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(57) ABSTRACT 

A system and method is provided for determining the vari 
ability induced on a process output. The method includes the 
analysis of input variable values to determine the total vari 
ability. A series of processes may be analyzed and ranked so 
that a process owner may gain an understanding of how a 
target process performs relative to the processes of other 
process owners. The method includes the generation of 
graphical process comparisons and advice regarding asset 
performance. The method also includes the estimation of cost 
impacts due to changes in induced variability. 

is: 

Estimate Corrainst Wariability 
Across the sittiplicity of 
issistics. Ecritife is 
st833; eists sis 
ife sis3te if it is a 

outp: it statistic desiasissils 
to Ysisi Csxk 3rd Wii 

Calcitate iriciuced Wariatility 
of easi. Ott Wariatsie Wii. 
sing the Gairs his six is abie 20t, 
the following calcitatist is tigre 
WR) e Set is xk'sset} - xk} 

-8. 

Cacuate Wariabitity Ratio virio 
and variability Recitaction Ratio 
virre af each Gutput Wariable. 

*::: * joiwi, 
Wr: s 1 - Wr E 

Cactate wei's riftiet 
arti Output. Wariability 

y X. We'f 
Wise S.Wii'i(i. 

calculate overai Unit 
Wariabitity Rafic arts 

Wariability Reitetian Ratio 
Wr as SWFif 
Yr 8 (Werfi 

Variability Metrics Caciation 

    

    

    

      

      

    

    

  



Patent Application Publication 

iGO 
tata Extraction: 

ather sittipšicity of dista set 
{Sefw3.ii is is 88s fires 

inexpressed operational data 
from the target process unst that 
inciuties the process irpur and 

Lipt it paraiyatei's gives; Fr. 
site ii. 

2OON 
eprocessing: 

Exaire ty: F8's, $88 to 
fief: W& :88E3 is sit Stet 
assese sperations, 

Calculate inferresti irpits. 
SoFile pissier; anie if 
right be derived from the raw 
aeasised watues, faese vases 
&S Caixi & SE 8t S 
&R &ticist tis &tassi. 

afir. 

Establish Pseudoset Points 
of the Rui aski (3tipist data 

3:Sais, 

Catilate Statist a wistics 
of Eise input ars: ott data 

issai i8 
-SS is set x:y:S tes 
sitself-Stiff at Sei. 

Jul. 11, 2013 Sheet 1 of 7 

{ 

Estirrate Corbird Wariability 
Across the sittiplicity of : 
iser stics. (Ortill the 

starias' eyiasi ES is: 
ofs estists fiti ar. 
outt statiss'd deviatists 
to Ysistakai's Wei 

i 

Calciate irtiuced Wariability 
feast tist Wariate Wii. 

sing the Gairs Maisix its estie 20t, 
the following calcitation is tiere 

WE) s. Set Xia Xi'(a) - xk} : 

calculate Warisbišity ratic Wrio 
atti Wariability Reduction Ratio 
irro) of each Ottp:t Wariable. 

yr is Joswift 
Wrris yr E. 

G 

calculate overe unit induced 
and Output Wariability 

yo S.We'f 

isitates sis: it 
Wariabitity Ratic arti 

Wariatility Recitetica Ratio 
Wr as Xiffff; 
Wr = 3 '?eriff 

Variatiity Metrics Calculation 

F.C. 

US 2013/01792.33 A1 

  

    

    

    

    

  

  

    

    

  

  

  



Patent Application Publication 

Gas 

Overhead 

Draw 1 
raw 2 , f w 

Draw 3 

Jul. 11, 2013 Sheet 2 of 7 US 2013/01792.33 A1 

Gain Matrix Approach to Estimating Induced Variability wi 
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FIG. 2 induced Variability Gain Matrix Example 
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2100 Gather Industry Performance Data 
Gain participation in a significant portion of 
the target industry in development of the 
performance study. Obtain data from 
participants for development of the gains. 

2200 Perform Industry Experiments Gain 
participation of a significant portion of the 
target industry in process experiments to 
develop data. Regress the Gains from the 
experiment data. 
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2300 Develop Initial Gains Magnitudes 
from Boiling Point Curves. For refining, 
determine the crudes run by the 
participants, and develop gains from the 
true boiling point curves of commonly run 
crudes to gain the order of magnitude of 
the gains. 

2400 Development of Initial Gains 
Magnitudes from Published Literature. 
Scan the literature for published linear 
gains that might be useful to set the 
order of magnitude of gains. 

2500 Development of Initial Gains 
Magnitudes from expert experience 
through personal or external expert 
experience seek information of likely 
gain magnitudes. 

2600 Combining Initial Gains into Trial 
Initial Gain Set. 
Using all sources of gain magnitude, 
develop a starting set of trial gains for 
testing. 

F 
27OOTune the Gains Using Industry Data. 
Using the industry performance data, tune 
the gains to achieve reasonable results 

F 
2800 Finalize Gains for Unit Comparative 
Performance Analysis. To prevent bias, 
utilize one fixed set of gains for all 
participants. 

FIG. 3 Development of induced Variability Gains 

US 2013/01792.33 A1 

  

  



Patent Application Publication Jul. 11, 2013 Sheet 4 of 7 US 2013/01792.33 A1 

Product splificati pir Limit 

KOWPOSS Ostrait 

smonstrated DataLimi 

smonstrated DataLimi 

ProductSpecification Lower Limit 

Figure 5 Methods of Waluing Wariability Gap Closure 

Improwed Wariability allows the unit 
to optimize yields to the most valuable products 

Side benefits: less off-spec product, 
smoother operations, reduced energy consumption 

Figure 8 Methods of Waluing Wariability Gap Closure 

  

  



Patent Application Publication Jul. 11, 2013 Sheet 5 of 7 US 2013/01792.33 A1 

Furnace 

Ericancy QWF mCp&T 
Constant m and Cp 

All increasing temperature swings aT (; AT: 
are assumed to be splied by the s: 1 
Unit heat source. In this case the furnace 
With efficiency E. 

