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Automatically adjust operating conditions
with the plant’s distributed control system

Maintains operations at optimal set points

Requires the solution of three NLP's

gross ermror detection and data reconciliation
parameter estimation
economic optimization

Improves plant profit by 3-5%

Waste generation and energy use are
reduced

Increased understanding of plant
operations
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United States Europe

Texaco OMYV Deutschland
Amoco Dow Benelux
Conoco Shell

Lyondel OEMV

Sunoco Penex

Phillips Borealis AB
Marathon DSM-Hydrocarbons
Chevron

Pyrotec/KTI

NOVA Chemicals (Canada)

British Petroleum

mainly crude units in refineries and ethylene plants
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Steady state detection by time series screening
Gross error detection by time series screening
Data reconciliation by least squares

Parameter estimation by least squares

Economic optimization by standard methods



Gross Error Detection
Data Reconciliation
Parameter Estimation

Economic Model
(Profit Function)

Plant Model
(Process Simulation)

Optimization Algorithm



Adjust process data to satisfy material and
energy balances.

Measurement error - e

Yy = measured process variables
X = true values of the measured variables

a - measurement adjustment
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— "j =min(y—x)' 0" (¥ —x)

Subject to:

Analytical solution using LaGrange Multipliers

X=y—QA (404" )" Ay

x=[728 728 728/



WIE () —x)' O '(y—x)

material and energy balances
capacities of process units
demand for product
availability of raw materials

S CVROE / (x) =0

Requires the solution of a nonlinear programming problem



Plant Data Set - 3

Time series
screening

—e— Plant Data
Average

Avg + Stddev
Avg - Stddev

1 13 15 17 19

Statistical testing
0 many methods

o0 can include data reconciliation



Measurement Test Method - least squares

Minimize: (y-x)"ZNy-x)=e'Ze
X, Z
Subject to: f(x,z,0)=0
x- x xY
z- z 2V

Test statistic:
if e /o; > C measurement contains a gross error

Least squares is based on only random errors being present
Gross errors cause numerical difficulties
Need methods that are not sensitive to gross errors



Tjao-Biegler's Contaminated Gaussian
Distribution

P(yi x, R) = probability distribution function for the random error
P(yi x, G) = probability distribution function for the gross error.
Gross error occur with probability n

Gross Error Distribution Function

v x)

1 2.2
P()/X,G) e 2b“c
J2nho




Maximizing this distribution function of measurement
errors or minimizing the negative logarithm subject to the
constraints in plant model, i.e.,

2 2
Minimize: Ci 29 A
X .{m(l Ye 27 —e *° 7 L mlyz ]
Subjectto: f(x) =0 plant model
x- x xY bounds on the process
variables

A NLP, and values are needed for andb

If P(yi xi, G) (1- )P(yi x, R), gross error
probability of a probability of a
gross error randomerror

,- Vi X _ | 2b2 ‘n[b(l )]
: b2 1




Minimize: - [ p(yi, x) ]
X |

Subjectto: f(x)=0
x- x xY
Lorentzian distribution
1
p(gi)
1 1812
2

Fair function

p(g;,c) cz[i log(l i]]
c C

c is a tuning parameter

Test statistic

&= (Yi- Xi )/O



Least squares
Minimize: (y-Xx)'Z(y-x)=e'Z'e
Subject to: f(x,0)=0

0 - plant parameters

Simultaneous data reconciliation and parameter
estimation

Minimize: (y-x)'Z(y -x) =e'Z'e
X, 0
Subject to:. f(x,0)=0

another nonlinear programming problem



Optimize: Objective function
Subjectto:  Constraints are the plant
model

Objective function

data reconciliation - distribution function
parameter estimation - least squares
economic optimization - profit function

Constraint equations

material and energy balances
chemical reaction rate equations
thermodynamic equilibrium relations
capacities of process units

demand for product

availability of raw materials



Theoretical Evaluation
of Algorithms
for Data Reconciliation

ODbjective function is the product
or sum of distribution functions for
iIndividual measurement errors

P=p() Inp(e)  p(€)



In the theoretical evaluation
of the robustness and precision
of an estimator from a distribution function

Influence Function

Robustness of an estimator is
unbiasedness (insensitivity) to the
presence of gross errors in
measurements. The sensitivity of an
estimator to the presence of gross errors
can be measured by the influence
function of the distribution function. For
M-estimate, the influence function is
defined as a function that is proportional
to the derivative of a distribution function
with respect to the measured variable,

( p/ X)



The precision of an estimator from a distribution
is measured by the relative efficiency of the
distribution. The estimator is precise if the
variation (dispersion) of its distribution function
IS small

The break-down point can be thought of as
giving the limiting fraction of gross errors that
can be in a sample of data and a valid
estimation of the estimator is still obtained
using this data. For repeated samples, the
break-down point is the fraction of gross errors
in the data that can be tolerated and the
estimator gives a meaningful value.



Influence Function

proportional to the derivative of the distributionfunction, IF  p/ x
represents the sensitivity of reconciled data to the presence of gross errors
Vi %
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P Normal distribution

<«— Fair function
<€—(Contaminated distribution

Lorentzian distribution

Effect of Gross Errors on Reconciled Data - Least to Most

Lorentzian Contaminated Gaussian Fair Normal
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Simulated plantdata is constructed by
y=x+te+a
y - simulated measurement vectorfor measured variables
X - true values (plant design data) for measured variables
e - random errors added to the true values

a - magnitude of a gross error added to one of measured
variables

- a vector withone in one elementcorresponding to the
measured variable with gross error and zero in other elements



Gross error detection rate - ratio of number of
gross errors that are correctly detected to the
total number of gross errors in measurements

Number of type | errors - |f a measurements does
not contain a gross error and the test statistic
identifies the measurement as having a gross
error, it is called a type | error

Random and gross error reduction - the ratio of
the remaining error in the reconciled data to the
error in the measurement



Comparison of Gross Error Detection Rates
390 Runs for Each Algorithm
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Comparison of Numbers of Type | Errors
390 Runs for Each Algorithm
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Comparison of Relative Gross Error Reductions
645 Runs for Each Algorithm
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Tjoa-Biegler's method has the best performance
for measurements containing random errors
and moderate gross errors (30-300)

Robust method using Lorentzian distribution is
more effective for measurements with very
large gross errors (larger than 300)

Measurement test method gives a more accurate
estimation for measurements containing only
random errors. It gives significantly biased
estimation when measurements contain gross
errors larger than 100



1.  Conduct combined gross error detection and data
reconciliation to detect and rectify gross errors in
plant data sampled from distributed control system
using the Tjoa-Biegler's method (the contaminated
Gaussian distribution) or robust method (Lorentzian
distribution).

This step generates a set of measurements containing
only random errors for parameter estimation.

2. Use this set of measurements for simultaneous
parameter estimation and data reconciliation using
the least squares method.

This step provides the updated parameters in the
plant model for economic optimization.

3. Generate optimal set points for the distributed control
system from the economic optimization using the
updated plant and economic models.



