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The present invention relates to a component mapper for use in connection with 

5 a real-time optimization process relating to a refinery operation. More particularly, the present 

invention relates to such a component mapper that obtains values of model components and 

then calculates values of sub-components of the model components. 

As is known, in an optimization process, a system is computer modeled, and the 

model is optimized so as to maximize certain results and/or minimize certain results. As is 

10 known, such optimization typically involves an iterative mechanism whereby system settings are 

settled upon. The result of a real-time optimization of a computer model, then, is a plurality of 

set points that will achieve the aforementioned optimization. 

Such an optimization process typically includes the steps of collecting system 

data and performing an optimization routine based on such collected data. If the optimization 

15 routine is concluded relatively quickly, the system likely will not have signifi~tly changed, and 

the results of the optimization will likely be applicable to the system. Correspondingly, if the 

optimization routine is not concluded relatively quickly, the system likely will have significantly 

changed, and the results of the optimization will likely not be applicable to the system. For 

example, if the optimization routine is based on one ambient temperature and is concluded when 

20 the ambient temperature has decreased by ten degrees, it is likely that such decrease will 

materially affect the validity of the results of the optimization process. It is necessary, then, that 

the optimization routine be perfonned relatively quickly. 

In the oil refining industry, reill-time optimization processes have been employed 

in an effort to real-time optimize an oil refinery or a portion thereof. In a real-time optimization 

25 of an entire refinery, necessary inputs typically include pre-defined parameters that define plant 

economics; information on available crude oil feed stocks.· and assays I analyses of such feed 

stocks; operating constraints on the plant, such as whether particular facilities within the plant 

are available; operating conditions at the plant site, including ambient temperature and air 

pressure as well as humidity and precipitation information; and other similar information about 

30 the overall refinery, its environment, and its operating elements. Based on such inp\ltS, then, the 

goal is to optimize the perfonnance of the entire refinery, or at least a portion thereof. 
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As should be understood, exactly what is being optimized may vary from day to 

day, or even ftom hour to hour. For example, during one eight-hour period, the refinery or a 

portion thereof may be optimi7.ed to produce gasoline. During the next four hours, the refinery 

or a po.-bon thereof may be optimized to produce home heating oil. During the next 48 hours 

s thereafter, the refinery or a portion thereof may be optimized, to produce both propane and 

ethylene. 

As may be appreciated, however, the effort to real-time optimize an oil refinery 

or a portion thereof is considerable. For one thing. the models for the elements in the refinery 

can be quite complex, involving many variables and complex equations. For another, the 

10 amount of infonnation that must be suppJied to the optimization, and that must be exchanged 

between the element models, can be tremendous. Accordingly, although an entire refinery can 

be and has been computer modeled for purposes of a real-time optimization process, the size 

and. complexity of the overall. model of the refinery has thus far resulted in an ~cessive .~unt 

of computing time necessary to optimize such overall model. As a result, such optimization 

15 process is not truly 'real-time'. 

Accordingly, a need exists for a true real-time optimization process in 

connection with optimization of an oil refinery or a portion thereof. 

The present invention satisfies the aforementioned need by providing a 

component mapper in connection with a process wherein a fluid stream. having multiple physical 

20 components is modeled as a plurality of pseudo-components. Each physical component has a 

boiling point, and each pseudo-component has a pre-defined boiling point and includes all 

physical components from the fluid stream having approximately the pre-defined boiling point. 

Each pseudo-component in the model of the fluid stream has a varying pre-defined property and 

a varying amount. 

25 A plurality of sub-pseudo-components are defined for each pseudo-component 

such that the pseudo-component is replaceable with the plurality of sub-pseudo-components. 

Each sub-pseudo component has the pre-defined boiling point of the pseudo-component, a pre­

defined value for the pre-defined property, and a varying amount. 

For each pseudo-component, a current value of the pre-defined property and a 

30 current amount. of the pseudo-component are obtained, and a current amount for each sub­

pseudo-component of the pseudo-component is then calculated. The pre-defined value of the 
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pre-defined property and the calculated current amount for each sub-pseudo-component of each 

pseudo-component are then utilized in a real-time optimization process. 