Figure Energy sawings through product temperature wariability reduction 

O 
O 5 10 15 20 25 30 

Induced Wariability, Std Dev F 
Figure 8: Example Variability Graph 

  

  



US 2013/01792.33 A1 

ozoz 

Jul. 11, 2013 Sheet 6 of 7 Patent Application Publication 

  

      

  

    

  

      

  



Patent Application Publication Jul. 11, 2013 Sheet 7 of 7 US 2013/01792.33 A1 

Figure 10 

Ss : 2. : 

ariatity, Sir Dey F 

figure te vector Represertation of variability 

  

  



US 2013/017.9233 A1 

CONTROL ASSET COMPARATIVE 
PERFORMANCE ANALYSIS SYSTEMAND 

METHODOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/969,102, filed Aug. 30, 2007, 
which is incorporated by reference in its entirety. This appli 
cation is a division of U.S. Non-Provisional application Ser. 
No. 13/195.988, filed Aug. 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, field wiring, 
operator interfaces, automation systems, computers and soft 
ware applications, to maximize profits and to improve safe 
operations, the benefits 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 final 
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, efficien 
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 final 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 efficiency unless eliminated by the control 
aSSetS. 
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0009 Control assets are not capable of eliminating an 
infinite 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 financial 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 efficacy 
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. Alternately, 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 find 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 significant advantage in this case. 
0016. The separate identification, 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 refining 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 (oran) 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. 
0.018 Embodiments of a method relate to the various 
refining 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 refining 
alone include: Visbreaking, thermal cracking, hydrogen gen 
eration, hydrogen purification, MTBE production, Alkyla 
tion, Isomerization, desulfurization, Sulfur recovery, tail gas 
recovery, Sulfuric acid generation, asphalt and bitumen pro 
duction, coke calcinators, desalination, CO2 liquification, 
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 refining 
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 flow 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 
refinery 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 flow 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 refinery 
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 benefits 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 benefits 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 refinery 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 refinery 
process unit types. 
0043. TABLE 500 shows exemplary automated advice 
that can be delivered based on the unified overall metric 
VO-V-Vrr. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0044) Unit is broadly defined 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. 
0.045 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 identified in Table 
100 and Table 200. 
0046. In step 100, historical process data are extracted for 
the target unit as defined 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 defined 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, defined 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 refining units, a second mul 

tiplicity of data sets is collected during crude Switch opera 
tions, defined 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 
specific 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 
refinery, Such as gas processing plants, desalters, etc. Crude 
and vacuum refining 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, defined 
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 flow 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 along 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: 

0.053 1. Use actual recorded set points if they exist. 
0.054 2. Use controller statistics that are recorded by the 
control application or external Software applications. 

0.055 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. 

0.058 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 field 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 OX, the standard deviation of input X. 
0062 OX, the standard deviation of input X for obser 
Vation period n. 
0063 n=the total number of observation periods 1 ... n. 

0064. Note that when comparing similar unit opera 
tions, equation I-1 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 coefficient of 
variation of the input parameter OX: OX/Average Xk 
should be used. 

0065. Where Vo(i)=the “Output variability’-Standard 
deviation of output variable 
0.066 Yi. Which equals oY. 
0067. OY, the standard deviation of output Y. for obser 
Vation period n. 

0068. Note that when comparing similar unit opera 
tions, equations 1-3 is preferred. For comparing opera 
tions that are dissimilar and might have values of Y that 
are an order of magnitude different, then the coefficient 
of variation of the output parametery. OY/AverageY. 
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 
OX. 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 again 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.” 
Vi, is defined 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) 
F. - 2 2 

Vi = Go- * Ov, + 2 Go-Go-r; * Oxx, 
k=1 i=1 list 

0070 where: 
(0071] G. gain magnitude of the unit product output i 
interest to the standard deviation of input inducing parameter 
X. 
(0072 or variance of input X, 
(0073 or covariance between inputs X, and X, 
0074) If the inputs, X and X are independent and subse 
quently uncorrelated observation, then: 

112 

Vi =XG- rai, 
k=1 

0075 (I-5A) 
As an illustration, Vi 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. 

Vr=(Vo/Vi) (I-6) 

Vrr=1-Vr, (I-7) 

0077. Where Vr-Variability Ratio of output product 
property of interest i. 

0078 Vrr, Variability Reduction Ratio of output prod 
uct property of interest i. 

Note that Vrand 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 specific 
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 Vrras higher values relate to better 
control asset performance. However, all calculations can be 
performed using Vr alone, since Vr introduces no artificial 
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 thinkin 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. 

Vo=(Vof+Vof +... + Vof) (I-8) 

0080 Where Vo=overall unit output product variability 
achievement. 

I0081 Vi overall unit calculated induced variability 
I0082 Vo, average standard deviation of the measured 

output variability observations on stream i 
I0083. Vi average standard deviation of the calculated 

output variability imposed by process variation obser 
Vations on stream i 

I0084 f. fraction 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 
aCC. 

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: 

Vi=(Vilf+Wifi... +Vif) (I-9A) 

Of course equation I-8A and I-9A honor the fact that the Vo 
and Vi are standard deviations. 
I0085. In step 1000, the overall unit variability ratio Vrand 
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 Vrand Vrr metrics. 

re-1- (I-11) 

I0086. Where Vr-overall variability ratio, an estimate of 
the fraction of induced variability that remains in the 
product. 

I0087 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. 

I0088 f=fraction of the product stream i to the agglom 
erated total production of interest. 

Vrris 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 efficacy 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-10 is to use the square 
root of the Sum of the squares approach given in the equations 
below: 

I0089. 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 final gain set is then established, 
which is used for all study participants. 
0090. In step 2100, participation from a significant 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 Vigains 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 Visignal 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 Vigains to be 
directly calculated. Therefore, the Vigains 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 significant portion of the target industry 
is sought to gather normal operating data with the unit con 
trollers inaction. For the refining industry units, these data are 
defined 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 areasonable 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 refineries' crude slates 
are examined and a representative sampling of for example, 
three to five 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 

(I-10A) 
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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 modification 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 satisfied 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 first 
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 identifies 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 refining. 
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 Reformers, 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 flow 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 flows are not considered, only the side draw flows 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 thena empirical corre 
lation rather than a straight forward calculation based on first 
principles knowledge. These correlations were developed by 
a combination of first principles knowledge and regression 
against industry data on scores of atmospheric and vacuum 
units. The results have proved to be robust. 
0.108 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 flows of the column side streams as given in the equations 
below. 

o Vief (3.312E-06OX,+0.06644o X, tenp 
(1)+(OXe(1)*OXao (1) (II-1) 

OVApr(OVAP1)+OVAPro, +...+OVAP) (II-2) 

0109 Where OV-The inferred standard deviation of 
crude feed API. 

10110 OV-The inferred contribution to the standard 
deviation of the crude feed due to the standard deviation of the 
API of side stream (1) product. 
10111 OX, The standard deviation of the draw tray 
temperature of side stream (1) product. 
I0112 OX-The standard deviation of the draw flow 
of side stream (1) product. 
I0113 f 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 flow. 
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 
flows of the vacuum column side streams as given in the 
equation below. 

