from process induced variabil 
ity on a stream-by-stream, property-by-property basis regard 
less of the siZe of the units being compared. 
[0079] In step 900, the overall unit output variability per 
formance metric is calculated. Although the product stream 
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by stream and attribute by attribute metrics are very useful for 
diagnosis of methods to improve unit operations, manage 
ment has need of an overall performance metric to help under 
stand and compare the overall unit performance to competi 
tion. This is accomplished With the overall Vo metric and Vi 
metrics. 

[0080] Where Vo:overall unit output product variability 
achievement. 

[0081] V1:overall unit calculated induced variability 
[0082] Vol-:average standard deviation of the measured 

output variability observations on stream i 
[0083] Vifaverage standard deviation of the calculated 

output variability imposed by process variation obser 
vations on stream i 

[0084] fZ-Ifraction of the product stream to the agglom 
erated total production of interest. This can be mass 
fraction or volume fractions of the total production of 
interest. The preferred embodiment is the volume frac 
tion as volumes are directly measured but mass requires 
conversion of the measured values using an approxi 
mated density that introduces errors. 

Vo is the main metric for comparing units overall perfor 
mance. 

Vi is the main metric to compare the amount of variability 
induced by process operations. 
Another embodiment incorporates the importance factors by 
product variable based on economics or other criteria. This is 
a simple extension of the Weights used. 
Another embodiment uses the square root of the sum of the 
squares approach combined With the Weighted average as 
given in the equations beloW: 

Of course equation I-8A and I-9A honor the fact that the V0 
and V1 are standard deviations. 

[0085] In step 1000, the overall unit variability ratio Vr and 
variability reduction ratio Vrr are calculated. Although the 
product stream by stream and attribute by attribute metrics are 
very useful for diagnosis of methods to improve unit opera 
tions, management has need of an overall control perfor 
mance metric to help understand and compare the overall unit 
control performance of the process unit to competition. This 
is accomplished With the overall Vr and Vrr metrics. 

VrrIl- Vr (I-l l) 

[0086] Where Vr:overall variability ratio, an estimate of 
the fraction of induced variability that remains in the 
product. 

[0087] Vrr:overall variability reduction ratio, an esti 
mate of the fraction of the induced variability that has 
been removed from the product by the unit controls. 

[0088] fZ-Ifraction of the product stream i to the agglom 
erated total production of interest. 

Vrr is the preferred embodiment of the main metric for com 
paring units overall control performance. As stated previ 
ously, Vr can alternately be used for the same purpose, but 
must be understood to be the inverse of the ef?cacy of the 
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controls. Alternate embodiments include the incorporation of 
importance factors by product parameter based on economics 
or other criteria. 

An alternate embodiment of equation I-lO is to use the square 
root of the sum of the squares approach given in the equations 
beloW: 

[0089] In FIG. 3, the process for development of the key 
induced variability gains is described. The process involves 
gathering multiple sources of information to establish the 
order of magnitude of the gains, developing a trial gain set, 
and then tuning the trial gain by testing the calculated Vi 
against industry data. A ?nal gain set is then established, 
Which is used for all study participants. 
[0090] In step 2100, participation from a signi?cant portion 
of the target industry is sought to gather the operational data 
that Will be required to obtain the gains. Step 2200, Which is 
impractical in continuous, large production processes but 
may be effective in discrete manufacturing, is the step of 
requesting that industry obtain a training signal set of data for 
development of the V1 gains directly. In step 2100, industry is 
asked to put all present controllers in open loop and take no 
operator actions to reject disturbances for a period of time to 
collect the data needed to directly determine the actual gains 
betWeen input disturbances and output production. Various 
levels of deliberately introduced input disturbance might also 
be required. The data collected from such experiments creates 
a measured true collected Vi signal to train a model against. 
This creates a solid training signal. Step 2200 Would be very 
expensive for industry since it could produce loW quality 
production and might be unsafe to operate in the requested 
manner. For these reasons, step 2200 is not the preferred 
method for continuous, large production processes and may 
be skipped in those circumstances. 
[0091] When step 2200 is impractical, it must be realiZed 
that no actual training signal exists to alloW the Vi gains to be 
directly calculated. Therefore, the Vi gains must be estimated 
or inferred. This is done by gathering multiple sources of 
information from Which to construct an estimate of the order 
of magnitude of the gains, and then testing the gains by 
calculating induced variability and checking the reasonable 
ness of the results. 

[0092] In step 2300, a more reasonable approach is taken. 
Participation from a signi?cant portion of the target industry 
is sought to gather normal operating data With the unit con 
trollers in action. For the re?ning industry units, these data are 
de?ned in Table 300. The parameters to be captured are given 
in Table 100 and Table 200. The gains to be developed 
betWeen the Inputs in Table 100 and the Outputs in Table 200 
for one embodiment are disclosed. Participants are asked to 
gather the data and submit it for assembling an industry Wide 
testing data set. When a reasonable result With one set of gains 
that produces reasonable results for all participants in the 
industry training set is obtained, it Will be the gain set 
employed. 
[0093] In step 2300, participating re?neries’ crude slates 
are examined and a representative sampling of, for example, 
three to ?ve crudes are selected for development of initial gain 
magnitudes. The initial gain magnitudes are calculated from 
examination of the boiling point curves of the representative 
crudes as shoWn in FIG. 4. 