In one embodiment of the present invention, the pre-defined property is density, 

and the amount is percentage weight and percentage volume. 

s The forgoing summary as well as the following detailed d~ption of the 

present invention will be better understood· when read in conjunction with the appended 

drawings. As should be understood, however, that the invention is not limited to the precise 

arrangements and instrumentalities shown. In the drawings: 

Fig. 1 is a block diagram showing a typical configuration of refinery units 

10 including a reactor system integrated with a main ftactionator and one or more distillation 

columns; 

Fig. 2 is a block diagram in accordance with one embodiment of the present 

invention, and shows the reactor,·main ftactionator, and distillation columns ofFig. 1 modeled .· 

along with a component mapper; 

IS Fig. 3 is a graph showing a typical relationship between specific gravity I density 

and boiling point of pseudo components or lumps in a refinery fluid stream; 

Fig. 4A is a flowchart showing the steps perfonned in connection with the 

component mapper ofFig. 2; 

Fig. 4B is a block diagram showing the relationship between a pseudo-

20 component and its sub-pseudo-components in connection with the component mapper of Fig. 2; 

Fig. 4C is a block diagram showing the inputs and outputs of the component 

mapper of Fig. 2; 

Fig. 5 is a block diagram showing another typical configuration of refinery units 

including a main crude unit or coide fractionator receiving one or more crudes as an input 

2s thereto; and 

Fig. 6 is a block diagram in accordance with another embodiment of the present 

invention, and shows the main crude unit of Fig. S modeled along with the. component mapper. 

Certain terminology may be used in the following description for convenience 

only and is not considered to be limiting. The words "left", "right", "upper", and "lower" 

30 designate directions in the drawings to which reference is made. The words "inwardly'' and 

"outwardly" are further directions toward and away from, respective]y, the geometric center of 
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the referenced object. The terminology includes the words above specificalJy mentioned. 

derivatives thereo( and words of similar import. 

Referring to the drawings in detail wherein like numerals are used to indicate like 

elements throughou~ there is shown in Fig. 1 a typical configuration of a refinery system 1 Oa, 

s including a reactor system 12, a main ftactionator 14 and a series of distillation columns 16. As 

is known, the refinery system IOa may represent substantially an entire refinery. However, and 

more likely, a typical refinery will have several refinery systems lOa as shown in Fig. 1, as well 

as several other different refinery systems (not shown). Nevertheless, for purposes of 

understanding the present invention, it is necessary to consider onJy the refinery system lOa 

10 shown inFig.1. 

As is known, a typical refinery receives one or more types of crude oiJ as an 

input, and produces several different products as outputs. As is also known, crude oil in general 

is composed of thousands of different types of hydrocarbon-based molecules, ranging .~om. 

Jighter, relatively simple molecules (with relatively low boiling points) to heavier, relativdy 

IS complex molecules (with relatively high boiling points). As a prelimirwy step, then, and as will 

be discussed below in connection with Figs. 5 and 6, the crude oil is initially fractionated in a 

main crude unit to at least roughly separate such crude oil int() several fluid streams.according 

to the weights I boiling points of its compositional components. 

However, since the lower weight I boiling point fluid streams are considered 

20 more desirable, at least some of the higher weight I boiling point fluid streams are applied as a 

feed to a reactor process involving the reactor 12 of Fig. 1. The reactor 12 applies temperature, 

pressure, and/or a catalyst to the received feed in a known manner so as to break down the 

physical components within the feed from more complex, heavier molecules to less complex, 

lighter molecules. Accordingly, the reactor 12 produces a fluid stream at an output thereof that 

25 has more lower weight I boiling point physical components as compared with the feed to such 

reactor 12. The fluid stream output from such reactor 12 is then forwarded to the main 

fraCtionator 14 for receipt thereby. 

The main ftactionator 14, as is known, is a rather large vertical column having an 

established temperature gradient therein. Specifically, the fractionator 14 is relatively cool at 

30 the top (on the order of ambient temperature) and relatively hot on the bottom (on the order of 

1,000 to 1,200 degrees Fahrenheit or more). The physical components within the fluid stream 
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received by the main fractionator 14, then, settle out within the main fractionator 14 according 

to their respective boiling points. More specifical1y, each physical component of the fluid 

stream entering the main ftactionator 14 will rise and/or fall until it reaches equilibrium at its 

boiling point temperature within such fractionator 14. If a physical component is currently a 

s liquid, it will &II into hotter temperatures until it reaches a zone where it will boil into a gas. 

Correspondingly, if such physical component is currently a gas, it will rise into cooler 

temperatures until it reaches a zone where it will liquefy. 

The main fractionator 14 contains trays at a plurality of different heights I 

temperature zones (not shown) such that each tray roughly corresponds to a boiling point. 

10 Physical components within-the fluid stream that have approximately such boiling point, then, 

are collected in such tray and output as fluid streams for funher processing (PROD. 1, BY 

PROD. in Fig. 1). As should be understood, the main fractionator 14 perfonns a coarse 

separation of the fluid stream received from the reactor 12 into fractionated fluid stJ:'e8111S. _In 

order for finer separation of the fractionated fluid streams to take place, each fractionated tlqid 

lS streams is forwarded from the main fractionator 14 to one or more distillation colUJ:nns 16 for 

receipt thereby for further separation into finer components. 