OYapp f(0.00002OX,+0.0427OX1)+ 
(OXeme(1) “OYao (1) (II-3) 

VAPrXOVAP1) (II-4) 

0115. Where OV-The inferred contribution to the stan 
dard deviation of the crude feed due to the standard deviation 
of the API of side stream (1) product. 
10116 OV-The inferred standard deviation of API of 
side stream (1) product. 
I0117 OX, The standard deviation of the draw tray 
temperature of side stream (1) product. 
10118 OX-The standard deviation of the draw flow 
of side stream (1) product. 
I0119) f-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 flow. 
0120 Although the preceding examples are for specific 
inferred inputs for specific units in refining, 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 Vrrare gathered, along 
with the individual stream performance parameters Vo, Vi, 
and Vrr. 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 

Q1 ox=Average oX of lowest 25% of collected ox, (III-1) 

Q2o.X=Average oX of 2" lowest 25% of the col 
lected ox, (III-2) 

Q3o X=Average oX of 2"highest 25% of the col 
lected OX- (III-3) 

O4o X=Average oX of the highest 25% of the col 
lected OX- (III-4) 

Top3o X=Average oX of the lowest three collected 
OX- (III-5) 
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Top HalfoX, Average oX of lowest 50% of the col 
lected OX- (III-6) 

Averageo X. Averageo X of all collected ox (III-7) 

individual Input Variability Gaps 0123 Individual Input Variability Gap 
Gapox=o X-Selected Variability Metric from (III-1 

to III-7). (I-8) 

0.124. The preferred embodiment of GapoX is to use 
the Q16 X, for overall gap, and to use the others to 
create intermediate gap closure goals. 

(0.125 Individual Output Variability Metrics 
O1Voi=Average Vo, of lowest 25% of collected Vo, (III-9) 

Q2Voi=Average Vo, of 2" lowest 25% of the collected 
Vo, (III-10) 

Q3 Voi=Average Vo, of 2"highest 25% of the col 
lected Vo, (III-11) 

Q4Voi=Average Vo, of the highest 25% of the col 
lected Vo, (III-12) 

Top3Vo, Average Vo, of the lowest three collected Vo, (III-13) 

Top Halfo Average Vo, of lowest 50% of the col 
lected Vo, (III-14) 

Average Vo, Average Vo, of all collected Vo, (III-15) 

0.126 Individual Output Variability Gaps 
Gap Vo, Vo-Selected Individual Metric from (III-9 to 

III-15). (III-16) 

I0127. The preferred embodiment of GapVo, is to use the 
Q1Vo, and to use the others to create intermediate gap 
closure goals. 

0128 Individual Output Metrics Variability Ratio Vr. 
O1Vr-Average Vr, of lowest 25% of collected Vr, (III-17) 

Q2Vr–Average Vr, of 2" lowest 25% of the collected 
Vr, (III-18) 

Q3Vri-Average Vr, of 2"highest 25% of the col 
lected Vr, (III-19) 

Q4Vr=Average Vr, of the highest 25% of the col 
lected Vr, (III-20) 

Top3Vr=Average Vr, of the lowest three collected Vr, (III-21) 

Top HalfWr Average Vr, of lowest 50% of the col 
lected Vr, (III-22) 

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

I0129. Individual Variability Ratio Gaps 
Gap Vr-Vr-Selected Individual Metric from (III-17 

to III-23). (III-24) 

0.130. The preferred embodiment of GapVr, is to use the 
Q1 Vr, and to use the others to create intermediate gap 
closure goals. 

I0131 Individual Output Metrics Variability Reduction 
Ratio Vrr, 

O1Vrr=Average Vrr of lowest 25% of collected Vrr, (III-25) 

Q2Vrr=Average Vrr, of 2" lowest 25% of the col 
lected Vrr, (III-26) 
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O3 Vrr=Average Vrr of 2' highest 25% of the col 
lected Vrr, (III-27) 

O4Vrr=Average Vrr of the highest 25% of the col 
lected Vrr, (III-28) 

Top3Vrr Average Vrr of the lowest three collected 
Vrr, (III-29) 

Top HalfWrr=Average Vrr of lowest 50% of the col 
lected Vrr, (III-30) 

Average Vrr=Average Vrr of all collected Vrr, (III-31) 

0132) Individual Variability Reduction Ratio Gaps 
Gap Vrr=Vrr-Selected Individual Metric from (III-25 

to III-31). (III-32) 

I0133. The preferred embodiment of GapVrr, is to use 
the Q1Vrr, and to use the others to create intermediate 
gap closure goals. 

0134) 
ability 

Overall Unit Performance Metrics—Induced Vari 

O1Vi=Average Vi of lowest 25% of collected Vi (III-33) 

G2 Vi=Average Vi of 2 lowest 25% of the collected 
Wi (III-34) 

Q3 Vi=Average Vi of 2"highest 25% of the collected 
Wi (III-35) 

Q4 Vi=Average Vi of the highest 25% of the collected 
Wi (III-36) 

Top3 Vi=Average Vi of the lowest three collected Vi (III-37) 

Top Halfi=Average Vi of lowest 50% of the collected 
Wi (III-38) 

Average Vi=Average Vi of all collected Vi (III-39) 

0135. Overall Induced Variability Gaps 
Gap Vi=Vi-Selected Individual Metric from (III-33 to 

III-39). (III-40) 

0.136 The preferred embodiment of GapVi is to use the 
Q1Vi, and to use the others to create intermediate gap 
closure goals. 

0137 
ability 

O1Vo=Average Vo of lowest 25% of collected Vo 

Q2Vo=Average Vo of 2" lowest 25% of the collected 
o 

Q3 Vo–Average Vo of 2"highest 25% of the collected 
o 

Q4Vo=Average Vo of the highest 25% of the collected 
o 

Top3Vo=Average Vo of the lowest three collected Vo 

Top Halfo=Average Vo of lowest 50% of the collected 
o 

Average Vo=Average Vo of all collected Vo 

0138 Overall Output Variability Gaps 
Gap Vo=Vo-Selected Individual Metric from (III-41 to 

III-47). 

Overall Unit Performance Metrics—Output Vari 

-41) 

-42) 

-43) 

-44) 

-45) 

-46) 

–47) 

-48) 
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0.139. The preferred embodiment of GapVo is to use the 
Q1Vo, and to use the others to create intermediate gap 
closure goals. 