Value Added Profit Function

SrsaFes + SrssFss + Srs1aF s14 - CrsoF 50 - CrsiFs1 - CresF s

On-Line Optimization Results

Profit
Current Optimal
Date ($/day) ($/day) Improvement
6-10-97 37,290 38,146 2.3%
$313,000/yr
6-12-97 36,988 38,111 3.1%

$410,000/yr
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Selected plant

key measurements

Plant Model: )
Measurements
Equality constraints

Plant Steady?

Wait
1minute

Data Validation

l Validated measurements

Plant Model:
Equality constraints

Parameter Estimation

l Updated parameters

Plant model —>>
Economic model

Economic Optimization

Controller limits

Selected plant
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Process and economic models are entered as
equations in a form similar to Fortran

The program writes and runs three GAMS
programs.

Results are presented in a summary form, on a
process flowsheet and in the full GAMS output

The program and users manual (120 pages) can
be downloaded from the LSU Minerals
Processing Research Institute web site



Redundancy
Observeability
Variance estimation
Closing the loop

Dynamic data reconciliation
and parameter estimation



Most difficult part of on-line optimization is developing and
validating the process and economic models.

Most valuable information obtained from on-line
optimization is a more thorough understanding of the
process
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Table 20 Description and Plant Data for Process Variables of the Refinery

Name Definition Plant Standard
(Flow rates are in barrels per day) Data Deviation
Measured [CRUDE [Crude oil flow rate to atmospheric distillation [99686.7 [1000.0
Variables column (AD)
FGAD  |Fuel gas flow rate from AD 3553606 [35420.0
NNE; Straight run gasoline flow rate from AD 27125.2 [270.0
NN Straight run naphtha flow rate from AD 23266.3 [237.0
SRDS  [Straight run distillate flow rate from AD 8636.35 [87.0
SRFO  [Straight run fuel oil flow rate from AD 36838.6 [372.0
SRNRF ([Straight run naphtha feed rate to reformer 23606.6 [237.0
FGRF  |Fuel gas flow rate from the reformer 3796351 [37612.0
RFG Reformer gasoline flow rate 21826.6 (219.9
SRDSCC [Straight run distillate flow rate to the catalytic 0.004 10.0
cracking unit (CCU)
SRFOCC [Straight run fuel oil flow rate to the CCU 29727.3 [300.0
FGCC  [Fuel gas flow rate from the CCU 1.2212E+7]115920.0
CCG Gasoline flow rate from CCU 20503.3 [206.4
CCFO  [Fuel oil flow rate from CCU 65679  66.0
SRGPG [Straight run gasoline flow rate for premum [17394.8 (170.7
gasoline (PG) blending
RFGPG [Reformer gasoline flow rate for PG blending [21835.1 [219.9
SRNPG [Straight run naphtha flow rate for PG blending [12.99 10.0
CCGPG |CCU gasoline flow rate for PG blending 7935.7  180.5
PG Premium gasoline flow rate 47263.8 W71.1
SRGRG ([Straight run gasoline flow rate for regular 10044.6 1993
gasoline (RG) blending
RFGRG |Reformer gasoline flow rate for RG blending (11.532  |10.0
SRNRG [Straight run naphtha flow rate for RG blending|7.100 10.0
CCGRG |CCU gasoline flow rate for RG blending 12721.8 |125.9
RG Regular gasoline flow rate 22357.3 [225.2
SRNDF [Straight run naphtha flow rate for diesel fuel [9.994 10.0
(DF) blending
CCFODF |CCU fuel oil flow rate for DF blending 3270.1 32.7
SRDSDF [Straight run distillate flow rate for DF blending8613.5  [87.0
SRFODF [Straight run fuel oil flow rate for DF blending |525.34  [5.3
DF No. 2 diesel fuel flow rate 12582.8 [125.0
CCFOFO|CCU fuel oil flow rate for fuel oil (FO) 3382.5 [33.3
blending
SRDSFO [Straight run distillate flow rate for FO blending22.13 10.0
SRFOFO ([Straight run fuel oil flow rate for FO blending [6628.2  66.7
Unmeasured [FO INo. 6 fuel oil flow rate

Variables




Table 21 Capacities, Operating Costs and Volumetric Yields

for the Refinery Process Units

: Capacity | Operating Mass Yield of | Volumetric Yield
Bl (bbl/day) | Cost ($/bbl) e Qg Output Stream | of Output Stream
Crude oil 100,000 1.00 CRUDE |[FGAD 0.029 35.42
Atmospheric NINE; 0.236 0.270
Distillation SRN 0.223 WAy
Column SRDS 0.087 0.087
b b L IsRPO | 026 | 0372
Catalytic 25,000 2.50 SRNRF  |FGRF 0.138 158.7
f Y I P R— TS . T U
Catalytic 30,000 2.20 SRDSCC |FGCC 0.273 336.9
Cracking CCG 0.536 0.619
Unit CCFO 0.191 0.189
SRFOCC |FGCC 0.277 386.4
CCG 0.527 0.688




Table 22 Names and Definition of Parameters for the Refinery

Units of Names of Initial |Definitions of parameters
Parameters |Parameters Values | Volumetric yields (BBL output/BBL mnput)
Crude Oil VFGAD 35.42 |BBLs of fuel gas per BBL crude
Atmospheric | VSRG 0.27 |BBLs of straight-run gasoline per BBL crude
Distillation | VSRN 0.237 |BBLs of straight-run naphtha per BBL crude
Column VSRDS 0.087 |BBLs of straight-run distillate per BBL crude
VSRFO 0.372 |BBLs of Straight-run fuel oil per BBL crude
Catalytic VSRNFGRF 158.7 |BBLs of reformer fuel gas per BBL of straight-run
Reformer naphtha
VSRNRFG 0.928 |BBLs reformer gasoline per BBL straight-run naphtha
Catalytic VSRDSFGCC ([336.9 [BBLs of fuel gas per BBL straight-run distillate
Cracking VSRDSCCG [0.619 |BBLs of gasoline from CC per BBL straight-run
distillate
VSRDSCCFO [0.189 |BBLs of fuel oil per BBL of straight-run distillate
VSRFOFGCC |[386.4 |BBLs of fuel gas per BBL straight-run fuel oil
VSRFOCCG |0.688 |BBLs of gasoline from CC per BBL of straight-run fuel
oil
VSRFOCCFO [0.220 |BBLs of fuel oil per BBL straight-run fuel oil




Table 23 Quality Specifications and Physical Properties for Products

and Intermediate Streams for the Refinery

Stream Motor Octane | Vapor pressure Density Sulfur Content
Number (mmHg) (Ib/bbl) (Ib/bbl)

o 93.0 12.7 : :
g‘;fg}f‘;e 87.0 127 . :
Diesel Fuel - - 306.0 0.5
Fuel Oil - - 352.0 3.0
SRG 78.5 18.4 - -