As is known, each distillation column 16 operates on the same functional 

principles as the main fractionator 14. That is to say, each distillation column 16 establishes a 

temperature gradient in a vertical column, from cooler on top to hotter on bottom. -However, 

20 to achieve finer separation in, for example, a received fractionated fluid stream having a rough 

boiling point of300 degrees Fahrenheit, one distillation column 16 may have an established 

temperature range from 200 to 400 degrees Fahrenheit, and have trays at 20 degree Fahrenheit 

intervals therein. Likewise, to achieve finer separation in, for example, received fractionated 

fluid streams having rough boiling points of600 and 700 degrees Fahrenheit, another distillation 

2s column· 16 may have an established temperature range from 500 to 800 degrees Fahrenheit, and 

have trays at 30 degree Fahrenheit intervals therein. With such finer separation from multiple 

ones of the distillation columns 16, multiple products may be output therefrom (PROD. 2, 

PROD. 3, PROD. 4 in Fig. l)'. 

As should be recognized, although a reactor refinery system 1 Oa will likely 

30 contain the reactor 12, the main fractionator 14 and a series of distillation columns 16, as is 

shown in Fig. 1, the structure and organization of such reactor refinery system lOa may vary 
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without departing from the spirit and scope of the present invention. For example, multiple 

reactors 12 may be employed, where each reactor operates at different temperatures, pressures, 

and/~r with different catalysts. Likewise, multiple fulctionators.14 may be employed and 

multiple distillation columns 16 may be employed, all in muhiple different arrangements, both 

s serially and in parallel. For example, multiple fractionators 14 may be fed in parallel by multiple 

reactors 12, and multiple serieses of distillation columns· 16 may be fed in parallel by multiple 

ftactionators 14. 

Referring now to Fig. 2, it is seen that in perfonning an analysis on the reactor 

refinery system lOa ofFig. 1, each element as shown in Fig. 1 is replaced by and.represented by 

10 a corresponding computer model 18a operating on an appropriate computer system or 

processor 20. The processor or computer system 20 may be any appropriate device without 

departing from the spirit and scope of the present invention, as long as such processor 20 has 

sufficient power for running the model 18a in a.timely manner. For example, th~_proc~sor 20, 

may be a personal computer or work station processor, a mini-computer processpr, a nµdn- . . 

1s ·frame computer proeessor, or. the like. ,; ... 

Thus the reactor model 12m represents.the reactor 12, the main fractionator 

model 14m represents thcfinain ftactionator.14, and the distillation column models 16m .. 

represent the distillation columns 16. Any appropriate rigorous chemical engineering<materials 

and energy balanced models may be used for the models 12m, 14m, 16m without depaning 

20 from the spirit and scope of the present invention. Such models 12m, 14m, 16m are generally 

known and therefore do not require any detailed discussion in the present disclosure. Suffice it. 

to say, though. that each model 12m, 14m, 16m expects an input represen~ve ofa fluid 

stream or feed, and each model produces one or more outputs representing·the one or more 

fluid streams output ftom the corresponding element. 

25 As was discussed above, crude oil in general is composed of thousands of 

different types of hydrocarbon-based molecules. Correspondingly, in any refinery process, the 

fluid stream or feed received by a particular element is a complex amalgam of thousands of 

chemical compounds and molecules. Although each and every compound and/or molecule in a 

fluid stream may be individually taken into account for purposes of any one model, it has long 

30 been recognized that such a model would be far too complex and would require far too much 

computing time. 
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Instead, it has been found that by grouping compounds and molecules into 

pseudo-components or lumps based on boiling points, and by modeling based on such lumps, 

good modeling results may be obtained. This is especially true in view of the fact that much of 

the operation of a refinery depends on boiling points of compositional components of crude oil. 

s In one typical system of boiling point temperature lumps, a pseudo-component 

or lump 112 is defined to include all physical components that have a boiling point of 

approximately 112 degrees Fahrenheit, lump 130 is de.tined to include all physical components 

that have a boiling point of approximately 130 degrees Fahrenheit, etc. Such system continues 

with lumps in increments of 20 degrees Fahrenheit (1 SO, 170, etc.) up to approximately 1,010 

10 degrees Fahrenheit. However, other systems of temperature lumps are also known, and such 

other systems may be employed without departing from the spirit and scope of the present 

invention. For ·example, the range of the lumping system can be expanded or contracted, and 

·the periodicity within the range can be likewise expanded or contracted. Moreover, certain 

ones of the lumps may be ignored. if it is deemed advisable to do so. 