[0094] In step 2400, the literature is searched for reported 
gains from the inputs to the outputs used in actual installed 

(1-1 0A) 
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industry controllers. These gains are most often obtained 
from step tests. Since the induced variability gains should be 
very similar to the controller process control gains, the mag 
nitudes of these process gains can be used as one estimate of 
the gain magnitudes for the induced variability gains in this 
analysis. 
[0095] In step 2500, personal expert experience of opera 
tors and operations personnel is consulted to develop esti 
mates of gain magnitudes. In such intervieWs the expert may 
be asked questions such as the folloWing: “If you Were to 
increase the crude feed rate by 5,000 bpd and you did not 
increase the Naphtha draW rate, hoW much do you think the 
Naphtha draW temperature Would rise?” These anecdotal 
responses are tabulated to determine the approximate magni 
tude of the gain. The above question is an example only of the 
process of intervieWing the expert. 
[0096] In step 2600, all of the various sources of gain mag 
nitudes from steps 2100 through 2500, including those from 
other sources are examined to develop an initial starting trial 
set of gains for testing against the representative industry 
process data. 
[0097] In step 2700, the initial trial gains are tuned by 
successive testing and modi?cation against the entire data set 
of collected representative industry process data created in 
step 2200. In this process, outlier results for the estimate of Vi, 
Vr, and Vrr are examined to determine Which input is most 
responsible for the error. These are adjusted Within the rea 
sonable bounds of the gains established in step 2600. 
[0098] Once step 2700 has been repeated until the devel 
oper is satis?ed that the best possible gains has been estab 
lished, then, in step 2800, a single set of gains is established as 
the analysis gain set, and this set is applied to all participating 
process units. This is the preferred method to provide reason 
able and comparable results to all industry participants. An 
alternate embodiment is to calculate a unique gain set for each 
and every participating process unit, or unique gains for any 
selected subset of process units. 

Development of Inferred Values 

[0099] Inferred values provide input values that are key 
concepts that are not typically measured directly by instru 
ments in the industry, but can be calculated from measure 
ment that are recorded. These can be Well established ?rst 
principle concepts, laWs of physics, Well established engi 
neering design and analysis parameters, or novel or neW 
concepts or calculations that prove useful in estimation of 
variability of the output products. 
[0100] By Way of example of inferred values, examine 
Table 100, Which identi?es several inferred values. Table 100 
serves as an example only of the use of inferred values that 
Will be applied in other unit operations or other industries in 
addition to re?ning. 
[0101] For reformers and hydrotreaters, the Well estab 
lished principle of reactor liquid hourly space velocity 
(LHSV) is an inferred input. The calculation of LHSV is Well 
established in the industry and need not be explained here. It 
is calculated from reactor dimensions and catalyst loading 
and reactor feed rates Which are measured and recorded. 

[0102] For hydrocrackers and hydrotreaters, the Weighted 
Average Bed Temperature (WABT) is an inferred input, and 
the calculation of WABT is Well established in the industry. 
Often WABT is recorded directly from calculations done in 
the distributed control system or reactor temperature control 
lers; hoWever, if the WABT is not directly available, then the 
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WABT can be calculated from the individual reactor bed 
temperatures that are recorded. 
[0103] For Reforrners, the Weighted Average Inlet Tem 
perature (WAIT) of the reactors is an inferred input, and the 
calculation is Well established in the industry. Often WAIT is 
recorded directly from calculations done in the distributed 
control system or reactor temperature controllers; hoWever, if 
the WAIT is not directly available, then the WAIT can be 
calculated from the individual reactor inlet temperatures 
Which are recorded. 
[0104] For Crude and Vacuum Units, the API or density of 
the unit feed can be measured on-line but seldom is measured 
on-line in industry practice. The API is a rough measurement 
of the composition of the unit feed, and therefore is an impor 
tant input affecting the product variation and therefore should 
be inferred if not directly measured. 
[0105] The basic concept for the invention of the API stan 
dard deviation inferred value is to use the How and tempera 
ture readings of the column itself as data from a large on-line 
analyZer. Each column side draW has a knoWn product class, 
a typical draW tray temperature under atmospheric column 
pressure, and a knoWn API range. As the volume fractions of 
these draWs change, and the tray temperatures change, there is 
an implied change in the crude feed composition to the unit 
that Was required to produce these changes in distillation 
products. 
[0106] There are three complications that make it imprac 
tical to develop the standard deviation of API directly from 
the above standard industry knoWledge: 1) the overhead and 
base ?oWs are not considered, only the side draW ?oWs are 
given, thus the mass balance to the crude feed is incomplete; 
2) We are predicting the standard deviation of variation in 
API, not the API and covariance can occur; and 3) the action 
of the side draW product controllers is to manipulate the 
volume percent of the draWs to maintain target properties, and 
thus the controllers themselves contribute to the variation. 
[0107] These complications require then a empirical corre 
lation rather than a straight forWard calculation based on ?rst 
principles knoWledge. These correlations Were developed by 
a combination of ?rst principles knoWledge and regression 
against industry data on scores of atmospheric and vacuum 
units. The results have proved to be robust. 
[0108] First We Will describe the crude unit crude feed API 
standard deviation inferred value, then describe the vacuum 
unit atmospheric toWer bottoms feed API standard deviation 
inferred value. The crude unit feed API variation is inferred 
from the standard deviations of the draW tray temperatures 
and ?oWs of the column side streams as given in the equations 
beloW. 

