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REGULATORY CONTROLLER FOR USAGE IN A CATALYTIC OLEFINS UNIT

FIELD OF THE BDISCLOSURE
10001} This application claims priority from U.S. Provisional Application Serial Nou
62/675452 filed on May 23, 2018 and U8, Non-Provisional AppHeation Serial No.o  16/420350 filed
on May 23, 2018. The present disclosure relates to catalytic olefins conversion. More
particularly, the present disclosure relates to regenerator bed temperature control of a catalytic

conversion unit.

BACKGROUND

{0002} Olefing are a class of chemicals such as ethylene, propylene, and butylene. The
olefins are building blocks for a wide variety of products such as plastics, rubbers, and solvents.
Further, the olefins are produced from natural gas Hquids and refinery products such as naphtha,
kerosene, and gas oil. A wide variety of processes may be used to produce, recover, and convert
the olefins. Olefins may be produced using Olefin producing technologies such as, but not
limited to, steam cracking, Fluid Catalytic Cracking (FCC) and catalytic dehydrogenation
{CATOFIN®). Further, olefins may be recovered using light olefing recovery technology.
Olefing are converted to higher valued products such as, but not limited to, polysthylene,
polypropylene, and alkylate. Olefins may be converted using (Mefins conversion technology

{OCT}, ethylene dimerization, and comonomer production technology (CPFT).

{0003] One factor that plays an important role during an operation of the catalytic
ofefins technology is converter/regenerator bed temperature. The present disclosure is directed

to effective controd of regenerator bed temperature.
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BRIEF DESCRIPTION OF THE DRAWINGS

10004] For detailed understanding of the present disclosure, references should be made
to the following detailed description of the preferred embodiment, taken in conjunction with

the accompanying drawings, in which like elements have been given like numerals and wherein:

FIG. | depicts an itlustrative system diagram 100 utilizing an Advanced Process Control
{APCY Advanced Regulatory Control (ARC) strategy for conversion of catalytic olefins,

according to an embodiment;

F1G. 2 depicts an illustrative block diagram 200 showing functioning of the APC/ARC

strategy, according to an embodiment;

FIG. 3 depicts an illustrative DCS screen interface 300, according to an embodiment;

and

FIG. 4 depicts another illustrative DCS screen interface 400, according to an

embodiment.
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DETAILED DESCRIPTION

[0005] In aspects, in the present disclosure an advanced regulatory controller for a
converter of a catalytic olefins unit is described. A catalytic olefins technology, described
henceforth, may provide a method for converting low value olefing streams o valuable
propylene and ethylene products. In one case, the low value olefins streams may comprise
mixed butenes, pentenes, Fluid Catalytie Cracking (FCC) light gasoline, and coker gasoline. In
a current design of the catalytic olefins technology, an FCC type converter {i.e., reactor-
regenerator) may be combined with an ethylene style cold-end for recovery of a product.
Further, in the current design, the catalytic olefins technology may include innovative heat

integration features and may be designed for a regenerator bed temperature control.

[6006] In certain arrangements, when the converter/regenerator bed temperature is
703°C, then the catalytic olefins technology works appropriately. However, when the
converter/regenerator bed temperature falls below a design operating point of 703 °C, then
excessive afterburn may be experienced in a regenerator part of the converter and a flue gas
system during initial operations. Therefore, the converter/regenerator bed temperature of 72

“C or even 730 °C may be needed to reduce the afterburing.

{0007] Further, the converter/regenerator bed temperature may swing significantly from
disturbances in one or more variables such as feed rate, feed temperature, disengage overhead
temperature, and siripper level. In some traditional Fluid Catalytic Converters (FCC), the feed
rate, feed temperature, reactor temperature or siripper level changes at times, and coke make
automatically moves in a correct divection to minirize the impact on the converter/regenerator
bed temperature. However, in other FCC processes, very little fuel is provided by the coke on
a catalyst, thus intrinsic balancing roechanisms is missing. Embodiments of the present

disclosure provide systern and method to control regenerator bed temperature.
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{0008} FIG. 1 depiets an illustrative system diagram 100 utilizing an Advanced Process
Conirol (APC) Advanced Regulatory Coutrol (ARC) strategy for conversion of catalytic
olefins. As shown in FIG. 1, under regulstory control, a regenerator bed temperature controller
102 may be directly cascaded to a flow controller 104 (i.e., FIC coniroller) of fuel oil 106 or
tail gas 108 feed to a regenerator |10, Further, the regenerator 110 may recetve combustion air
112 and an olefin feed 118, The regenerator 110 outputs an effluent 120, which may be a
product, and a flue gas 122, The regenei‘atﬂr bed temperature controller 102 and the flow
controller 104 may henceforth be referred interchangeably as TIC controller 102 and FIC

controller 104 respectively.