15 With the aforementioned lumping system, each input to and output from a 

particular model 12m, 14m, 16m may be defined according to the lumps contained therein. 

Moreover, it has been found that modeling with such lumps gives acceptable optimization 

results~ Nevertheless, the time necessary to obtain such results is too long, even with advanced 

computers. As a rough estimate, in refinery optimization, if a computer modeling system 

20 cannot provide results within 45 minutes, such co~puter modeling system cannot be fairly 

characterized as a real-time optimization process. Put another way, an optimization result for 

data obtained at time T will not be valid at time T plus 45 minutes because of the likelihood that 

conditions will change significantly in the intervening time. 

With each element in a refinery or portion thereof being represented by its model 

25 12m, 14m, 16m, the optimization process can take place. In such process, refining of the feed is 

optimized based on pre-selected optimization variables. In particular~ and as is known, certain 

inputs and/or outputs and/or other operating parameters of the refinery system 1 Oa are selected 

to be maximized or minimized, and the optimization process fine-tunes such models 12m, 14m, 

16m in an iterative manner until optimization is achieved (if indeed optimization is possible). 

30 The process of optimization is generally known and therefore need not be further described here 

in any detail. 
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A significant problem that has heretofore prevented realization of true real-time 

optimization results from the fact that the specific gravity I density of each lump as it is input 

into the ftactionator model l4m or distillation column model 16m·can vary from iteration to 

iteration in the optimization prc>cess. More specifically, such models 14m, 16m require a large 

s additional amount of processing time when they receive as inputs lumps whose specific gravity I 

density varies from iteration to iteration. As should be understood, such variations in lump 

specific gravity I density occur as a result of changes in yields of the lumps as they are output 

from the reactor model 12m from iteration to iteration, where such changes occur with changes 

in temperatures, pressur~ and/or catalysts used. Such changes in lump yields, .as should be 

10 understood, correspond to changes in the yields from the reactor 12 of the physical components 

that correspond to the lumps. 

The large additional amount of processing time required by variations in lump 

specific gravity I density in the main ftactionator model 14m and the distillation.~tum_. m()dels 

16m radically increase the time it takes for a real-time optimization process to reach 

IS equilibrium, to the point where such proc:eSs is not fo fact.reasonably considered to be real-time 

(i.e. greater than 45 minutes). 

As should be understood, the output of the reactor model 12m is a plurality of 

lumps corresponding to a fluid stream, where each lump in such fluid stream has a varying 

density D, a varying percentage weight %W, and a vacying percentage volume %V; Such 

20 values are known for each lump in such outputted fluid stream, as is the total density DT of 

such outputted fluid stream, and are supplied by the reactor model 12m. 

25 

As a reminder, density d of an object is determined as weight w I volume v. For 

any particular lump, percentage weight %W is w1ump I WICJlal, and percentage volume %Vis v1amp I 

v .. 1• Accordingly, the density D of such lump is: 

D = (% w * Wtota1) I (% v * Vtota1>. 

or D = (w1o1a1 I V1ata1) *(%WI %V), 

or D=DT * %W /%V, 

where DT is.the total density of the fluid stream within which the lump resides. Since specific 

gravity is closely related to density in that specific gravity is density as compared with the 

30 density of water, similar ca1culations may be performed to show that the specific gravity SG of a 

lump is: 
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SG=SGT*%W/%V, 

where SGT is the total specillc gravity of the fluid stream within which the lump resides. 

Because of the close relationship between specific gravity and density. it is hereby understood 

that such terms are interchaiigeable in the present disclosure and appended claims, except in any 

s instance where necessity or logic dictates otherwise. 

In the present invention, the problem of varying lump density is solved by 

defining for each lump a plurality of sub-lumps, where each sub-lump has a constant density. 

More particularly, and as seen in Fig. 2, in the present invention, a component mapper 22 is 

employed to receive as an input each lump outputted from the reactor model 12, and to provide 

10 at an output a plurality of sub-pseudo-components or sub-lumps for each inputted lump such 

that the inputted lump is replaceable with the plurality of outputted sub-lumps. Importantly, 

while each inputted lump has a density that can vary from iteration to iteration, each sub-lump 

outputted from the component mapper 22 has a pre-defined. constant ·density. AIS() importantly,· 

each sub-ltimp bas the pre-defined boiling point of its corresponding inputted lump. Each sub-

15 lump has a percentage weight and a percentage volume that varies from iteration to iteration ..... · 

The component mapper 22, then, determines the percentage weight and percentage volume for 

ea.Ch sub-lump for each iteration in a manner so that: 1) the density of each sub-lump· remains . 

constant; 2) weight is conserved (the percentage weight of a lump is equal to the sum of the 

percentage weights of all of its sub-lumps) and 3) volume is conserved (the percentage volume . 