0140. Overall Unit Performance Metrics Variability 
Ratio 

G1 Vr=Average Vr of lowest 25% of collected Vr (III-49) 

Q2Vr=Average Vr of 2" lowest 25% of the collected 
Wr (III-50) 

G3 Vr=Average Vr of 2 highest 25% of the collected 
Wr (III-51) 

Q4Vr=Average Vr of the highest 25% of the collected 
Wr (III-52) 

Top3Vr=Average Vr of the lowest three collected Vr (III-53) 

Top HalfWr=Average Vr of lowest 50% of the collected 
Wr (III-54) 

Average Vr=Average Vr of all collected Vr (III-55) 

(0.141. Overall Variability Ratio Gaps 
Gap Vr=Vr-Selected IndiVrdual Metric from (III-49 

to III-55). (III-56) 

0142. The preferred embodiment of GapVr is to use the 
Q1Vr, and to use the others to create intermediate gap 
closure goals. 

0143. Overall Unit Performance Metrics Variability 
Reduction Ratio Vrr 

G1 Vrr=Average Vrr of lowest 25% of collected Vrr (III-57) 

G2Vrr=Average Vrr of 2 lowest 25% of the col 
lected Vrr (III-58) 

G3 Vrr=Average Vrr of 2 highest 25% of the col 
lected Vrr (III-58) 

Q4Vrr=Average Vrr of the highest 25% of the col 
lected Vrr (III-59) 

Top3Vrr=Average Vrr of the lowest three collected 
Wri (III-60) 

Top HalfWrr=Average Vrr of lowest 50% of the col 
lected Vrr (III-61) 

Average Vrr=Average Vrr of all collected Vrr (III-62) 

0144. Overall Variability Reduction Ratio Gaps 
Gap Vrr=Vrr-Selected Individual Metric from (III-57 

to III-62). (III-63) 

0145 The preferred embodiment of GapVrris to use the 
Q1Vrr, and to use the others to create intermediate gap 
closure goals. 

0146 In addition to the standard deviations Quartiles 1 
given in the above paragraph, Some process parameter aver 
age values can be similarly divided into quartiles and reported 
back to participants. This is not the preferred practice as the 
average values represent the set point setting and are consid 
ered proprietary by study participants. One exception to this 
is the column pressure of atmospheric crude units and 
vacuum units. These parameters averages can be reported 
back as higher pressure causing the distillation to be more 
difficult and less energy efficient. In reporting back the pres 
Sures, it is important to divide the industry data into process 
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 

G1 P=Average P of lowest 25% of collected P (III-64) 

Q2P=Average P of 2" lowest 25% of the collected P (III-65) 

Q3P=Average P of 2"highest 25% of the collected P (III-66) 

Q4P=Average P of the highest 25% of the collected P (III-67) 

Top3P=Average P of the lowest three collected P (III-68) 

Top Half PFAverage P of lowest 50% of the collected 
P (III-69) 

AverageP=Average Pofall collected P (III-70) 

0148. Overall Variability Reduction Ratio Gaps 
Gap.P=P-Selected Individual Metric from (III-64 to 

III-70). (II-71) 

0149. The preferred embodiment of GapP is to use the 
Q1P 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 find 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 Vrr, while making no changes 
in the induced variability Vi or Vi. 
The improvement achieved by matching the induced variabil 
ity benchmark Vi or Vi, while making no changes in the 
control assets performance Vrror Vrr. 
The improvement achieved by matching both the induced 
variability benchmark Vi or Vi, and the control assets perfor 
mance Vrror Vrr, 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: 

Vob=Max Vi Mini Vrrb, Vrr),Mino| (IV-1) 

0.155. Where Vob-benchmark achievable standard 
deviation 
0156 of the product measurement. 

0157 Vi=the induced variability of the unit being ana 
lyzed 
0158 Vrrb=the selected Vrr benchmark from equa 
tions III-57 
0159 through III-62 above 

0160 Vrr—the 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. 

0.161 MinVo=Minimum demonstrated Vo 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 Vos can be used 
instead of the single best Vo to prevent revealing any 
participants actual value. 

Different values may be substituted into Equation IV-1 
depending on the objective of the improvement analysis: 

Case 1: Analysis of the Controls Improvement 

(0162 Vi=the Vi of the unit 
0163 Vrr a selected benchmark value from equations III 
57 through III-62 above. 

Case 2: Analysis of Induced Variability Improvement 

0164 Via 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 Via selected benchmark value from equations III 
33 through III-39 above. 
0.167 Vrr a selected benchmark value from equations III 
57 through III-62 above. 
One embodiment uses the overall unit Q1Vi, and Q1Vrr 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-1 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 1 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 Vi as given in Equation IV-1, but instead Vob 
equalis set to the average of the 1 quartile Vo (Q1Vo 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 Q1Vo 
could beachieved 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 benefit. 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.S: 

The demonstrated data upper and lower limit—(bar 1). 
Or the product upper or lower specification constraint—(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 method (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 refining industry, for example, the upper and 
lower product specifications 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 specification 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 bar3 
limits. 

0.174 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 bar3. 
0.175. 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 
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the selected constraint. In both cases, the economic value of 
the increased production can be calculated. 

Economic Value=increased volume"price 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 
1-price draw 2) (IV-3) 

0.178 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 fired furnace with efficiency e. 

Energy Savings Value=PX (0.5m Cp (6o T1 
6oT)/e) (IV-4) 

0179 
of mass 

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

0182 from the unit, or any subset being analyzed. 
0183 X=summation overall selected streams 1 to 

1 

0.184 eunit heat source efficiency factor. In refining 
this is the efficiency of 
0185 the unit fired heater. However the general form 
of equation IV-4 

0186 allows C to represent the efficiency of any unit 
heat Source. 

Where P-price of energy in economic unit per unit 

1=streamidentifier. 1 can be just the side streams 

0187 m-mass flow or stream 1. 
0188 Cp =heat capacity of stream 1 
(0189 oT=standard deviation of temperature of col 
umn product stream 1 as 
0.190 measured in the observation data. 

0191 OT =standard deviation of temperature bench 
mark selected from 
0.192 the individual output variation benchmark 
equations III-9 through III-15 above. 

Equation IV-4 is the preferred embodiment. However, 
depending on the refinery 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, Vi, which is calculated by equation III-40. For crude 
units, Vi 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 III-48. For crude 
units, Vo is given as the actual standard deviation of the side 
draw temperatures in degrees F. as calculated from the raw 
observation data. Thus Vo is the key actual column control 
performance. 
0198 Each unit in the study can be plotted using the units 
Vo and Vidata 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 (Vi induced variability) into four regions representing the 
four quartiles of Vi performance. Quartile 1 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 Vo 
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 III-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 C. 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 of C. is 3/10, which is Vo/Vi. Looking at equation 1-6 
and 1-7, it can be seen that Vr-Vof Viand Vrr=1-Vof Vi. Thus, 
the radial lines directly represent Vrand 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 
units performance by simple examination of the region of the 
graph where the point representing the units performance 
falls. 