RFG 104.0 2.57 - -

SRN 65.0 6.54 272.0 0.283
CCG 93.7 6.90 - -
CCFO - - 294.4 0.353
SRDS - - 292.0 0.526
SRFO - - 295.0 0.980




Table 24 Crude Oil Cost and Product Sales Prices for the Refinery

Prices
Gulf Cost Crude $32.00/bbl
Premium Gasoline $45.36/bbl
Regular Gasoline $43.68/bbl Names
No.2 Diesel Fuel $40.32/bbl
No.6 Fuel Oil $13.14/bbl

Fuel Gas $0.01965/bbl




Table 25 Refinery Objective Function and Constraint Equations

Objective Function
Crude Availability
Products
Premium Gasoline
Min. PG Prod.
PG Blending
PG Octane Rating
Regular Gasoline
Min. RG Prod.
RG Blending
RG Octane Rating
RG Vapor Press.
Diesel Fuel
Min. DF Prod.
DF Blending
DF Density Spec.
DF Sulfur Spec.
Fuel Oil
Min. FOProd.
FO Blending
FO Density Spec.
FO Sulfur Spec.
Process Units
Atm. Digtillation
AD Capacity
FGAD Yield
SRG Yield
SRN Yield
SRDS Yield
SRFO Yield
Reformer
RF Capacity
FGRF Yield
RFGYield
Catalytic Cracker
CC Capacity
FGCCYield
CCGYield
CCFO Yield

Stream Splits
SRG
SRN
SRDS
SRFO
RFG
CCG
CCFO

CRUDE FGAD SRG

-33.0
1.0

Atmospheric Distillation
NN
01965
1.0
35.42 -1.0
0.270 -10
0.237
0.087
0.372
1.0
1.0

SRDS

-1.0

10

SRFO SRNRF FGRF  RFG

1.0

RE WY
250 01965
-1.0

1.0

158.7

0.928
-10

-1.0
-1.0

1.0



Table 25 Refinery Objective Function and Constraint Equations (continued)

Catalytic Cracker Premium Gasoline Blending
SRDSCC SRFOCC FGCC CCG CCFO SRGPG RFGPG SRNPG CCGPG PG
Objective Function -2.20 2.20 -.01965 45.36
Crude Availability
Products
Premium Gasoline
Min. PGProd. 1.0
PG Blending 1.0 1.0 1.0 1.0
-1.0
PG Octane Rating 78.5 104.0 65.0 93.7 93.0
PG Vapor Press. 184 2.57 6.54 6.90 -12.7
Regular Gasoline
Min. RG Prod.
RG Blending
RG Octane Rating
RG Vapor Press.
Diesel Fuel
Min. DF Prod.
DF Blending
DF Density Spec.
DF Sulfur Spec.
Fuel Oil
Min. FOProd.
FO Blending
FO Density Spec.
FO Sulfur Spec.
Process Units
Atm. Digtillation
AD Capacity
FGAD Yield
SRG Yield
SRN Yield
SRDS Yield
SRFO Yield
Reformer
RF Capacity
FGRF Yield
RFGYield
Catalytic Cracker
CC Capacity 1.0 1.0
FGCC Yield 3369 3864 -1.0
CCGYield 0.619 0.688 -1.0
CCFO Yield 0.189 0.220 -1.0
Stream Splits
SRG -1.0
SRN -1.0
SRDS -1.0
SRFO -1.0
RFG -1.0
CCG 1.0 -1.0
CCFO 1.0



Table 25 Refinery Objective Function and Constraint Equations (continued)

SRGRG

1.0

785
184

-1.0

Reguhr Gasoline Blending
RFGRG

1.0

1040
2.57

-1.0

CCGRG

1.0

9B.7
690

-1.0

RG
43.68

1.0
-1.0
870
-127

Diesel Fuel Blending

SRFODF  DF CCFOFO  SRDSFO
40.32
1.0
1.0 -10
2950 -306.0
0.980 -050
10 1.0
044 2920
0353 0.5
-10
-1.0

Fuel Oi BLending

FO

13.14 =Maximum OBJ

<110,00

> 10,000
)
>0
<0
> 10,000
=0
>0
<0

> 10,000
=0
<0
<0

1.0 >10,000
=0

3520 <0

30 <0

> 100,000
=0
=0
=0
=0
=0
<25000
=0
=0
<30,000
=0
=0
=0

CRDAVAIL

PGMIN
PGBLEND
PGOCTANE
PGVAPP
RGMIN
RGBLEND
RGOCTANE
RGVAPP

DFMIN
DFBLEND
DFDENS
DFSULFUR

FOMIN
FOBLEND
FODENS
FOSULFUR

ADCAP
ADFGYLD
ADSRGYLD
ADNYLD
ADDSYLD
ADFOYLD
RFCAP
RFFGYLD
RFRFGYLD
CCCAP
CCFGYLD
CCGYLD
CCFOYLD

SRGSPLIT
SRNSPLIT
SRDSSPLIT
SRFOPLIT
RFGSPLIT
CCGSPLIT
CCFOSPLT



Table 26 Quantity and Quality Constraints of the Refinery Products

Premium Gasoline

SRGPG RFGPG SRNPG CCGPG PG RHS
Min. P.G. Production 1.0 >10,000
PG Blending 1.0 1.0 1.0 1.0 -1.0 =
PG Octane Rating 78.5 104.0 65.0 93.7 -93.0 >0
PG Vapor Pressure 18.4 2.57 _6.54 ~6.90 -127 <0
Regular Gasoline

SRGRG RFGRG SRNRG CCGRG RG RHS
Min R.G. Production 1.0 > 10,000
RG Blending 1.0 1.0 1.0 1.0 -1.0 =
RG Octane Rating 78.5 104.0 65.0 93.7 -87.0 >0
RG Vapor Pressure 184 2.57 _6.54 _6.90 -127 <0
Diesel Fuel

SRNDF CCFODF SRDSDF SRFODF DF RHS
Min D.F. Production 1.0 >10,000
DF Blending 1.0 1.0 1.0 1.0 -1.0 =0
DF Density Spec. 272.0 294.4 292.0 295.0 -306.0 <0
DF Sulfur Spec. 0.283 0.353 . 0.526 0980 -0.50 <0
Fuel O1l

CCFOFO  SRDSFO SRFOFO FO  RHS

Min. FO Production 1.0 >10,000
FO Blending 1.0 1.0 1.0 -1.0 =0
FO Density Spec. 294.4 292.0 295.0 -3520 <0

FO Sulfur Spec. 0.353 0.526 0.980 -3.0 <0




Table 27 Process Unit Material Balances Using Volumetric Yields
Crude Oil Atmospheric Distillation Column:

CRUDE FGAD SRG SRN SRDS SRFO RHS
AD Capactty 1.0 < 100,000
FGAD Yield 35.42 -1.0 =
SRG Yield 0.270 -1.0 =
SRN Yield 0.237 -1.0 =
SRDS Yield 0.087 -1.0 =
SREO Yield 03 e 1O =
Catalytic Reformer:

SRNRF FGRF RFG RHS
RF Capacity 1.0 < 25,000
FGRF Yield 158.7 -1.0 =
REGYield 0928 O =0
Catalytic Cracking Unit:

SRDSCC SRFOCC FGCC CCG CCFO RHS

CC Capacity 1.0 1.0 < 30,000
FGCC Yield 336.9 386.4 -1.0 =
CCG Yield 0.619 0.688 -1.0 =

CCFO Yield 0.189 0.220 -1.0 =
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Maodel Description | Tables Meazured Wanables | Urmeasured Wanables | Plant Parameters

Meazured Yanables
Mame Plant Data| Standard Dewviation Plant D ata Iritial _Point Scaling Fac ;‘
ccfo BAGT 914 Bh BEEY.914 _‘
cotodf 3270.056 32.699 3270.056
cefofo 3382 46 33,301 338246
cog 20603.258 2064 20603.2923
ccapa 7935 679 B0.464 7935.679
coarg 12721.761 125.336 12721.761
crude 99686 E57 1000 99636667
f 12582 842 125 12682.842
fyad 553606242 35420 3553606.242
fgce 1221140 115920 12217460
Figrf 3796351148 3aTE12 A796351.148
P 47263811 471,132 47263.611
rhg 21826.603 213,336 218926.603
rfapg 21830077 219.936 21830.077
rfqrg 11.532 10 11.532
ri] 22357 336 225.204 22357.336
:-'trii:t RRAR 3R 87 AF3k 3R

4
W Include SCALING DPTION for vanables




||/ Interactive On-line Optimization - C:\loo\Examples\refinery.ioo
View Help
{EW
pen,

Close

|  Optimization Algorithms I Constant Properties
aniables l Unmeasured Variables | Plant Parameters

Save
Save As...

pured Yanables
d_Deviation_Plant_Data Initial_Point Scaling_Fac a
Expor 65 5567914 ]‘

Import Plant Data 32.699 3270.056
Import Standard Deviation 33.301 3382.46

= 206.4 20503.298
Execute... Chl+E 80.464 7935679

- -~ P ——

Open EHE
Look in: |ﬁloo ~] | @gl |_:—

Exit

1 R e 2= e =8 =i = e
2 SelEram s ulune M odelssuline oo B Examples
farf 3796351.148 1 Gams225
pg 47263.811 1 Temp

rfg 21826.603
rfapg 21835.077
rfarg 11.532
g 22357.336
:QTR AR3R 3R File name: | Open

<
- Files of type: les * v
[ Include SCALING OPTION for variables les of pe: [Excel files s E Cancel
[~ Open as read-only




||| Interactive On-line Optimization - E:\oo\Gams225\Examples\refinery_ioo

File Wiew Help

O|c||| || 2] & 9

E quality Constraints l |nequality Constraints l O ptimization Algarithems ] Constant Properties
Model Descrption | T ables | Measired Yarables Unmeasured Y arables I Plant Parameters

Unmeasured Yariables
Unmeasured Variables|Initial Point| Scaling Factor| Lewer Bound| Upper Bound|Stream number [Process UnitlD |Units of Pracess Varia

[ 9378.183 0 $33

4 |

[ Include SCALING OPTION for vaniables




[I]Interactive On-line Optimization - E:\loo\G ams225\E xamples\refinery.ioo
File  View Help

Equality Constraints | Inequality Constraints I Optirmization Algonthms Constant Properties |
Model Description I Tables I Measured Variables I Unmeasured Yariables Plant Parameters

Plant Parameters
Plant Parameter | lrtial Point| Lower Bound| Upper Bound|Procese UnitlD | Uit of parameter
vfgad 2542 10 10040 BEL/BEL
werds 0.087 0 1140
vardsccfo 0.1583 0.15 0.2|CC
vardseoq 0.619 1 0.7 CC
wirdsfgeoe 2369 300 400|CC
werfo 0372 3aDb
warfoccfo 0.22 5ICC
varfoccq 0.6858 5/CC
virfolgoe 2064 CcC
WSI(g 0.27 hlab
WS 0.237 AlaD
warnfark 15817 RF
varnrfg [.326 10/RF




||| Interactive On-line Optimization - D:\loo\Examples\refinery.ioo

File View Help

Model Description | Tables I Measured Variables

Unmeasured Variables I

Plant Parameters

E quality Constraints I Inequality Constraints I Optimization Algorithms I Constant Properties

Equality Constraints

Equality Constraints

Scaling_Factor

Process UnitlD

Stream Number ﬂ

SRGPG + RFGPG + SANPG + CCGPG - PG =E=0

PG

SRGRG + RFGRG + SENRG + CCGRG - RG =E=0

RG

[

SANDF + CCFODF + SRDSDF + SRFODF - DF =E=0

DF

CCFOFD + SRDSFO + SRFOFO -FO =E=0

FO

VFGAD*CRUDE - FGAD =E=10

AD

VSRG*CRUDE - SRG =E=0

AD

VSRN*CRUDE - SEN =E=0

AD

VSRDS*CRUDE - SRDS =E=0

AD

VSRFO*CRUDE - SRFO =E=0

AD

VSRNFGRF*SENRF - FGRF =E=0

RF

VSRNRFG*SENRF - RFG =E=0

RF

VSRDSFGCC*SRDSCC + VSRFOFGCC*SRFOCC - FGCC =E=0

CC

VSRDSCCG*SRDSCC + VSRFOCCG*SRFOCC - CCG =E= 0

CC

VSRDSCCFO*SRDSCC + VSRFOCCFO*SRFOCC - CCFO =E=0

CC

SRG- 5RGPG - SRGRG =E=0

Split2

SAN - SANRF - SENPG - SENRG - SENDF =E=0

Split]

dl

SRBNS - SRDSCE - SRNSDF - SRNSFN =F =1

Snlit4

=

Include SCALING OPTION for equations




||| Interactive On-line Optimization - E:AOFFICEAPRWINAFILES Al 0o\E xamples\iefinery.ioo =] E3
File View Help

Oz = » ]| ] &| 7

Model Descriphion | Tables | Measured Varnables | Unmeazured Vanables I Plart Parameters
E quality Constraints Inequality Constrants | Optirmization Algorithms I Constant Properties

Inequality Conshraints
Inequality Constraints ocaling_Factar
CRUDE=L=100000

CRUDE=L=110000

78.5°5RGPG + 104°RFGPG + BE*SANPG + 93.7°CCGRPG - 93°PG =G=10
18.4°SRGPG + 257RFGPG + B4 SRMPG + 6.9°CCGPG - 12.7PG=L=10
78.5°5RGRG + 104RFGRG + E5°SRNRG + 93.7CCGRG - 87RG =G=0
18.4SRGRG + 257 RFGRG + 6.54°SERNRG + 6.9 CCGRG -12.7RG =L=0
2r2ZSRNDF + 294 4*CCFODF + 292°5RDSDF + 295°5RFODF - 306°DF =L=0
0.282*SANDF + 0.353CCFODF + 0.526"5RDSDF + 0.98*5RFODF - 0.5*DF =L=10
294 4*CCFOFO + 292*SRDSFO + 295°5RFOFOD - 362*F0 =L=0
0.353CCFOFO + 0.526~SRDSFO + 0.98SRFOFO - 3*FO =L=10