temp 

[0109] Where OVAPIIThe inferred standard deviation of 
crude feed API. 
[0110] oVAP,(1):The inferred contribution to the standard 
deviation of the crude feed due to the standard deviation of the 
API of side stream (1) product. 
[0111] oXtemP(l):The standard deviation of the draW tray 
temperature of side stream (1) product. 
[0112] oX?0W(l)):The standard deviation of the draW How 
of side stream (1) product. 
[0113] f(l):The fraction of side stream product (1) of the 
sum of all side stream products. 
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Note that the sum does not include overhead gas or atmo 
spheric tower bottoms How. 
[0114] The standard deviation of the API of the atmo 
spheric toWer bottoms feed to a vacuum unit is inferred from 
the standard deviations of the draW tray temperatures and 
?oWs of the vacuum column side streams as given in the 
equation below. 

VAPIIEOVAPIU) (11-4) 

[01 15] Where OVAPIIThe inferred contribution to the stan 
dard deviation of the crude feed due to the standard deviation 
of the API of side stream (1) product. 
[0116] oVAP,(1):The inferred standard deviation of API of 
side stream (1) product. 
[0117] oXtemP(l):The standard deviation of the draW tray 
temperature of side stream (1) product. 
[0118] oX?0W(l)):The standard deviation of the draW How 
of side stream (1) product. 
[0119] f(l):The fraction of side stream product (1) of the 
sum of all side stream products. 

Note that the sum does not include overhead gas or vacuum 
toWer bottoms How. 

[0120] Although the preceding examples are for speci?c 
inferred inputs for speci?c units in re?ning, they are illustra 
tive and exemplary, and additional inferred calculations may 
be used for input values. 

Calculation of Performance Metrics and Gaps 

[0121] The calculated standard deviations of all input, out 
put, and variables from step 500 in FIG. 1 are gathered from 
all industry participating units. In addition, the overall per 
formance parameters, Vo, Vi, Vr, and Vrr are gathered, along 
With the individual stream performance parameters Voi, Vii, 
and Vrri. All of these are arranged in ascending order and 
divided into quartiles With Quartile 1 having the loWest varia 
tion and therefore the best performance. The average of all 
values in Quartile 1 is calculated as the base line for compari 
son. A performance gap is calculated for each input and 
output variable as the difference betWeen the individual stan 
dard deviation and the Quartile 1 average. The use of the 
Quartile 1 average is the preferred embodiment, hoWever the 
difference to the combined Quartile 1 and 2 average (top half 
average) and the difference to the study average (average of 
all values) can also be calculated and reported. While quar 
tiles are used in this embodiment, and are common in some 
industries, the overall and individual performance parameters 
may be separated into any number of divisions. 

[0122] Individual Input Variability Metrics 

QloXfAverage O'Xk ofloWest 25% ofcollected O'Xk (III-1) 

Q20XfAverage O'Xk of2"d loWest 25% ofthe col 
lected O'Xk (III-2) 

Q30XfAverage O'Xk of2"d highest 25% ofthe col 
lected O'Xk (III-3) 

Q40XfAverage O'Xk ofthe highest 25% ofthe col 
lected O'Xk (III-4) 

T 0p30X fAverage O'Xk of the loWest three collected 
O'Xk (III-5) 
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TopHalfoXfAverage O'Xk ofloWest 50% ofthe col 
lected O'Xk (III-6) 

AverageoXfAverageoXk of all collected O'Xk (III-7) 

niviua nu ariaii as 0123 Id dlIptV b1 Gp 

Gap0Xk:0Xk—Selected Variability Metric from (III-1 
to 111-7). (II-8) 

[0124] The preferred embodiment of GapoXk is to use 
the Q16 Xk, for overall gap, and to use the others to 
create intermediate gap closure goals. 

[0125] Individual Output Variability Metrics 

Q1V0i:Average V0,- ofloWest 25% ofcollected V0,- (III-9) 

Q2 Vol-:Average V0,- of 2'” lowest 25% ofthe collected 
Vol- (III-10) 

Q3 Vol-:Average V0,- of 2'” highest 25% ofthe col 
lected Vol- (III-11) 

Q4V0i:Average V0,- ofthe highest 25% ofthe col 
lected Vol- (III-12) 

Top3 Vol-:Average Vol- of the loWest three collected Vol- (III-13) 

TOPHaIfVOZ-IAV6Iag6 Vol- ofloWest 50% ofthe col 
lected Vol- (III-14) 

AV6IHg6VOZ-IAVEIag6 Vol- of all collected V0, 

[0126] 
Gap V0,; V0,-—Selected Individual Metric from (III-9 to 

III-15). 