0203 For example, consider Point 1 in FIG.8. This unit is 
operating very well. The units overall performance is mea 
sured by Vo and Vo is in the 1 quartile. The induced variabil 
ity is measured by Vi, and Vi is also in the 1 quartile. The 
performance of the controls is measured by the Vrand the Vrr 
is also in the first 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 of the 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 Vo, and the Vo of the unit is in the 4" quartile. 
Looking at the Viwe 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 4" 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 III-8. 
0206. As we improve the induced variability of the unit 
presented by point 2, we will be improving Vi with constant 
controller performance. Thus the unit performance should 
improve and travel down a line of constant Vrr approximated 
by Lineb. As can be seen on the graph at point 5, if the induced 
variability can just be reduced to 3" 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 4" quartile. However, examination 
of the induced variability shows that the unit has no excuses 
since the induced variability is low and in the 1 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 3" 
quartile as shown by Point 6 in FIG.8. 
0210. As previously stated, Variability Graphs have been 
created through this invention for all refining 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 final products from 
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the main fractionator. However, there is more information to 
be displayed for a FCC unit. The reaction section of the unit 
must be analyzed separately for flue gas oxygen or carbon 
monoxide control depending on the unit combustion mode 
(complete or incomplete combustion). In addition, the unit 
wet gas compressor or air blower controls must be analyzed 
separately depending on which limits unit throughput. This 
results in 5 Variability Graphs in the FCC analysis. This 
further illustrates the general use of variability graphs to 
analyze subparts of the process. 
0211 Additional Variability Graphs can be constructed on 
a stream by stream basis or for specialized portions of the unit 
operation. The use of the variability graphs for explaining 
stream-by-stream performance is illustrative and exemplary, 
since the graphs may be used to analyze any control system. 
On-Line Real Time Analysis with the Metrics 
0212. It should be recognized that all calculations within 

this patent application can be automated and placed in real 
time monitoring and control applications to deliver process 
alarms, invoke expert Systems or logic trees, provide feed 
back to control loops, and directly deliver set points. 

Automated Delivery of Advice by Quartile 
0213. The division of the key metrics Vo, Vi, and Vrr 
developed above allow the automated delivery of advice on 
the performance of the unit. A combined “Performance Key 
metric, Vo-Vi-Vrr, is developed by the concatenation of the 
three measures separated by dashes. For example, if Vo is 
quartile 3, and Vi is quartile 1 and Vrr is quartile 4, then the 
Performance Key metric Vo-Vi-Vrr would be 3-1-4. Since 
each measure has 4 quartiles, there are 4*4*4-64 potential 
values of Vo-Vi-Vrr. For each unit type a table can be built that 
delivers advice based on combined metric. Note that any 
combination of the metrics Vo and Vican be used, as values of 
just Vo and Vi contain within them the value of Vrr. The 
addition of Vr or Vrr allows the space to be further divided 
into 64 regions for diagnosis. 
0214. A computer program matches the combined metric 

to one of the 64 options defined by the Performance Key and 
delivers advice appropriate for the unit performance. An 
example of this advice for a vacuum unit is given in Table 500. 
Table 500 is illustrative and exemplary, and a number of 
similar tables can be used for different types of units. The 
advice in table 500 is exemplary only, and additional or alter 
nate advice statements can be automatically constructed. For 
example, the main input variables variability can be automati 
cally compared to their quartiles to relate which of the inputs 
is most responsible for high induced variability. 
0215. As an example of the use of the automated advice 
from table 500, a Performance Key of 3-1-4 using the auto 
mated advice from Table 500 would deliver the following: 
0216 Advice 1 The overall Performance Key=3-1-4. 
0217 Advice 2 Overall unit performance is below study 
average. 
0218 Advice 3 Poor variability reduction with controls. 
0219 Advice 4 Excellent low input variability. 
0220 Advice 5 Tune existing controls and consider con 

trol application improvements. 
0221. It should be noted that additional and more detailed 
automated interpretation and advice could be delivered by 
more detailed automated analysis of any of the metrics of this 
invention. All are contemplated and within the scope of this 
invention. 
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Vr Vector Representation 
0222 An alternate method of analysis of a units perfor 
mance based on the Vo and Vi is the VrVector Representation. 

C=Tan Vr (V-2) 