20 of a lump is equal to the sum of the percentage voluJiles of all of its sub-lumps). 

In defining the sub-lumps (step 401, Fig. 4A), the number of sub-lumps for each 

lump may vary without departing frorri the spirit and scope of the present invention. For 

example, 2, 3, 4, or even more sub-lumps may be employed for each lump. However, it does 

bear mentioning that each additional sub-lump will increase computing time in the model 18a. 

25 The manner in which each sub-lump is definCd may likewise vary without dq>arting from the 

spirit and scope of the present invention. 

In one embodiment of the present invention, and referring now to Fig. 3, a 

lilGH (H) sub-lump (the triangle mark) having a relatively high pre-defined density and a LOW 

(L) sub-hunp (the diamond mark) having a relatively low pre-defined density are defined for 

30 each lump (the square mark). As can be seen from Fig. 3, for any lump, the lump and its sub­

lumps reside in a vertical line, owing to the fact that they share a common fixed boiling point. 
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Preferably, for each lump, the re}atively high pre-defined density of the 

corresponding H sub-lump is detennined as appro?dmately the highest likely density that the 

lump can achieve, and the relatively.low pre-definc;d density of the corresponding L sub-lump is 

determined as approximately the lowest likely density that the lump can achieve. Accordingly, 

s such sub-lumps generally define the likely density range within which the lump can 'roam'. 

As is known, such highest and lowest likely density information is available or 

can be determined. In particular, for any feed to the reactor 12 / reactor model 12m, assay 

infonnation is available or can be detennin~d. !Qld such assay infonnation can be employed in a 

known manner to determine such density information. The graph shown in Fig: 3 is but one 

10 example of density information derived from assay information. Of course, the marks in the 

graph will vary from feed to f~. 

As was discussed above, the component mapper 22 determines the percentage 

weight and percentage volume for each sub-lump for each iteration in a manner so _yiat: I) the. 

density of each sub-lump remains constant; 2) weight is._conserved; and 3) volume is conserved. 

IS Accordingly, the component mapper 22 requires as input for each lump: the percentage. weight. 

%W of such lump; and the percentage volume%V of such lump. In addition, to perform .. 

density calculations based on percentage figures; the component mapper requires as input the ... 

total density DT of the fluid stream within which the lump. resides. As seen in Fig. 4B; based on 

the received percentage weight and percentage volume values for the lump (pseudo-component 

20 L), the component mapper 22 calculates percentage weight and percentage volume values for 

each of a pair of sub-lumps (sub-pseudo-components SLI and SL2). 

Referring now to Fig. 4C, the first sub-lump (i.e .• one of the H or L sub-lumps) 

will have a (pre-defined) density DI, a (varying) percentage weight o/oWl, and a (varying) 

percentage volume %VI, where such values are related as follows: 

2S DI =DT *%WI /%VI. (I) 

Likewis~ the second sub-lump (i.e., the other of the H and.L sub-lumps) will have a (pre­

defined) density D2. a (varying) percentage weight %W2, and a (varying) percentage volume 

%V2, where such values are related as follows: 

D2 = DT * %W2 / o/o V2. (2) 

30 Since weight and volume are each conserved. it is necessary that: 

%W = o/oWl + %W2, (3) 
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and %V=%Vl +%V2. (4) 

Dl and D2 are pre-defined, and %W, % V, and DT are received by the 

component mapper 22, as seen in Fig. 4C. Accordingly, the un-known values are %Wt, %W2, 

%Vt, and %V2. Since there are fourun-known values and four equations (eqs. (1)-(4)), then, 

s the four equations can be solved to define each of the four un-known.values according to 

known values. 

For each lump, then, the component mapper obtains a current density D, a 

current percentage weight %W, and a cutTent percentage volume %V (step 403, Fig. 4A). 

Wrth such infonnation, the component mapper then calculates the sub-lump values %Wt, 

10 %W2, %Vl, and %V2 according to eqs. (1)-(4) (step 405, Fig. 4A). As should be understood, 

the component mapper 22 can employ any of a variety of specific measures to perform the 

aforementioned calculation without departing from the spirit and scope of the present invention. 

For example, the component mapper 22 can be supplied with eqs. (1)-(4) in the form disclosed 

abov~ and then perfonn appropriate calculations in a known manner. Of course, the 

15 component mapper 22 can also be supplied with eqs. (l)-(4) in a form solved to define each of· 

the four un-known values according to known values, and then likewise perform appropriate 

calculations in a known manner. 