(111-15) 

Individual Output Variability Gaps 

(111-1 6) 

[0127] The preferred embodiment of GapVol. is to use the 
Q1Voi, and to use the others to create intermediate gap 
closure goals. 

[0128] Individual Output MetricsiVariability Ratio Vri. 
Q1 VVi:AV61‘€1g6 Vrl- of loWest 25% of collected Vrl- (III-17) 

Q2 VVi:AV61‘€1g6 Vrl- of 2"‘1 loWest 25% of the collected 
Vrl. (III-18) 

lected Vrl- (III-19) 

Q4 Vr,-:Average Vrl- ofthe highest 25% ofthe col 
lected Vrl- (III-20) 

Top3 Vr,-:Average Vrl- of the loWest three collected Vrl- (III-21) 

TOpHalfVrZ-IAVerage Vrl- of loWest 50% of the col 
lected Vrl- (III-22) 

Average Vr,-:Average Vrl- of all collected Vrl- (III-23) 

[0129] Individual Variability Ratio Gaps 

Gap Vr,-I Vr,-—Selected Individual Metric from (III- 17 
to 111-23). (111-24) 

[0130] The preferred embodiment of GapVrl- is to use the 
Q1Vri, and to use the others to create intermediate gap 
closure goals. 

[0131] Individual Output MetricsiVariability Reduction 
Ratio Vrrl. 

Ql VVVZ-IAV6IHg6 Vrrl- of loWest 25% of collected Vrrl- (III-25) 

Q2 VVVZ-IAV6IHg6 Vrrl- of 2"‘1 loWest 25% of the col 
lected Vrrl- (III-26) 
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Q3 VWFAV?ag‘? We of 2'” high?st 25% ofth? 001- [0139] The preferred embodiment of GapVo is to use the 
1mm Vrri (HI'27) QlVo, and to use the others to create intermediate gap 

. closure goals. 
4Vrr-:Avera e Vrr- ofthe hi est 25°/ ofthe col- . . . . . 
Q l?’md Vi ’ gh 0 (mag) [0140] Overall Unit Performance MetricsiVariability 

Ratio 

Top3 IKWI'IAVHage Vrri Of?w lOW?st thm? con?ct?d (In 29) Q1 VFAverage Vr ofloWest 25% of collected Vr (III-49) 
rrl- - 

Q2 VFAverage Vr of 2"d loWest 25% of the collected 
TopHalfVrrFAverage Vrrl- of loWest 50% of the 001- W (H150) 

lected Vrrl- (III-30) 

Q3 VFAverage Vr of 2"‘1 highest 25% of the collected 
Average VVVZ-IAV6IHg6 Vrrl- of all collected Vrrl- (III-31) Vr (H151) 

[0132] Individual Variability Reduction Ratio Gaps I 
Q4 VFAverage Vr of the highest 25% of the collected 

Gap Vrri:Vrrl-—Selected Individual Metric from (III-25 Vr (III-52) 
to 111-31). (111-32) 

. . To 3 VFAvera e Vr of the loWest three collected Vr III-53 
[0133] The preferred embodiment of GapVrrl- is to use p g ( ) 

the Q11 Vrri, andlto use the others to create intermediate TOpHalfVFAv?age V, oflow?st 50% ofthe Collected 
gap c osure goa s. Vr (111.54) 

[0134] Overall Unit Performance MetricsiInduced Vari 
ability Average VFAverage Vr of all collected Vr (III-55) 

Q1 W:Average W ofloWest 25% ofcollected W (III-33) [0141] Overall Variability Ratio Gaps 

Gap Vr: Vr-Selected IndiVrdual Metric from (III-49 
Q2 W:Average W of2"d loWest 25% ofthe collected to IH_55)_ (H15 6) 

W (111-34) _ _ 

[0142] The preferred embodiment of GapVr is to use the 
Q3 W:Average W ofz"d highest 25% of the collected QlVr, and to use the others to create intermediate gap 

W (111-35) closure goals. 