0223. Where IVrl=The magnitude of the Vr vector the 
hypotenuse of the right triangle formed with Vo and Viand the 
sides. 
0224 CL=the Vrangle 
0225. The Vr vector represents the total variability expe 
rienced by the unit in analysis. The larger the value Vrl the 
more “shook up' the unit is. It is desirable to have lower 
values of Vrl. The angle C. represents the amount of variabil 
ity that has been reduced by the units controls. The smaller the 
value of C, the more variability has been reduced. Vrland C. 
can be placed into quartiles and placed into a graph similar to 
FIG. 8 as shown in FIG. 10. Advice similar to that in Table 500 
can also be developed and delivered using Vrl and C. 
0226. The Vr vector presents the entire performance pic 
ture in one vector. It is mathematically useful to interpret Vr 
in polar coordinates, for the purpose of creating generalized 
quartiles that replace the three quartile sets previously 
described with one set of quartiles. 
0227. The Vr vector interpretation provides a basis for 
analyzing the information contained in two vectors, such as 
would occur when comparing the variability performance of 
two similar units or the same unit at two different times (as in 
an on-line application). Vector algebra can be used in these 
cases, namely, vector addition, Subtraction, and dot and cross 
products. 
0228. As shown in FIG. 9, one embodiment of a system 
used to perform the method includes a computing system. 
The hardware consists of a processor 910 that contains 
adequate system memory 920 to perform the required 
numerical computations. The processor 910 executes a com 
puter program residing in System memory 920 to perform the 
method. Video and storage controllers 930 are required to 
enable the operation of display 940. The system includes 
various data storage devices for data input including floppy 
disk units 950, internal/external disk drives 960, internal 
CD/DVDs 970, tape units 980, and other types of electronic 
storage media 990. The aforementioned data storage devices 
are illustrative and exemplary only. These storage media are 
used to enter and store the process data frequency and loss 
data to the system, store the calculations, and store the sys 
tem-produced analysis reports and graphs. The calculations 
can apply statistical Software packages or can be performed 
from the data entered in spreadsheet formats using Microsoft 
Excel, for example. The analysis calculations are performed 
using either customized software programs designed for 
company-specific system implementations or by using com 
mercially available software that is compatible with Excel or 
other database and spreadsheet programs. The system can 
also interface with proprietary or public external storage 
media 1030 to link with other databases to provide additional 
data to be applied to the performance measurement bench 
marking system and method calculations. The output devices 
can be a telecommunication device 1000 to transmit the cal 
culation worksheets and other system produced graphs and 
reports via an intranet or the Internet to management or other 
personnel, printers 1010, electronic storage media similar to 
those mentioned as input devices and proprietary storage 
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databases 1030. These output devices are illustrative and 
exemplary only. If the analysis is to be performed on-line for 
real-time process monitoring and control, then the above 
system can also have additional sources of input and output. 
0229. The manufacturing control system 2000, which can 
include programmable logic controllers, distributed control 
systems, or field bus devices, would provide live data to the 
processors 910. It is also possible for the manufacturing con 
trol system 2000, which contains central processing systems, 
to take on all or part of the tasks of the processor 910. The 
results of the methods and calculations can be received from 
the processors 910 for use in real time control and alarming 
inside the manufacturing control system 2000. 
0230. Additional data for the method may come from the 
process data historian 2010, which keeps records of process 
variable and parameter values with time stamps and can also 
share any portion of the calculations performed by the pro 
cessors 910. The results of the calculations from the proces 
sors 910 can also be stored in the process data historian 2010. 
0231. Input data can also be received by the processors 
910 from external process control systems 2020 that reside on 
computers external to the manufacturing control system 
2000. The results of the methods and calculations can be 
received from the processors 910 for use in real time control 
and alarming inside the external process control systems 
2O2O. 
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0232. The manufacturing information system 2030 can 
receive data and results from the processors 910 either 
directly or secondarily from the manufacturing control sys 
tem 2000 the process data historian 2010 or the external 
process control systems 2020. This data can be used to create 
key performance indicators such as Vi, Vo, and Vrr for plots 
and written reports. Information from the manufacturing 
information system 2030 can be passed on to the company 
information systems 2040 the company intranet or world 
wide web 2050 for use in any conceivable purpose. 
0233. The foregoing disclosure and description of the pre 
ferred embodiments of the invention are illustrative and 
explanatory thereof, and various changes in the details of the 
illustrated system and method may be made without depart 
ing from the scope of the invention. In particular, the system 
can operate as a stand alone analysis method without the 
process data historian 2010, external process control systems 
2020, manufacturing information system 2030, company 
information systems 2040, and company intranet or world 
wide web 2050. Additionally, an embodiment of the system 
can be on-line live by incorporating the processor 910 func 
tions into the manufacturing control system 2000, the process 
data historian 2010, the external process control systems 
2020, or the manufacturing information system 2030. 

TABLE 100 

Input Data Collected by Unit Type 

Unit Type Input Parameters 

Crude Units Crude Flow Crude Temp Crude API. Furnace Outlet Temp Column Pressure 
Vacuum Units ATB Flow ATB Temp ATB API feet) Furnace Outlet Temp Column Pressure 
FCC Units Fresh Feed Rate Preheat Temp Riser Outlet Temp O or COVol.% Air or WG Flow 

Hydrocrackers Fresh Feed Rate WABT Recycle Flow 
Reformers Fresh Feed Rate WAIT LHSV inferred) 

Hydrotreaters Fresh Feed WABT LHSV inferred) 
Cokers Fresh Feed Furnace Outlet Temp Recycle Flow CFR 

TABLE 200 

Output Data Collected by UnitType 

Unit Type Output Parameters 

Crude Units Draw Temp of each Draw Flow Rate of each Bottoms Flow Rate Bottoms Flow Temp 

Vacuum Units 

FCC Units 

side draw product 
Draw Temp of each 
side draw product 
Draw Temp of each 

side draw product 
Draw Flow Ra 
side draw product 
Draw Flow Ra 

e of each 

e of each 

Hydrocrackers 

Reformers 

Hydrotreaters 

Cokers 

side draw product 
Draw Temp of each 
side draw product 
RONCOctane 
Analysis 
Draw Temp of each 
side draw product 
Draw Temp of each 
side draw product 

side draw product 
Draw Flow Rate of each 
side draw product 
Product Flow Rate 

Draw Flow Rate of each 
side draw product 
Draw Flow Rate of each 

side draw product 

Bottoms Flow Rate 

Bottoms Flow Rate 

Bottoms Flow Rate 

Product Flow Temp 

Bottoms Flow Rate 

Bottoms Flow Rate 

Bottoms Flow Temp 

Bottoms Flow Temp 

Bottoms Flow Temp 

Bottoms Flow Temp 

Bottoms Flow Temp 
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TABLE 300 TABLE 400 

Output Data Collected by UnitType - Example VGain Matrix for a Crude Unit 

Crude-Switch Crude Feed Rate Furnace Inlet Temp API, 
Side-Draw Stream F. vol% o Ffo F. oFAPI 

Unit Type Normall-State Data or Drum-Switch Data 
LSR 16.9 1.O 13.8 

Crude Units 24-hr datasets - 3 ea 24-hr datasets - 3 ea Med Naphtha 12.9 1.O 12.4 
Vacuum Units 24-hr datasets - 3 ea 24-hr datasets - 3 ea Hvy Naphtha 12.2 1.O 11.1 
Reformers 12-hr datasets - 3 ea Lt Kerosene 11.3 1.O 9.7 
FCC Units 12-hr datasets - 3 ea Kerosene 11.2 1.O 8.4 
Hydrocrackers 12-hr datasets - 3 ea R : s s: 
Hydrotreators 12-hr datasets - 3 ea HGO 11.7 1.O 4.4 
Cokers 12-hr datasets - 3 ea 12-hr datasets - 3 ea LVGO 12.8 1.O 3.0 

TABLE SOO 

Automated Advice using the “Performance Key derived from Vo-Vi-Vrr. 