SROSCC + SRFOCC == 30000

pg =g= 10000

rg =g= 10000

df =g= 10000

fo =g= 10000

*

IV dnclude SCALING OPTION for squations




11l Interactive On-line Optimization - E:ADFFICEAPRWIN\FILE 5\l oo\E xamples\iefinery_ioo _ |0
Filz Yiew Help

O & » || 2] & 2]

Model Description | Tables | Measwed Variables | Unmeasured Yariables ﬂ Plant Parameters |
E quality Canstraints | |nequality Constraints i  Uphmiza tlon.ﬁ.lgonthmsl Constant Properties I
|

Data Validation Algonthm; Tina-Biegler Method [moderate gross errors)

Pararmeters E stimation Algorithr: |Least Squares Method [small gross erors]

E cononic: Optinization Objechve Funchion:
-33*crude+ 0.1 5965 fgad-2. 5%emirf+0.01 EIEE"fgrf-Z‘.E”SIdscc-E.E”SIFDCEHD.D'lHEE“Igcmim

v

4 | 2

Ophirmization Direction: M aximizing

Economic Model Type: Linear




11l Interactive On-line Optimization - E-AOFFICEAPRWINAFILE 5\l oo\E xamples\refinery_ioo = [=]
File “iew Help

Ol @] 0 ] 2] & 2]
Model Descnption ﬂ Tables I Measured Varniables I Unmeasured Yariables I Plant Parameters

Equality Constraints ] Inequality Constraints Optimization Algorithms ﬂ Constant Properties |
|

D ata ¥alidahon Algonthm: Tina-Biegler Method [moderate gross emors]

- : Least Squares Method [small gross erors
Farameters E stimation Algonthm: | eI e e
RHobust Funchion [large gross errors)
E conomic Optimization Objective Function;

33 %crude+0 01365 gad-2. 5 srnrf+0.01 965 gif-2. 2*erdscc-2. 2 efocc+0.01965fgce+ &

—
Al f

Optirnization Direction: M awimizing B

Econaomic Model Type: Linear B




]| Interactive On-line Optimization - E:\loo\Examples\refinery.ioo

File  View Help

Model Descrnption | Tables I Meazured Vanables | Unmeasured Vanables ] Plant Parameters
Equality Constraints | Inequality Corstraints Optimization Algorithms | Constart Properties

Data Validation Algorithm: T|oa-Biegler Method [moderate gross enorg) Jad

RN T Y o S e B )y il L 2:ast S quares Method (small gross emnors) A

, L . |Least Squares Method (small gross enors)
Economic Optimization Objective | Tioa-Biegler Method [moderate gross enars)

3% crude+0. 01965 gad-2 Gsmel Fobust Function [large gross enorg]

=

=
<| ﬁ

Optirmization Direction: M aximizing

-
—

Economic Model Type: Linear -




[/ Interactive On-line Dptimization - E:\loo\Examples\refinery.ioo

File  View Help

Model Description ﬂ T ables I M easured Yariables ﬂ Unmeasured Varables ﬂ Plant Parameters
E quality Constraints | |nequality Constraints O ptirmzation Algonthmes l Constant Properties

D ata Validation Algorithn: Tjoa-Biegler Method [moderate gross ermors)

Parameters E stimation &lgorithm: |Least Squares Method [small gross enors]

E conomic Optimization Objective Function:
-33"crude+0.01365% gad-2 D"+ 0.01360" grf-2. 2*srdsec-c. 2%srfocc+0.07365 goc+ & |

——

v

4 e

D ptimization Direction: M axinnizing -

_ Mamimizing
Economic Maodel Type: Minimizirg




]| Interactive On-line Optimization - E:\looAExamples\refinery.ioo

File  View Help

Model Descrnption | Tables I Meazured Vanables | Unmeasured Vanables

Equality Constraints | Ineguality Constraints Optimization Algorithms

|

Plant Parameters
LConstant Properties

Data Y alidation Algorithm:

Farareters Estiration dlgornthm:

T|oa-Biegler Method [moderate gross enorg)

Least Squares Method [small gross emors)

Economic Optimization Objective Function:

J

ﬂ

Optirmization Direction:

Economic Model Type:

-3Fcrude+0. 01965 gad-2. 5 smrf+0. 01 965%fqrf-2. 2*s1dzcc-2. 2 sfoce+0.01965%qeo o+ %

|M aximizing

Linear
Nonlinear




w. Flow Diagram
File Edit

[T &

Options

B

L

g




w. Flow Diagram
File Edit Options

P =l

g

w. Unit Data [_ (O] X]

UnitlD  [4D

Name Description Initial_Point| Unit

p | vfgad BBLs of fuel gas 35.42|BBL/BBL
vsrds BBLs of straight 0.087|BBL/BBL
vsrfo BBLs of straight 0.372/BBL/BBL
VsIg BBLs of straight 0.27|BBL/BBL
VSN BBLs of straight 0.237/BBL/BBL

| 0K I Cancel |

b

©




||| Interactive On-line Optimization - D:\loo\E xamples\refinery.ioo

File ‘iew Help

O e | & » | e

Model Descr

Equality Constramts I Inequality Constraints

Execute

Optimization &lgorithms

Tables ] Measured Variables I Unmeasured Variables

|

Plant Parameters
Constant Properties

D ata Validation Algorithm:

Parameters E stimation Algorithm:

Tioa-Biegler Method [moderate gross errors)

Least Squares Method (small gross errors)

E conomic Optimization Objective Function:

-3 crude+0.01965%fgad-2. 5% smif+0.019365%grf-2. 2*srdsce-2. 2%srfocc+0.01965%f goc+45.
36%pg+43.68%rg+40.32%df+13.14%o

Optimization Direction:

Economic Model Type:

M aximizing

Linear




|[|Model Summary & Execute =]

Summary of Refinery

Flant model: Linear

Economic model: Linear. Mazximizing

Paraneter estimation algorithm: Least Squares Het!
Data walidation algorithm: Tjoa-Biegler Method (m

Description: Simple Refinery

Conduct D.V.. P.E.. E.0O. 1n segquence
Measured wvariables: 32

Unneaszured variable=z: 1

Flant parameters. 13

Table=s: 0

Equality constraints: 21

Inequality constraints: 15

Page length: 80

Do not 1include column list
T et 1v~lnAdas emiatams 1=+

¢ Datavalidation

¥ Parameter Estimation

v Economic Optimizatian

Close I Previous Result... I




Copyright (C)
Praf. Ralph Pike
Louisiana State University, Chew. Engin.
Starting compilation
Dﬂ_DATA(LBlJ

Starting cution

DO _DATA(LZS)

Cenerating model REFINELRY
DO DATA{L20)

ZZ rows, 24 columns, and 100 non-zeroes.