4 V A V fth h. 250/ f h H d [0143] Overall Unit Performance MetricsiVariability 
Q IV; verage 10 e ighest 0 o t e co ecte (HI-36) Reduction Ratio VIT 

Q1 VrFAverage Vrr of loWest 25% of collected Vrr (III-57) 
Top3 WIAVerage W of the loWest three collected W (III-37) 

Q2 VrFAverage Vrr of 2"‘1 loWest 25% of the col 
TOpHaIfWIAVerage W of loWest 50% of the collected lected Vrr (III-5 8) 

14 (111-3 8) 
Q3 VrFAverage Vrr of2"d highest 25% ofthe col 

Average W:Average W of all collected W (III-39) lected Vrr (III-5 8) 

[0135] Overall Induced vanablhty Gaps Q4 VrFAverage Vrr ofthe highest 25% ofthe col 

Gap WIW-Selected Individual Metric from (III-33 to lect?d V” (HI-59) 

111-39). (111-40) 
Top3 VrrIAVerage Vrr of the loWest three collected 

[0136] The preferred embodiment of GapVi is to use the VW (111-60) 
QlVi, and to use the others to create intermediate gap 
Closure goals TopHalfVrFAverage Vrr ofloWest 50% ofthe col 

_ _ _ lected Vrr (III-61) 

[0137] Overall Umt Performance MetricsiOutput Van 
ability Average VrrIAVerage Vrr of all collected Vrr (III-62) 

Q1 VOIAWMge V0 oflow?st 25% ofcollw?d V0 (111-41) [0144] Overall Variability Reduction Ratio Gaps 

Q2 VOIAVEmg6 V0 of 2nd low?st 25% Of?w con?ct?d Gap Vrr: Vrr-Selected Individual Metric from (III-57 
V0 (H142) to III-62). (III-63) 

[0145] The preferred embodiment of GapVrr is to use the 
n "d - _ _ 

Q3 VoiAvemge V" on hlghest 25% ofthe collected QlVrr, and to use the others to create intermediate gap 
V0 (III-43) closure goals. 

Q4110: Avmlge V0 ofth? highest 25% OM16 0011mm [0146] In addition to the standard deviations Quartiles 1 
V0 (III-44) given in the above paragraph, some process parameter aver 

age values can be similarly divided into quartiles and reported 
TOP3 VOIAVEIHge V0 ofth? low?st thr?? Collected V0 (HI-45) back to participants. This is not the preferred practice as the 

average values represent the set point setting and are consid 
TopHalfVFAvemge V0 Oflowest 50% ofthe collected ered proprietary by study participants. One exception to this 

V0 (HI-46) is the column pressure of atmospheric crude units and 
Av?mgeVFAv?mge V0 Ofan Collected V0 (H147) vacuum units. These parameters averages can be reported 

back as higher pressure causing the distillation to be more 
[0138] Overall OmPut Variability Gaps dif?cult and less energy ef?cient. In reporting back the pres 

GapV0:V0_S6[ected Individual Mario from (11141 to sures, it is important to divide the industry data into process 
III-47). (III-48) types. In particular for vacuum unit there are tWo main types 
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(Wet and dry vacuum units). The pressures can only be com 
pared With like types of vacuum units. 
[0147] Column Pressure (P) Metrics 

QIPIAVerage P ofloWest 25% ofcollected P (III-64) 

Q2P:Average P of2"d loWest 25% ofthe collected P (III-65) 

Q3P:Average P of2"d highest 25% ofthe collected P (III-66) 

Q4P:Average P ofthe highest 25% ofthe collected P (III-67) 

Top3PEAverage P of the loWest three collected P (III-68) 

TopHalfPEAverage P of loWest 50% of the collected 
P (III-69) 

AVeragePIAVerage P of all collected P (III-70) 

[0148] Overall Variability Reduction Ratio Gaps 

GapPIP-Selected Individual Metric from (III-64 to 
111-70). (11-71) 

[0149] The preferred embodiment of GapP is to use the 
QlP, and to use the others to create intermediate gap 
closure goals. 

[0150] It is anticipated that individual unit types Will con 
tain certain variables that the industry Will ?nd valuable to 
compare as averages, Which Will not be considered propri 
etary process information. Column pressure is just an 
example, and other average values maybe selected for other 
processes. In some industries, the set points might not be 
considered proprietary, and industry participants might be 
Willing to share this information for comparative purposes. In 
such cases, the critical set points might be collected and 
shared by this same technique. 

Calculation of Economic Values of Closing Performance 
Gaps 

[0151] Some of the key areas Where a gap economic value 
from equations III-8, 16, 24, 40, 48, 56, 63, and 71 can be 
estimated are: 

Yield improvements 
Energy improvements 
Capacity improvements. 
[0152] These improvements can be achieved in at least 
three Ways that can be calculated from the novel metrics of 
this invention: 
The improvement achieved by matching the control perfor 
mance benchmark Vrr and/or Vrrl- While making no changes 
in the induced variability Vi or Vii. 
The improvement achieved by matching the induced variabil 
ity benchmark V1 or Vil- While making no changes in the 
control assets performance Vrr or Vrri. 
The improvement achieved by matching both the induced 
variability benchmark Vi or Vil- and the control assets perfor 
mance Vrr or Vrrl- simultaneously. 
[0153] FIG. 5 illustrates hoW variability reduction can 
affect production yield and throughput. Time series A in FIG. 
5 represents the present product variation, Which varies 
betWeen the demonstrated upper and loWer data limits (bar 1), 
as dictated by the standard deviation of the data, Vo, Which is 
calculated from the collected process data. 
[0154] Time series B represents the time series benchmark 
generated from calculation of the benchmark achievable 
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variation Vob, and the selected benchmark Variability Reduc 
tion Ratio benchmark Vrrb as given in the equation beloW: 

V0b:MaX[I/z*Min( Vrrb, Vrr),Min V0] (IV- 1) 

[0155] Where Vob:benchmark achievable standard 
deviation 
[0156] of the product measurement. 