Performance 
Key Advice 2 Advice 3 

-1-1 Excellent overall performance. Excellent variability reduction with controls. 
-2-1 Excellent overall performance. Excellent variability reduction with controls. 
-3-1 Excellent overall performance. Excellent variability reduction with controls. 
-4-1 Excellent overall performance. Excellent variability reduction with controls. 
-1-2 Excellent overall performance. Better than average variability reduction with controls. 
-2-2 Excellent overall performance. Better than average variability reduction with controls. 
-3-2 Excellent overall performance. Better than average variability reduction with controls. 
-4-2 Excellent overall performance. Better than average variability reduction with controls. 
-1-3 Excellent overall performance. Below average variability reduction with controls. 
-2-3 Excellent overall performance. Below average variability reduction with controls. 
-3-3 Excellent overall performance. Below average variability reduction with controls. 
-4-3 Excellent overall performance. Below average variability reduction with controls. 
-1-4 Excellent overall performance. Poor variability reduction with controls. 
-2-4 Excellent overall performance. Poor variability reduction with controls. 
-3-4 Excellent overall performance. Poor variability reduction with controls. 
-4-4 Excellent overall performance. Poor variability reduction with controls. 

2-1-1 Better than study average overall performance. Excellent variability reduction with controls. 
2-2-1 Better than study average overall performance. Excellent variability reduction with controls. 
2-3-1 Better than study average overall performance. Excellent variability reduction with controls. 
2-4-1 Better than study average overall performance. Excellent variability reduction with controls. 
2-1-2 Better than study average overall performance. Better than average variability reduction with controls. 
2-2-2 Better than study average overall performance. Better than average variability reduction with controls. 
2-3-2 Better than study average overall performance. Better than average variability reduction with controls. 
2-4-2 Better than study average overall performance. Better than average variability reduction with controls. 
2-1-3 Better than study average overall performance. Below average variability reduction with controls. 
2-2-3 Better than study average overall performance. Below average variability reduction with controls. 
2-3-3 Better than study average overall performance. Below average variability reduction with controls. 
2-4-3 Better than study average overall performance. Below average variability reduction with controls. 
2-1-4 Better than study average overall performance. Poor variability reduction with controls. 
2-2-4 Better than study average overall performance. Poor variability reduction with controls. 
2-3-4 Better than study average overall performance. Poor variability reduction with controls. 
2-4-4 Better than study average overall performance. Poor variability reduction with controls. 
3-1-1 Overall unit performance is below study average. Excellent variability reduction with controls. 
3-2-1 Overall unit performance is below study average. Excellent variability reduction with controls. 
3-3-1 Overall unit performance is below study average. Excellent variability reduction with controls. 
3-4-1 Overall unit performance is below study average. Excellent variability reduction with controls. 
3-1-2 Overall unit performance is below study average. Better than average variability reduction with controls. 
3-2-2 Overall unit performance is below study average. Better than average variability reduction with controls. 
3-3-2 Overall unit performance is below study average. Better than average variability reduction with controls. 
3-4-2 Overall unit performance is below study average. Better than average variability reduction with controls. 
3-1-3 Overall unit performance is below study average. Below average variability reduction with controls. 
3-2-3 Overall unit performance is below study average. Below average variability reduction with controls. 
3-3-3 Overall unit performance is below study average. Below average variability reduction with controls. 
3-4-3 Overall unit performance is below study average. Below average variability reduction with controls. 
3-1-4 Overall unit performance is below study average. Poor variability reduction with controls. 
3-2-4 Overall unit performance is below study average. Poor variability reduction with controls. 
3-3-4 Overall unit performance is below study average. Poor variability reduction with controls. 
3-4-4 Overall unit performance is below study average. Poor variability reduction with controls. 
4-1-1 Overall unit performance is 4th quartile. Excellent variability reduction with controls. 
4-2-1 Overall unit performance is 4th quartile. Excellent variability reduction with controls. 
4-3-1 Overall unit performance is 4th quartile. Excellent variability reduction with controls. 
4-4-1 Overall unit performance is 4th quartile. Excellent variability reduction with controls. 
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TABLE 500-continued 

Automated Advice using the “Performance Key derived from Vo-Vi-Vrr. 

Better than average variability reduction with controls. 
Better than average variability reduction with controls. 
Better than average variability reduction with controls. 
Better than average variability reduction with controls. 
Below average variability reduction with controls. 
Below average variability reduction with controls. 
Below average variability reduction with controls. 
Below average variability reduction with controls. 
Poor variability reduction with controls. 
Poor variability reduction with controls. 
Poor variability reduction with controls. 
Poor variability reduction with controls. 

Advice 5 

This unit is a goo 
This unit is a goo 

This unit is a goo 
This unit is a goo 

Tune existing contro 
Tune existing contro 

Tune existing contro 
Tune existing contro 
Tune existing contro 
Tune existing contro 

Reduce input variabi 
Reduce input variabi 

candidate for RTO. 
candidate for RTO. 

Reduce input variability for additional performance. 
Reduce input variability for additional performance. 

candidate for RTO. 
candidate for RTO. 

Reduce input variability to improve performance. 
Reduce input variability to improve performance. 

S for improved performance. 
S for improved performance. 
ity and tune existing controls. 
ity for additional performance. 
S for improved performance. 
S for improved performance. 
S for improved performance. 
S and reduce input variability. 

4-1-2 Overall unit performance is 4th quartile. 
4-2-2 Overall unit performance is 4th quartile. 
4-3-2 Overall unit performance is 4th quartile. 
4-4-2 Overall unit performance is 4th quartile. 
4-1-3 Overall unit performance is 4th quartile. 
4-2-3 Overall unit performance is 4th quartile. 
4-3-3 Overall unit performance is 4th quartile. 
4-4-3 Overall unit performance is 4th quartile. 
4-1-4 Overall unit performance is 4th quartile. 
4-2-4 Overall unit performance is 4th quartile. 
4-3-4 Overall unit performance is 4th quartile. 
4-4-4 Overall unit performance is 4th quartile. 

Performance 
Key Advice 4 

-1-1 Excellent low input variability. 
-2-1 Good low input variability. 
-3-1 Higher input variability than the study average. 
-4-1 Excessively high input variability. 
-1-2 Excellent low input variability. 
-2-2 Good low input variability. 
-3-2 Higher input variability than the study average. 
-4-2 Excessively high input variability. 
-1-3 Excellent low input variability. 
-2-3 Good low input variability. 
-3-3 Higher input variability than the study average. 
-4-3 Excessively high input variability. 
-1-4 Excellent low input variability. 
-2-4 Good low input variability. 
-3-4 Higher input variability than the study average. 
-4-4 Excessively high input variability. 