Output =] B3

File View

B2\ [m B & [ | @ |
Economic Objective = 700734.61975 9/28/38 3:48:00 PM

Name Gross Ermor A
P |ccfo

ccfodf

ccfofo

ccq

CCOpg

ccarg

crude

df

fgad 4
fgce -5.33387143336135]
farf

pa

ifg

rfgpg

rfgrg

g

srds

srdsce

srdsdf

('IA(‘fﬁ




£ Output
File View

EIEI N EE ] B

Values of Measured Variables

9/28/38 3:48:00 PM

MName

Optimal Set Point

Data From Parameter Estimation

Reconciled Data From Data Yalidation

ccfo

6606.3

6634.94762

6600.65302

ccfodf

3442.30133

3270.056

3243.26602

I
|

ccfofo

3163.43807

3364.89162

3351.37301

ccg

20640.3

20730.22104

20642.06169

ccapg

10431.06239

7935.673

7956.28167

ccarg

101439.23701

12734.54204

1268578001

crude

100000

100188.95133

99308.29573

df

125163

12435.89361

12455.40653

fgad

3542000

3548692.68012

3538751.94083

fgce

11532000

1164242334337

11533157.61642

farf

3731546.64

3733862.03383

3740432.55444

P9

46724.06523

47238.72121

46936.68208

ifq

21833.14008

21306.75821

21945.51077

rfapg

20315.08374

21835.22621

21934.31875

rfarg

1578.05034

11.532

11.19202

g

22883.37485

22543.89309

22585.60582

srds

8636

8712.64461

8632.021393

srdscc

0

0.004

0.02644

orrorlf

QRT3 AR7

QEan RN7R1

QEEQ QN1nN2




By| &| & [we o6 | @@

easured Variables

10/4/98 9:22:00 PM

Optimal Set Point

Reconciled Data From Parameter Estimation

BB0E6.3

B634.94762

Reconciled Data From [ ﬂ

3620.3

3270.056

ccfofo

2786

3364.89162

ccg

20640.3

2073022104

7843.6759
ccarg 12796.6241
crude 100000
df 12516.3
fgad 3542000
fgce 11532000
fgrf 3731546.64
pg 46724.06523
ifq 218393.14008
rfapg 21893.14008
rfarg 0
g 22883.37485
srds o636
srdsce 0

< | -

ccopg

Saves  ___________________ HH|

|ﬁExampIes j 5

Save in:

File hame: Save

Save as type: |Excel files * xls Ll Cancel

[~ Open as read-only




Output
File View

| w| [m e @ w]m e m

Values of Unmeasured Variables

9/28/386 3:48:00 PM

Unmeasured Yanables

Yalue From Data Validation

Value From Parameter Estimation

Value From Economic O

fo

10010.77225

10015.20862




Output
File View

B |w|[m D& )/ o
Values of Plant Parameters

9/28/38 3:

Plant Parameter

Initial_Poaint

E stimated Value

Process UnitlD

Unit of Parameter

vfgad

39.42

35.42

AD

BEL/BEL

vards

0.087

0.08636

AD

BEL/BEL

vsrdsccfo

0.153

0.153

CC

BEL/BEL

vsrdsceg

0.613

0.613

CC

BEL/BEL

vsrdsfgcc

336.3

336.9

CC

BEL/BEL

yvsrfo

0.372

0.37214

AD

BEL/BEL

vsrfoccfo

0.22

0.22021

CC

BBL/BEL

vsrfoccg

0.663

0.68501

CC

BEL/BEL

vsrfofgee

3a6.4

3a6.4

CC

BEL/BEL

VSIQ

0.27

0.27074

AD

BEL/BEL

YSIN

0.237

0.23592

AD

BBL/BEL

vsmifagrf

15817

15817

RF

BEL/BEL

vsinrfg

0.323

0.32793

RF

BEL/BEL




Output
File Edit Yiew

B eee| @O & [o k|| @l
Daita Validation Outpuft file

IGAMS 2.25.089 DOS Extended/C | 09/28/38 15:48:48 PAGE
D ata Validation Program

2

5

& * The following are the Measured Varnables

7 VARIABLES

8 ccfo, ccfodf, ccfofo, ccg, ccgpag. ccarg, crude, df,

9 fgad. fgcc, farf, pa. rfq, rfgpa. rfarqg. rg.
10 srds, srdscc, srdsdf, srdsfo, srfo, srfoce, srfodf, srfofo,

srq, srapaq, srarg, srn, srndf, smpa, smirf, srmrg;

* The following are the Unmeasured Varnables
VARIABLES
fo:

* The following are the Parameters in the Model
SCalLAaRS

vigad /3542/

vsrds 20087/

vsrdsccfo 0183/

vsrdsceqg 0619/

vsrdsfgece /3368.9/

vsrfo F0372/7

vsrfoccfo F022/

vsrfoceg /0.688 /7

T d00C 4 )




Output
File Edit Yiew

=EIR N EREE N B

Parameter Estimation Ouipui file

IGAMS 2.25.083 DOS Extended/C 09/28/98 15:48:50 PAGE 1
Parameter E stimation Program

2

5

6 * The following are the Measured Varables

7 VARIABLES

8 ccfo, ccfodf, ccfofo, ceg, cecapa, cearg, crude, df,

3 fgad, fgcc, farf, pa. rfg. rfapa. rfarg, ra,

10 srds, srdsce, srdsdf, srdsfo, sifo, srfoce, srfodf, srfofo,
11 sra, srapg, srgrg, s, sindf, stpa, smif, smrg;

13 * The following are the Unmeasured Varables

14 VARIABLES

15 fo;

16

17 VARIABLE Ob)Var Objective function using ' ' algorithm
vfgad, vsrds, vsrdsccfo, vsrdscea, vsrdsfgee, vsrfo, vsrfoccfo, vsifocea,
vsrfofgee, vsrg, vsin, vsmfarf, vsinrfg;

EQUATIONS

* The Constraints

EQUT, EQUZ, EQU3, EQU4, EQUS, EQUE,

EQUY, EQUS, EQUS, EQUT0, EQUIT, EQUT2,
EQU13, EQUT4, EQUIS, EQUITE, EQUTY, EQUIS,
EQU1S, EQU20, EQU21, ObjName;




Output
File Edit View

H e @ & el )
Economic Opfimizafion Ouipul file

SOLYE SUMMARY

MODEL REFINERY OBJECTIVE OBJVAR
TYPE LP DIRECTION MaAXIMIZE
SOLVER CONOPT FROM LINE 123

=2 SOLVER STATUS 1 NORMAL COMPLETION
== MODEL STATUS 1 0OPTIMAL
=== OBJECTIVE VaLUE 700734.6138

RESOURCE USAGE. LIMIT 0103 1000.000
ITERATION COUNT, LIMIT 11 1000

CONOPT 386/486Watcom version 2.041H-017
Copyright [C] 2ARK] Consulting and Development A/S
Bagsvaerdve] 246 4,
DK-2880 Bagsvaerd, Denmark

** Optimal solution. Reduced aradient less than tolerance.

Function calls: 0 Gradient calls: 0
COMNOPT Time: 0.109 Interpreter: 0.000 = 0.0Z%