Once the component mapper 22 has determined percentage weight and 

percentage volume values for all the sub-lumps of all the lumps, such values are then output 

20 :from the component mapper 22 to be utilized in a real-time optimization process (step 407, Fig. 

4A). In particular, the values output :from the component mapper 22 are received by the 

:fraetionator model 14m, as is shown in Fig. 2. As should now be understood, the component 

mapper replaces the varying density lumps with the pre-defined density sub-lilinps. As should 

also be understood, since the optimization ·process is an iterative process, and since each 

25 iteration may produce different data output from the reactor model 12m, the component mapper 

22 repeatedly obtains current, updated input information from the reactor model 12m. performs 

the necessary calculations on such information, and produces current, updated output 

information for receipt by the fractionator model l 4m. 

Importantly, now that the fractionator model 14m can assume that the density of 

30 each of the sub-lumps is constant, the processing time for such :fractionator model 14m is 

greatly reduced. Since the :fractionator 14 I :fractionator model 14m should not alter the density 
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of any sub-lump, the output of such fractionator model J4m will comprise pre-defined density 

sub-lumps. Ac<:ordingly, and also importantly, the distillation models 16m can assume that the 

density of each of the sub-lumps is constant, and the processing time for such distillation models 

16m is also greatly reduced. Empirically, it has been found that the reductions in processing 

s time achieved by employing pre-defined density sub-lumps are enough to qualify the modeling 

process embodied in the model I Sa as a real-time optimizatfon process. That is, with pre­

defined density sub-hunps, processing time for the model I Sa is now less than 4S minutes. 

Turning now to Fig. 5, another refinery system 1 Ob is shown. As seen, the 

refinery system lOb can receive a·plurality of feeds simultaneously, and such feeds are combined 

10 and directed to a fractionator 14. In one embodiment of the refinery system I Ob, such system 

1 Ob is the main crude unit discussed briefly above. In such main crude unit, several distinct 

crude oil feed stocks can be simultaneously directed in pre-defined proportions or percentages 

to the fractionator 14 in a combined fluid stream. The ftactionator 14 then initially ftactiona~ 

the combined fluid stream to at least roughly separate such fluid stream into several fluid 

15 ' streams (PROD. 1 - PROD. S, etc.) for. further processing or the like. The ftacti9nator 14 in · 

refinery system lOb is identical in operation to the fractionator 14 in refinery system._lOa. _ - -

although the outputs may differ. In another embodiment of the refinery system.JOb, the 

-- ftactionator 14 is any fractionator or distillation column that can receive-several distinct fluid. 

streams simultaneously directed thereto in pre-defined proportions or percentages in a combined 

20 fluid stream. 

As with the refinery system lOa, and referring now to Fig. 6, it is seen that in 

performing an analysjs on the refinery system I Ob of Fig. S, each el~ent as shown in Fig.Sis 

replaced by and represented by a corresponding computer model l 8b operating on an 

appropriate computer system or processor 20. In this case, the model 18b includes the 

25 ftactionator model 14m representative of the ftactionator 14, plus an additional modeling 

construct to define the proportion or percentage of each individual_ fluid stream in the combined 

fluid stream received by the ftactionator model 14m. 

As before, optimization takes place with the model t8b. Here, however, the 

optimization process can vary or adjust the proportion or percentage of the several individual 

30 feeds (crude oils in Figs. 5 and 6) as part of such optimization process. In this case, the 

combined fluid stream is modeled as a plurality of lumps, where each lump has a varying 



W000/11550 PCT/US99/18710 

13 

density. The lump density values are known based on obtained assay information for each 

individual fluid stream in the combined fluid stream, and also based on the proportion or 

percentage combination of all the individual fluid streams in the combined fluid stream. 

The model 18b of the refinery system 1 Ob has a component mapper 22 which is 

s substantially identical to the component mapper 22 in the model 18a of the refinery system lOa. 

Accordingly, the component mapper 22 in the refinery system 1 Ob operates based on pre­

defined sub-lumps, each of which has a pre-defined density. 

For each lump, then, the component mapper 22 in the refinery system lOb 

obtains a current density, a current percentage weight, and a current percentage volume (step 

10 403, Fig. 4A). With such information, the component mapper then calculates a current 

percentage weight and a current percentage volume for each sub-lump of the lump (step 405, 

Fig. 4A). 