2-1-1 Excellent low input variability. 
2-2-1 Good low input variability. 
2-3-1 Higher input variability than the study average. 
2-4-1 Excessively high input variability. 
2-1-2 Excellent low input variability. 
2-2-2 Good low input variability. 
2-3-2 Higher input variability than the study average. 
2-4-2 Excessively high input variability. 
2-1-3 Excellent low input variability. 
2-2-3 Good low input variability. 
2-3-3 Higher input variability than the study average. 
2-4-3 Excessively high input variability. 
2-1-4 Excellent low input variability. 
2-2-4 Good low input variability. 
2-3-4 Higher input variability than the study average. 
2-4-4 Excessively high input variability. 
3-1-1 Excellent low input variability. 

3-2-1 Good low input variability. 

3-3-1 Higher input variability than the study average. 
3-4-1 Excessively high input variability. 
3-1-2 Excellent low input variability. 

3-2-2 Good low input variability. 

3-3-2 Higher input variability than the study average. 
3-4-2 Excessively high input variability. 
3-1-3 Excellent low input variability. 

3-2-3 Good low input variability. 

3-3-3 Higher input variability than the study average. 

3-4-3 Excessively high input variability. 

3-1-4 Excellent low input variability. 

3-2-4 Good low input variability. 

3-3-4 Higher input variability than the study average. 

This unit is a goo 
This unit is a goo 

This unit is a goo 

Tune existing contro 
Tune existing contro 

Tune existing contro 
Tune existing contro 
Tune existing contro 
Tune existing contro 
Factors not measure 
performance. 
Factors not measure 
performance. 
Reduce input variabi 
Reduce input variabi 
Factors not measure 
performance. 
Factors not measure 
performance. 
Reduce input variabi 
Reduce input variabi 
Tune existing contro 
control applications. 
Tune existing contro 
applications. 
Reduce input variabi 
control applications. 
Reduce input variabi 
control applications. 
Tune existing contro 
improvements. 
Tune existing contro 
improvements. 
Reduce input variabi 
consider control app 

Reduce input variabi 
Reduce input variabi 

candidate for RTO. 
candidate for RTO. 

Reduce input variability to improve performance. 
Reduce input variability to improve performance. 

candidate for RTO. 
This unit is a good candidate for RTO. 
Reduce input variabi 
Reduce input variabi 

ity for additional performance. 
ity for additional performance. 
S for improved performance. 
S for improved performance. 
ity and tune existing controls. 
ity to improve performance. 
S for improved performance. 
S for improved performance. 
S for improved performance. 
S and reduce input variability. 
by this study are affecting 

by this study are affecting 

ity to improve performance. 
ity to improve performance. 
by this study are affecting 

by this study are affecting 

ity to improve performance. 
ity to improve performance. 
Sthen consider improved 

Sthen consider improved control 

ity, tune existing controls, consider 

ity, tune existing controls, consider 

S and consider control application 

S and consider control application 

ity, tune existing controls, 
ications. 
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TABLE 500-continued 

Jul. 11, 2013 

Automated Advice using the “Performance Key derived from Vo-Vi-Vrr. 

3-4-4 Excessively high input variability. Reduce input variability, tune existing controls, 
consider control applications. 

4-1-1 Excellent low input variability. Factors not measured by this study are affecting 
performance. 

4-2-1 Good low input variability. Factors not measured by this study are affecting 
performance. 

4-3-1 Higher input variability than the study average. Reduce input variability to improve performance. 
4-4-1 Excessively high input variability. Reduce input variability to improve performance. 
4-1-2 Excellent low input variability. Factors not measured by this study are affecting 

performance. 
4-2-2 Good low input variability. Factors not measured by this study are affecting 

performance. 
4-3-2 Higher input variability than the study average. Reduce input variability for additional performance. 
4-4-2 Excessively high input variability. Reduce input variability for additional performance. 
4-1-3 Excellent low input variability. Tune existing controls then consider improved control 

applications. 
4-2-3 Good low input variability. Tune existing controls then consider improved control 

applications. 
4-3-3 Higher input variability than the study average. Reduce input variability, tune existing controls 

and consider control applications. 
4-4-3 Excessively high input variability. Reduce input variability, tune existing controls and 

consider control applications... 
4-1-4 Excellent low input variability. Tune existing controls and consider control application 

improvements. 
4-2-4 Good low input variability. Tune existing controls and consider control application 

improvements. 
4-3-4 Higher input variability than the study average. Reduce input variability, tune existing 

controls and consider control applications. 
4-4-4 Excessively high input variability. Reduce input variability, tune existing controls and 

consider control applications. 

We claim: 6. A system for estimating the economic value of closing 
1. A computer implemented method for estimating the 

economic value of closing performance gaps of an industry 
unit comprising the steps of 

determining, by a processor, output variability for the unit; 
determining, by a processor, overall induced variability for 

the unit; 
determining, by the processor, overall variability reduction 

ratio for the unit; 
determining, by the processor, a benchmark achievable 

standard deviation for the unit based on overall induced 
variability and overall variability reduction ratio for the 
unit; 

determining a performance gap for the unit based on the 
benchmark achievable standard deviation and the output 
variability of the unit; and 

estimating the economic value corresponding to improving 
the performance gap for the unit. 

2. The computer-implemented method of claim 1, wherein 
the economic value is estimated for increasing the units 
production yield. 

3. The computer-implemented method of claim 1, wherein 
the economic value is estimated based on the increase in the 
units product yield and the price of the product produced by 
the unit. 

4. The computer-implemented method of claim 1 wherein 
the economic value is estimated for improving the units 
energy savings. 

5. The computer-implemented method of claim 1, wherein 
the economic value is estimated for improving the units 
capacity. 

performance gaps of an industry unit comprising: 
a server, comprising: 
a processor, and 
a storage Subsystem; 
a database stored by the storage Subsystem comprising: 
operational performance data for the unit comprising input 

and output variable values; 
a computer program stored by the storage Subsystem, when 

executed causing the processor to: 
determine output variability for the unit; 
determine overall induced variability for the unit; 
determine overall variability reduction ratio for the unit; 
determine a benchmark achievable standard deviation for 

the unit based on overall induced variability and overall 
variability reduction ratio for the unit; 

determine a performance gap for the unit based on the 
benchmarkachievable standard deviation and the output 
variability of the unit; and 

estimate the economic value corresponding to improving 
the performance gap for the unit. 

7. The system of claim 6, wherein the economic value is 
estimated for increasing the units production yield. 

8. The system of claim 6, wherein the economic value is 
estimated based on the increase in the units product yield and 
the price of the product produced by the unit. 

9. The system of claim 6, wherein the economic value is 
estimated for improving the units energy savings. 

10. The system of claim 6, wherein the economic value is 
estimated for improving the units capacity. 

k k k k k 