Work length = 6071 double words = 0.05 Mbytes
Estimate = 6071 double words = 0.05 Mbytes

hd v vimmAd - DIA1T Aavibla siimedas O hdkibma




w. Flow Diagram
File Edit Options

I 85|
g

S2

S18
= I
X
M =] B3 —,r-|82 :)

w. Stream Data

Stream D |57 ~|
Measured Vars I Unmeasured Vars I
Name Plant_Data DV Val PE_“al|ptimal_Set_Point
P | st 23606.639] 23648.17971 23606.639 23592

o | o i)
: Cancel |




w, Flow Diagram
File Edit Options

I 50w

\ 4

im,. Uit D ata

kit 1D 2D

FMeazured Wars I Unmeasured Wars |

Plant_ parameter lhithial Point
P |vfgad 2542

wards o.o3vy
warfo 0372
wWwErg 027
wErH 0237

Cancel




£ Output
File “iew

H| & | [ B e @ e m|

Values of Measured Variables

[ Stream Number|

9/28/98 3:

MName

Optimal Set Point

Reconciled Data From Parameter E stimation

Reconciled a

HEcid

6606.3

6634.34762

ccfodf

3442.80193

3270.056

ccfofo

3163.49807

3364.89162

ccg

20640.3

20730.22104

ccgpg

10491.06299

7935.679

ccarg

10149.23701

12794.54204

crude

100000

100188.95139

df

12516.3

12495.893561

fgad

3542000

3548692.68012

facc

11592000

11642423.34337

farf

3731546.64

3733862.03333

Pa

4672406523

47238.72121

rfg

21893.140083

21906.75821

rfapg

20315.08574

21895.22621

rfarg

1578.05034

11.532

g

22883.37485

22543.89309

srds

8636

8712.64461

srdscc

0

0.004

srdsdf

8673.867

86390.50761

srdsfo

22.133

22.133

srfo

37214

37284.01171

srfocc

30000

30130.49171

srfodf

399.63107

525.336

-.l-t-

O A COnT

[l e T e M )




output
variable

optimization optimization optimization
I | | settling I I
| setting | | time | | _/
| time I I |
| | | | |
| I I I
| I I I
| I I
| | | | |
| | | | |
| | | | |
| | | | |
I I execution I I execution I
< ! >l ! >
I | frequency I | frequency I
time

a. Time between optimizations is longer than settling time

output
variable

optimization optimization optimization

I settling I I

[ time | >t I
| | |
| | |
I | I
I I I
I I I
I I I
I I I
I execution I execution I
I( frequency frequency ){

time

b. Time between optimizations is less than settling time



Selected plant

key measurements

Plant Model: )
Measurements
Equality constraints

Plant Steady?

Wait
1minute

Data Validation

l Validated measurements

Plant Model:
Equality constraints

Parameter Estimation

l Updated parameters

Plant model —>>
Economic model

Economic Optimization

Controller limits

Selected plant
measurements &
controller limits

Plant Steady?

No

Implement Optimal
Setpoints

3 Line-Out Period
90 minutes




. Meiosod Escel - Templale s M=K
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Figure 33 Excel Spreadsheet of Simulated Plant Data for the Simple Refinery



| I I I
Chart 2 - Plant Data - ccfodf

—&— Plant Data

—e— Plant Data

—— Average

—— Average

Avg + Stddev

Plant Data
Plant Data

Avg + Stddev

—— Avg - Stddev

—— Avg - Stddev

357 9 1131517 19

Time

Chart 3 - Plant Data - ccfofo Chart 4 - Plant Data - ccg

—&— Plant Data
—&— Plant Data

Average
—— Average

Avg + Stddev | 4 ] Avg + Stddev

Plant Data

—— Avg - Stddev
—— Avg - Stddev

13 5 7 9 11131517 19

Time 3 5 7 9 1113 15 17 19

Plot h Sawe Steady State Data




6567.914
3270.056
3382.46
20503.3
7935.679
12721.76
99686.66
12582.84
3553606
12211460
3796351
47263.81
21826.6
21835.08
11.532
22357.34
8636.35
0.004
8613.47
22.133
36838.57
29727.33
525.336
6628.184
27125.16
17394.83
10044.59
23266.3
9.994
12.99
23606.64
7.1




ﬁExamples I ﬁ

File nhame: Dala
Files of type: Excel files * xls d I Cancel I

[~ Open as read-only

Interactive On-line Optimization

E nter the Ranoe o
Format : SheetMan

For example: Sheet1$4 _'I-

Figure 37 The Screen to Enters the Excel Sheet Name
and Range




Plant Data
F06

50
fsbfw
O2percent
Pshp1
Pshp2
Pss2
SO2ppm
T06

T07

T09

T10

T

T12

T13

T15

T16

T19

T20

T21

T22

T23
T235
T24

T25
TSBFW
TSHP1
TSHP2
TSW1

Data from Contact Process DCS

1
1.72
0.245
1.93
6
614.7
614.7
709.7
349
359.67
1321.5
646.5
708
893.56
689.3
785.7
501.5
349.8
549.3
690.9
737
683.5
692.6
673.2
504.8
350.4
225
665
650
340

2
1.74
0.245
1.93
6.03
610
610
708.8
355
359.67
1323.2
646.2
708.5
894.11
689.3
785.9
501.2
349.8
549.1
691
737.2
683.5
692.6
673.2
504.6
350.6
225
664.8
650.2
339.6

3
1.72
0.248
1.965
6.01
614.7
614.7
709.7
359
361.89
1321.5
646.5
708
893.56
689.1
785.9
501.5
349.5
549.3
690.9
737
683.3
692.7
673.3
504.8
350.4
2251
665
650
340

4
1.72
0.245
1.93
6
614.7
614.7
709.7
355
362.44
1321.5
646.5
708.3
893.00
689.3
785.8
501.5
349.7
549.3
691.1
7371.3
683.5
692.6
673.2
504.8
350.4
225
665.2
649.7
340

5
1.72
0.248
1.93
2
614.7
614.7
709.7
355
362.44
1324.2
646.5
708
892.44
689.3
785.9
501.6
349.8
549.6
690.9
737
683.5
692.5
673.1
504.7
350.2
225.2
665
650
340.4

6
1.68
0.245
1.93
6
612
608
709.7
357
362.44
1319.4
645.8
707.6
893.56
690.1
786.1
501.5
349.8
549.3
690.8
736.9
683.6
692.6
673.2
504.8
350.4
225
665
650.2
340

7
1.68
0.24

1.965
6.01

614.7

614.7

709.7

360
360.78
1321.5

646.5

708
894.11

689.3

785.9

501.4

349.9

549.2

690.9

737

683.5

692.6

673.2

504.8

350.4

2249

664.9

650

340.1

8
1.72
0.245
1.89
6.06
614.7
614.7
709.7
355
359.67
1318.9
646.5
708
894.67
689.3
785.9
502
350
549.3
690.8
7371
683.5
692.4
673.3
504.9
350.5
225
665
650.1
340