[0157] Vi?he induced variability of the unit being ana 
lyZed 
[0158] Vrrb?he selected Vrr benchmark from equa 

tions III-57 
[0159] through III-62 above 

[0160] Vrr?he variability reduction ratio for the unit 
being analyZed. Use of the actual value assures that if 
by chance the Vrr of the process is better than the 
benchmark, that the current performance Will be used 
in the calculation. 

[0161] MinVo:Minimum demonstrated V0 in the 
population, use of the minimum in the collected 
industrial data assures that the numbers calculated are 
limited to performance that has been demonstrated to 
be achievable in actual industrial application. Note 
that the average to the three best Vo’s can be used 
instead of the single best V0 to prevent revealing any 
participants actual value. 

Different values may be substituted into Equation IV-l 
depending on the objective of the improvement analysis: 

Case 1: Analysis of the Controls Improvement 

[0162] Vi?he V1 of the unit 
[0163] VrFa selected benchmark value from equations III 
57 through III-62 above. 

Case 2: Analysis of Induced Variability Improvement 

[0164] Vi:a selected benchmark value from equations III 
33 through III-39 above. 
[0165] Vrr:the Vrr of the unit. 

Case 3: Analysis of Simultaneous Induced Variability and 
Controls Improvement 

[0166] Vi:a selected benchmark value from equations III 
33 through III-39 above. 
[0167] VrFa selected benchmark value from equations III 
57 through III-62 above. 
One embodiment uses the overall unit QlVi, and QlVrr to 
simplify analysis, but note than a large combination of analy 
sis are possible by substituting any combination of individual 
metrics and overall metrics from equations III-l through III 
63 above or values in the analysis equations. This preferred 
embodiment calculates the potential variation achievable if 
the unit process control assets performance can match that of 
the l“ quartile average, and limits the potential variation to be 
no smaller than the smallest demonstrated variations reported 
by the industry data collection. 
[0168] In an alternate embodiment, Vob is not calculated 
from Vrr and V1 as given in Equation IV-l, but instead Vob 
equal:is set to the average of the l“ quartile Vo (QlVo from 
Equation III-41 above). HoWever, this method may not be 
preferred, since it ignores the input variability that the unit 
faces. It might not be demonstrated by the industry that Q lVo 
could be achieved stating With the level of induced variability 
the unit faces. 
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[0169] Referring back to FIG. 5, now that we have 
explained how time series B is established, we can now easily 
see the gap in performance. The Gap is Vo-Vob. If the unit 
being analyzed can match the benchmark Vob, then the time 
series of the process would be the same as that in time series 
B. 

[0170] By application of the method described above we 
have established that time series B has been demonstrated 
achievable in industry. Once time series B has been achieved, 
the opportunity exists to move the process set point to the 
existing process constraints to take advantage of the lower 
variation and achieve an economic bene?t. This is done by 
adjusting the set point to push time series B against the most 
economical constraint upper or lower bound depending on the 
better economics. Three types of constraints are illustrated in 
FIG. 5: 

The demonstrated data upper and lower limiti(bar 1). 
Or the product upper or lower speci?cation constrainti(bar 
2). 
A known process constraint upper or lower constraint that is 
a hard physical constraint or a calculated constraint. Calcu 
lated constraints can include limits inferred from other out 
puts or inputs including combination constraints. This con 
straint could be directly measured or calculated by any 
conceivable methodi(bar 3). 
[0171] All of these constraint types can be used, however 
one preferred embodiment is the use of the “Same Limit 
Rule,” which means that the upper and lower bounds demon 
strated in the collected data for the unit are used. This is the 
same as the Demonstrated Data Limit in FIG. 5 (Bar 1). 
[0172] The “Same Limit Rule” is preferred because its use 
will ensure that the economic value will be conservatively 
estimated, and the process is known to be able to achieve these 
limits because the historical data collected itself proves that to 
be so. This limit is illustrative and exemplary only, since any 
measured or calculated limit established by any method may 
be used. 

[0173] In the re?ning industry, for example, the upper and 
lower product speci?cations are not likely to be achievable 
because the overall plant optimization LP model would have 
set the set points that the process runs under and the act of 
adjusting to the wider speci?cation limits would defeat the 
overall plant optimization. Adjusting to the known process 
constraints is perfectly valid but requires the work to establish 
the actual known limits, which is not a trivial task. One 
method would be to communicate to the LP model the new 
capability demonstrated by time series B, and a new soft limit 
would be calculated by the LP. This would result in new bar 3 
limits. 