Once the component mapper 22 in the refinery system 1 Ob has determined 

percentage weight and percentage volume values for all the sub-lumps of all the lumps, such 

15 values are then output :from the component mapper 22 to be utilized in a real-time optimization 

process (step 407, Fig. 4A). In particular, the sub-lump values output from the component 

mapper 22 are received by the :fractionator model 14m, as is shown in Fig. 6. As before, the 

fractionator model 14m of the model 18b can assume that the density of each of the sub-lumps 

is constant, with the result being that the processing time for such fractionator model 14m is 

20 greatly reduced to the point where real-time optimization is achieved. 

Although thus far described in terms of producing sub-lumps having pre-defined 

densities, the component mapper 22 of the present invention is not limited merely to such 

endeavor. Instead, the component mapper 22 may be employed, with appropriate modification, 

to producing sub-lumps having any kind of pre-defined property without departing from the 

2s spirit and scope of the present invention. For example, rather than adjusting percentage weight 

and percentage volume to achieve a pre-defined density, the component mapper 22 may adjust 

density and percentage weight to achieve a pre-defined percentage volume. In fact, the pre­

defined property may be any appropriate physical property or chemical property, including but 

not limited to a cold property, an octane number, a chemical content, a chemical type, a 

30 viscosity, or the like. Of course, for the selected pre-defined property, the component mapper 

22 must have a corresponding varying amount that can be adjusted to achieve a pre-defined 
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value for the pre-de1ined property. Such varying amount may be a percentage value 

representative of a chemical or a physical property. and can include percentage weiA 

percentage volume, mole percentage. or the like. 

In the present inventio~-a component mapper produces pre-defined density or 

s other property sub-lumps from varying density or other property lumps. The details and 

mechanics of the programming necessary to effectuate the component mapper. the models. and 

other features have not been provided in any great specificity, owing to the fact that such details 

are already generally known or should now be apparent and should therefore be readily 

appreciated by those skilled in the art .. Those skiJled in the art should also appreciate that 

10 changes could be made to the embodiments described above without departing from the 

inventive concepts thereo£ It is understood. therefore, that this invention is not limited to the 

particular embodiments disclosed, but instead it encompasses modifications within the spirit and 

· '· · scope of the present invention as defined by the appended· claims. 



W000/11550 PCT/US99/18710 

lS 

CLAIMS: 

s 1. A method in connection with a process wherein a fluid stream having 

multiple physical components is modeled as a plurality of pseudo-components, each physical 

component having a boiling point, each pseudo-component having a pre-defined boiling point 

and including all physical components from the fluid stream having approximately the pre­

defined boiling point, each pseudo-component in the model of the fluid stream having a varying 

10 pre-defined property and a varying amount, the method comprising the steps of: 

defining for each pseudo-component in the model of the fluid stream a 

plurality of sub-pseudo-components such that the pseudo-component is replaceable with the 

plurality of sub-pseudo-components, each sub-pseudo component having the pre-defined boiling. 

point of the pseudo-component, a pre-defined value for the pre-defined property, and a varying 

IS amount; 

for each pseudo-component: 

obtaining a current value of the pre-defined property and a 

current amount of the pseudo-component; and 

calculating a current amount for each sub-pseudo-component of 

20 the pseudo-component; and 

utilizing the pre-defined value of the pre-defined property and the 

calculated current amount for each sub-pseudo-component of each pseudo-component in a real­

time optimi7.ation process. 

25 2. The method of claim 1 wherein the amount is a percentage weight, a 

percentage volwne, or a mole percentage. 

3. The method of claim 1 wherein the pre-defined property is a density, a 

cold property, an octane number, a chemical content, a chemical type, or a viscosity. 

30 

11111111 lllllUllll 11111111111 : 
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4. The method of claim 1 in which each pseudo-component in the model of the 

fluid stream has a varying density, a varying percentage weight, and a varying percentage 

volume, and each sub-pseudo component is defined to have the pre-defined boiling point of the 

pseudo-component, a pre.defined density, a varying percentage weight, and a varying 

s percentage volume; and for each pseudo-component: 

a current density, a CWTent percentage weight, and a current 

percentage volume are obtained; and 

a current percentage weight value and a current percentage 

volume value for each sub-pseudo-component of the pseudo-component are calculated; and 

10 the pre-defined density value, the calculated current percentage weight 

value, and the calculated current percentage volume value for each sub-pseudo-component of 

each pseudo-component are utilized. 

s. The method of claim 4 wherein the modeled fluid stream js forwarded to a 

lS · ftactionator or distillation column for fluid distillation, and wherein the utilizing step comprises 

utilizing the pre-defined density value. the calculated current percentage weight value, and the 

calculated current percentage volume value for each sub-pseudo-component of each p~do­

component in a real-time optimization process which includes modeling ofthe fractionator or .. 

distillation column based on the pre-defined density value. the calculated current percentage 

20 \Veight value. and the calculated current percentage volume value for each sub-pseudo­

component of each pseudo-component. 