9
1.74
0.249
1.93
&1/
610
610
709.7
355
360.22
1321.5
646.8
708.1
893.56
689
786.3
501.5
349.8
549.4
690.7
737
683.6
692.6
673.2
504.8
350.4
225
665.1
650
339.9

10
1.76
0.245
1.958
5.9
614.7
614.7
709.7
360
359.00
1321.5
646.5
708
893.00
689.3
785.9
501.5
349.8
549.3
690.6
737
683.6
692.6
673.4
504.7
350.5
225.1
665
649.8
340

11
1.66
0.245
1.93
6.1
614.7
614.7
709.7
355
359.67
1320
645.5
708
892.44
689.5
786
501.1
349.6
549.3
690.9
737.2
683.5
692.7
673.2
504.8
350.4
225.2
665.1
650
340

12
1.76
0.245
1.93
5.97
608
608
709.7
355
360.22
1321.5
646.5
707.9
893.00
689.3
785.9
501.5
349.8
549.6
691
737
683.5
692.6
673.3
504.8
350.4
225
665
650.3
340.6

13
1.72
0.25
1.93

614.7
614.7
712
351
362.44
1321.5
646.5
708
893.56
689.2
785.9
501
350
549.3
690.9
7371
683.4
692.7
673.2
504.8
350.6
225
665
650
340

14
1.74
0.245
1.93
6.07
614.7
614.7
709.7
355
363.00
1321.5
646.5
708
893.56
689.3
785.6
501.5
349.8
549.3
690.9
737
683.5
692.6
673.2
504.8
350.4
225
665
650
340



Chart 1 - Plant Data - F06 Chart 2 - Plant Data - O2percent

—a— Plant Data
—a— Plant Data

—— Average

—— Average

Avg + Stddev

Plant Data

Avg + Stddev

—— Avg - Stddev

Plant Data
= N NN
o LN W o

—— Avg - Stddev

135 7 9 1113151719 35 7 9 1113 1517 19

Time Time

Chart 3 - Plant Data - T06 Chart 4 - Plant Data - T11

—e— Plant Data

—=a— Plant Data
—— Average

—— Average
Avg + Stddev

Avg + Stddev

Plant Data

—— Avg - Stddev
—— Avg - Stddev

135 7 9 1113151719 13 15 17 19

Time

Sawe Steady State D




6567.234

3271.247

3384.938

20542.59

7940.337

12711.45

99673.84

12572.05

3548524

12235392

3791338

47302.53

21818.31

21838.05

12.78068

22350.21

8640.12

0.00429

8624.112

21.24542

36835.25

29725.27

525.4783

6630.703

27123.65

17412.39

10062.55

23275.79




DATA RECONCILIATION

measurements having only random errors - least squares

2 = variance matrix = {o%}.

o; =standard deviation of e,

f(x) - process model
- [inear or nonlinear



Linear Constraint Equations - material balances only
f(x)= Ax=0
analytical solution - X =y - ZAT(AZA")'Ay
Nonlinear Constraint Equations

f(x) includes material and energy balances, chemical
reaction rate equations, thermodynamic relations

nonlinear programming problem

GAMS and a solver, e.g. MINOS



£ Output
File “iew

==
—

ElEBEEIE RS

EENED

Values of Measured Variables

9/28/98 3:

Name

Optimal Set Point| Reconciled Data From Parameter E stimation

Reconciled a

p |cciof

6606.3

6634.34762

ccfodf

344230193

ccfofo

3163.43807

ccqg

20640.3

ccapg

10491.062993

ccarg

10143.23701

crude

100000

df

12516.3

fgad

3542000

2270 NEC

Stream Number ES |

Please type in your request:

fgcc

11592000

11642423.343357

fFarf

3731546.64

3733862.093383

Pa

46724.06523

47238.72121

rfg

21893.140083

21906.75821

rfapg

20315.08224

rfarg

1578 0% R —[O[X]

g

22803 37 He Yew

srds

¢ B = || [m

21 09K 22£201

ElEEEIEIEE F

ERE]

srdscc

srdsdf

8673

Data Validation results based on Stream No. =515

srdsfo

22 Measured Variable value|Units of Process Variables

srfo

Y » [Erapa

17093.12614|barrels/day

srfocc

30000

30130.43171

srfodf

399.63107

525.336

..i..(-

Ut b O B [l o [ b |

e AnA

I
Cancel I B




m = == &

ectvwe = FO00734. 61975

Grosz= Errar

-5 333538 71433E23961 3565

srdscc

=rd=df

srdsfo

=rfo

srfocc

=rfodf

srfofo

=rg

srapg

=rqrg




|//Model Summary & Execute M=] E3

Summary of Refinery

Flant model: Linear

Economic model: Linear. Mazimnizing

Farameter estimation algorithmn: Least Sgquares Met.
Data wvalidation algorithm: Tioa-Biegler Method (m

De=scription: Sinple Refinery

Conduct D.¥W., P.E.. E.0. in segquence
Meazured variablez: 32

Unmeasured wariables: 1

FPlant parameter=s: 13

Table=s: O

Equality constraints: 21

Inequality constraints: 165

Page length: B0
Do not include column list
T nmt anelnde ammatimm 1=t

W Dataalidation
W Parameter Estimation
V¥ EconomicOptimization

Execute | [Flose | Previous Resuk. |




||/ Interactive On-line Optimization - C:\loo\Examples\refinery.ioo

Ctrl+M
Ctrl+0

asured Variablesl Plant Parameters I Equality Constraintsl Inequality Constr

Measured Variables

Plant_Data Initial_Point| Scaling Factor] Lower_Bound| Upper_Bound
66 6567.914

Import Plant D ata 32.699 3270.056

Import Standard Deviation 33.301 3382.46
206.4 20503.298

Execute... Ctrl+E 20 464 7935.679
E xit 125.936 12721.761
. 1000 99686657
1. C:\loo\Examplesrefinery.ioo 195 17582 847
2. C:\kedar\D ata Validationhsulfuric42. oo 354200 3553606242
facc 12211460 1153920 12211460
farf 3796351.148 37612 3796351.148
pg 47263.811 471.132 47263.811
ifg 21826.603 219.936 21826.603
rfgpg 21835.077 219.936 21835.077
rfgrg 11.532 10 11.532
rq 22357.336 225.204 22357.336
srds 8636.35 a7 8636.35

OO0 oo o000 0o oo oo oo O




|/|Interactive On-line Optimization - E:AOFFICEAPRWINAFILE SAloo\E xamples\refinery_ioo

View Help
Mew Chrl+h j 'E| t?l

Opet... Chrl+0)
Lloze

Inequality Constraints I Optirization Algorithms ] Constant Properties

Tables ] Measured Yarables ] Qnmeasured'\-‘ariableé ] Plant Parameters

Save
Save As...
E xport

Execute.. Chl+E

Ezit Chrl

Model Mane: Refinen

Process Descrption: | >imple Refinery

Dptimization Dbjective:  |On-Line Ophimization

ModelT ype: Linear