[0174] Referring back to FIG. 5, the process can now be 
improved by moving the set point such that the reduced vari 
ability is up against the process constraint selected for analy 
sis, that being bar 1, bar 2, or bar 3. 
[0175] If the time series represents an output quality mea 
sure such as 90% point for a product of a crude distillation 
unit then this shift has a known economic value at the plant 
and also infers a change in the volume of the product pro 
duced. If the distribution is moved upwards, then the tempera 
ture is increasing and the amount of volume of increased 
production can be calculated from the boiling point curve for 
that crude feed as given in FIG. 4. 

[0176] If the time series represents a production rate, then 
the production rate can be increased by moving upwards to 

Jul. 11, 2013 

the selected constraint. In both cases, the economic value of 
the increased production can be calculated. 

Economic ValueIincreaSed volume’gprice of product (IV-2) 

[0177] In the case of a distillation unit, unless the overall 
throughput is increased, then the improvement represents a 
yield improvement to a more valuable product. Referring to 
FIG. 6, reduced variability results in an increase in production 
of a more valuable product over a less valuable product. 

Economic Value:Increase in draw 1*(price draw 
l-price draw 2) (IV-3) 

[0178] An energy savings can be calculated directly from a 
reduction in the temperature variations of the individual col 
umn distillation product streams. FIG. 7 illustrates the basic 
concepts. All upward swings in the variation of the tempera 
ture of the column products are assumed to require the addi 
tion of heat into the unit. In the illustrated case, the heat source 
is a ?red furnace with e?iciency 6. 

Energy Savings Value:PE1([0.5m1Cp1(60T11 
60T21)]/e) (IV-4) 

[017 9] 
of mass 

[0180] 
from 
[0181] a distillation unit, or can encompass all exit 

streams 

[0182] from the unit, or any subset being analyzed. 
[0183] Z IIsummation over all selected streams l to 

1 

[0184] eqlnit heat source e?iciency factor. In re?ning 
this is the ef?ciency of 
[0185] the unit ?red heater. However the general form 

of equation IV-4 
[0186] allows C to represent the e?iciency of any unit 

heat source. 

Where Prprice of energy in economic unit per unit 

l:streamidenti?er. 1 can be just the side streams 

[0187] ml:mass ?ow or stream 1. 
[0188] CpIIheat capacity of stream 1 
[0189] OTUIstandard deviation of temperature of col 
umn product stream 1 as 
[0190] measured in the observation data. 

[0191] OT2IISIaIIdaI‘d deviation of temperature bench 
mark selected from 
[0192] the individual output variation benchmark 

equations III-9 through III-l5 above. 
Equation IV-4 is the preferred embodiment. However, 
depending on the re?nery control philosophy (30 or 20 con 
trol limits) the constant 6 (corresponding to 30) in equation 
IV-4 can be replaced with a constant value of 4 (correspond 
ing to 20). 
[0193] The aforementioned methods of calculating quality, 
yield and energy improvement are illustrative and exemplary, 
since quality, yield, and energy improvement may be deter 
mined using other measurements and calculations. 

Graphical Construct for Visualizing and Diagnosing Overall 
Unit Performance. 

[0194] FIG. 8 shows a novel graphical construct according 
to one embodiment to display the overall performance of a 
unit by using the overall metrics Vo, Vi, and Vrr calculated by 
equations III-40, III-48, and III-63 respectively. This graphi 
cal construct will now be referred to as a “Variability Graph.” 
[0195] The Variability Graph is constructed for one unit 
type at a time. All units of the same type under analysis can be 
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plotted on the same graph to indicate their relative perfor 
mance. The example unit type selected for one embodiment is 
a crude distillation unit, hoWever, similar graphic constructs 
can be developed for all unit types. 

[0196] The X-axis of this graph is the induced variability 
metric, V1, Which is calculated by equation Ill-40. For crude 
units, V1 is given as the standard deviation of the side draW 
temperatures of the crude unit side streams in degrees F. The 
side stream draW temperature is a measurement of the com 
position of the stream, and the variation of the temperature is 
a measurement of the quality of the material. The induced 
variability represents the amount of side stream temperature 
variation that the input variation Would cause the side stream 
products to have if not removed by the unit controls. 