30 

6. The method of claim 4 further comprising the step of selecting the modeled fluid 

stream to be a varying combination of a plurality of distinct fluid streams. 

7. The method of claim 4 wherein each pseudo-component is defined as a high sub-

pseudo component having the pre-defined boiling point of the pseudo-component and a 

relatively high pre-defined density, and a low sub-pseudo component having the pre-defined 

boiling point of the pseudo-component and a relatively low pre-defined density. 

I lllf 111111111 :11111 1111111 1111 , 
~ ·:· C L M··. S * 
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8. The method of claim 7 wherein each pseudo-component is defined as a high sub-

pseudo component having the pre-defined boiling point of the pseudo-component and a pre­

defined high density detennined as approximately the highest likely density of the pseudo­

component, and a low sub-pseudo component having the pre-defined boiling point of the 

s pseudo-component and a relatively low pre-defined density determined as approximately the 

lowest likely density of the pseudo-component. 

10 

9. The method of claim 4: 

wherein the modeled fluid stream has a total density DT; 

wherein each pseudo-component P in the model of the fluid stream has a 

varying density D, a varying p~entage weight %W, and a varying percentage volume %V; 

whereinD=DT • %W /%V; (1) 

wherein each sub-pseudo component Px (x ==I, 2) of each pseudo­

component P bas a pre-defined density Dx, a varying percentage weight %Wx, and a varying 

15 pereentage volume %Vx; 

20 

wherein DI == DT * %WI I %VI; 

wherein D2 == DT • %W2 / %V2; 

wherein %W == %Wl + %W2 

wherein %V==%VI +%V2 

wherein DI and D2 are pre-defined; 

wherein DT, %W, and %V are known; and 

wherein the calculating step comprises solving equations (2)-(S) for 

%Wl, %W2, %Vl, and %V2. 

(2) 

(3) 

(4) 

(5) 

2s 10. A computer for carrying out the method of claim I which comprises a mapper stored in the 

memory and nmning on the processor, the mapper defining for each pseudo-component in . . 

the model of the fluid stream a plurality of sub-pseudo-components such that the pseudo-

component is replaceable with the plurality of sub-pseudo-components, each sub-pseudo 

component having the pre-defined boiling point of the pseudo-component, a pre-defined 

30 value for the predefined property and a varying percentage amount. 

11111111111111 11111 1111111 1111 · 
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11. The computer of claim 10 in which the pseudo components are defined 

to have a predeined value for the density, a varying percentage weight and a varying percentage 

amount, 

the mapper having an input for being supplied with a current 

s density, a current percentage weight, and a current percentage volume for each pseudo­

component; for calculating a current percentage weight value and a current percentage volume 

value for each sub-pseudo-component of each pseudo-component; 

the mapper also having an output for supplying the calculated current 

percentage weight value and the calculated current percentage volume value for each sub-

10 pseudo-component of each pseudo-component, 

12. The computer of claim 11 in which the calculated values are utilized in a real-

time optim.i7.ation·which ·includes modeling of a fractionator or distillation column based on the 

pre-defined density value, the calculated current percentage weight value, and the calculated 

ts current percentage volume valµe for each sub-pseudo-component of each pseudo-component. 

13. The computer of claim 12 in which 

the curtent density, the current percentage weight, and the current 

percentage volume for each pseudo-component are repeatedly supplied to the input of the 

20 mapper to repeatedly update the current percentage weight values and the current percentage 

volume values for each sub-pseudo-component of each pseudo-component, with 

the repeatedly updated current percentage weight value, the repeatedly 

updated current percentage volume value, and the pre-defined density value for each sub­

pseudo-component of each pseudo-component being utilized in a real-time optimization 

25 process. 

14. The computer of claim 11 wherein the mapper defines for each pseudo-

component a high sub-pseudo component having the pre-defined boiling point of the pseudo­

component and a relatively high pre-defined density, and a low sub-pseudo component having 

30 the pre-defined boiling point of the pseudo-component and a relatively low pre-defined density. 

111111111111111111111111111111 
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15. The computer of claim 14 wherein the mapper defines for each pseudo-

component a high sub-pseudo component having the pre-defined boiling point of the pseudo­

component and a pre-defined high density determined as approximately the highest likely 

density of the pseudo-component, and a low sub-pseudo component having the pre-defined 

s boiling point of the pseudo-component and a relatively low pre-defined density detennined as 

approximately the lowest likely density of the pseudo-component. 

111111111111111111111111111111 : 
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