[0197] The Y-axis of this graph is the output variability 
metric Vo, Which is calculated by equation Ill-48. For crude 
units, V0 is given as the actual standard deviation of the side 
draW temperatures in degrees F. as calculated from the raW 
observation data. Thus V0 is the key actual column control 
performance. 
[0198] Each unit in the study can be plotted using the units 
V0 and Vi data points. Point 1, 2, and 3 in FIG. 8 represent the 
overall performance of three crude units. Since the most 
desirable condition is Zero induced variability and Zero prod 
uct variability, the most desirable spot on the graph is at the 
origin. 
[0199] The vertical dashed lines on FIG. 8 divide the X-axis 
axis (V1 induced variability) into four regions representing the 
four quartiles of Vi performance. Quartile l is the loWest 
variability and the most desirable quartile to be in. The hori 
Zontal lines on the FIG. 8 divide the Y-axis (Vo output vari 
ability) into four regions representing the four quartiles of V0 
performance. Quartile 1 is the loWest variability and the most 
desirable quartile. 
[0200] The radial diagonal lines that extend outWard from 
the origin divide the graph space into four regions represent 
ing the four quartiles of variability reduction performance as 
measured by Vrr Which is calculated by equation Ill-63. 
Quartile 1 is the loWest variability and the most desirable 
quartile. 
[0201] To understand Why the radial lines represent the Vrr, 
consider point 4 on FIG. 8, the angle 0t and the right triangle 
formed by the three points of the origin, point 4 and intercept 
of the x-axis of a line dropped straight doWn from point 4. The 
tangent OfO. is 3/10, Which is Vo/V1. Looking at equation 1-6 
and 1-7, it can be seen that VFVO/Vl andVrr:1—Vo/V1. Thus, 
the radial lines directly represent Vr and Vrr, and also repre 
sent lines of constant controller performance over any value 
of induced variability recorded in the industrial data col 
lected. 

[0202] With the information conveyed by the Variability 
Graph, one skilled in the art can ascertain knoWledge about a 
unit’ s performance by simple examination of the region of the 
graph Where the point representing the unit’s performance 
falls. 

[0203] For example, consider Point 1 in FIG. 8. This unit is 
operating very Well. The unit’s overall performance is mea 
sured by V0 and V0 is in the 1S’ quartile. The induced variabil 
ity is measured by V1, and Vi is also in the 1S’ quartile. The 
performance of the controls is measured by the Vr and the Vrr 
is also in the ?rst quartile. Point 1 is one of the very best 
performing units in the entire study. In fact it is in the top 
0.25*0.25*0.25:1/64 ofthe study population. 
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[0204] NoW We Will look at Point 2 in FIG. 8. Point tWo is 
a poor overall performing unit because the main measurement 
of success is V0, and the V0 of the unit is in the 4th quartile. 
Looking at the V1 We can see that the induced variability of the 
unit is extremely high in comparison to the unit population 
and is in the high end of the 4th quartile. 
[0205] Previously, management might erroneously con 
clude that this unit represented by point 2 in FIG. 8 is in need 
of better process controls. An investment in expensive neW 
control applications for the unit might be pursued. HoWever, 
examination of the Vrr shoWs that this unit already has excep 
tional control performance. The Vrr is quartile 1. In fact, if 
extending a radial line from point 2 to the origin as is shoWn 
in FIG. 8, it passes throughpoint 1 Which represents one of the 
very best performing units in the industrial data. Therefore, it 
can be concluded that this is not a unit controls problem. This 
is a problem caused by excessively high induced variability in 
the feeds to the unit. Even the very best controller in the study 
could not achieve outstanding Vo results With this high an 
induced variability. The diagnosis then is to search out the 
causes of the high induced variability. This can be done by 
looking at the quartile ratings of the three inducing param 
eters (feed rate, feed temperature and feed API) from exami 
nation of the results of equation 111-8. 
[0206] As We improve the induced variability of the unit 
presented by point 2, We Will be improving V1 With constant 
controller performance. Thus the unit performance should 
improve and travel doWn a line of constant Vrr approximated 
by Line b. As can be seen on the graph at point 5, if the induced 
variability can just be reduced to 3rd quartile Which is still 
higher than the study average that the overall unit perfor 
mance as measured by Vo Will be 1“ quartile. 
[0207] NoW We Will examine point 3 in FIG. 8. The unit 
represented by point 3 is also an overall poor performer as 
measured by Vo Which is 4th quartile. HoWever, examination 
of the induced variability shoWs that the unit has no excuses 
since the induced variability is loW and in the 1S’ quartile. The 
problem With this unit is the poor performance of the unit 
controls as Witnessed by the poor 4”’ quartile Vrr. This unit is 
in need of tuning the existing controls, and potentially neW 
control applications. 
[0208] It should be noted that it has been demonstrated in 
industrial applications that points in the region of the graph 
occupied by point 3 can also have mechanical problems that 
prevent the unit from performing Well that are independent of 
the controls themselves. The unit should also be checked for 
mechanical integrity of the column internals. If the unit is 
mechanically sound, then the existing controls might be 
poorly tuned. Units in this region of the graph often have 
controls that are causing more harm than good. Simply plac 
ing the offending controls in open loop might reduce output 
variability dramatically. 
[0209] Assuming that the unit is mechanically sound, as We 
Work to improve controller performance, the unit perfor 
mance Will improve and travel doWn a line of constant 
induced variability approximated by Line c. As can be seen, 
the unit Will achieve 1“ quartile overall performance if the 
controls performance measured by Vrr can just achieve 3rd 
quartile as shoWn by Point 6 in FIG. 8. 
[0210] As previously stated, Variability Graphs have been 
created through this invention for all re?ning unit types. Some 
units have multiple graphs. For example, Fluid Catalytic 
Cracking (FCC) units typically have 5 graphs. The FCC unit 
can be placed on one graph shoWing the ?nal products from 