{0009] in an APC/ARC mode, the flow controller 104 of the fuel oil 106 or the tail gas
108 may receive a setpoint from an Advanced Process Control {APC) application controller
114, It should be noted that an operator may switch an operation from a basic TIC control to
the APC application controller 114 using a selector (le, a DCS selector) or a localfremote
switch on the TIC controller 102. Hereinafter, the terms APC application and ARC application
may be used interchangeably. The controller 114 may be a general purpose computer having

processors, memory, and algorithms.

(6010} The APC application may include selectors 116 for controlling & manipulated
variable, such as flow of the tatl gas (Wr;) 108 or the fuel oil 106 (W), For example, in one
case, an initial setting of the manipulated variable may be used for controlling flow of the fuel
oil 106. Further, the APC application may include a controller variable such as a regenerator
bed temperature (1) and disturbance variables such as feed rate 118 {i.e., feed flow) (0 2 unit
{Wp), feed temperature(Te}, dise;ngager overhead temperature(Tyy), stripper level(S,), and
combustion air rate{4y). The APC application may further include associated variables such as

a flue gas excess oxygen composition{Opy ).
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18011} It should be noted that a basic design of the ARC application may be equivalent
to a model predictive controller. The model predictive controller may be used to provide a feed
forward element to the TIC controller 102, and thus may allow the TIC controller 102 to be
more aggressive while retaining robustness of control, In the model predictive controller, a

control action may be represented using below provided control equation 1:
d{() = G{&} +§ fed ... Equation |

{0012} in above mentioned squation 1, “” denotes model predictive error, Le., SP

PV* where PV* represents a model predicted steady state value of a Process Variable (FV).

[0013] Further, the above mentioned equation | may correspond to a Proportional
Integral (P-1} controlier. It should be noted that such form of APC/ARC controller may fall in
a general class of controllers, 1.e., a Generalized Predictive Controller ({GPC). Further, a strategy
of the Generalized Predictive Controller (GPC) may be used for smal} applications and/or for
cases where model prediction may be explicitly derived. Strategy of the Generalized Process
Controller (GPC) may be further employed, where a basic control strategy may be represented

using a below provided equation 2.

A{Wep) = G{dT)+ =~ [dTdt ... Equation 2
16014} Further, the basic control strategy may be defined in a discrete form, using a

below provided equation 3.
AWgg = Ky * (Gpg) ™  # AT + (AT, ~ ATy} ... Equation 3

10015] Thus, a new setpoint for the fuel oil, Weg, may be determined using a below

provided equation 4.

Wro = Wrg currens + AWrp ... Equation 4

5
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In above provided equation 3 and equation 4, “AWp," indicates fuel oil setpoint change from
the ARC application adjusted by flue gas excess oxygen composition. “Wrp cuyrrens | indicates
a curvent value of the fuel oil or the fusel gas flow rate setpoint. “AT” indicates bed temperature
difference between the setpoint (Tep ) and the ARC calculated predicted value (T4; ), where AT
= Tsp - Tear- “Ky” indicates a move suppression parameter used for tuning size of change inthe
manipulaied variable (AWrg). “t” denotes an integral time parameter of the controller, and 0
and 1 subscripts used with AT denotes values of a parameter at a previous period of time and

at a current period of time,

(00186} “Gpe denotes estimated gain between the regenerator bed temperature and
flow of the fuel oil (ie, obtained by steady state step tests in a commercial unit), and is

calculated using below provided equation §.
{ipg= 3T/0Wp, ... Equation 3

0017} Similarly, “Gy;" Le. estimated gain between the regenerator bed temperature

and the flow of the tail gas may be determined using below mentioned equation 6.

{0018} Grg = 0T/I0Wye ... Equation &Further, the predicted regenerator bed
temperature may be determined as a sum of current measured temperature and a predicted
change due to changes tn any or all of the disturbance variables, using below mentioned

equation 7
Tear = Tpyg + AT g ... Eguation 7

160197 In above mentioned equation 7, “Tpp" indicates a measured value of the
regenerator bed temperature at the previous time period (or one time period before). In one case,

when ARC execution time is fast, then the difference between Tpy o and Tpy ; may be marginal;
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therefore, for the purposes of implementation, a current Tpy y value may be used in place of 2

previous value, e, Tpy .

(80207 AT, mentioned in above equation 7, denotes an expected future change in the
regenerator bed temperature due to changes in the disturbance variables. Further, AT, may be
considered as a linear function of gains between the regenerator bed temperature and the
disturbance vaniables, as defined below using eguation 8.

BTen= (T T T/ b AT (T b A Tor+ T/ s 07/, Je avia

... Equation §

{00211 AT.q; may be represented in a vector notation using below provided equation 9.

AW
ATe
ATer = [Gr Gre Gor Gse Ga] | ATor
ASe

(AW | ... Eguation ¢

[6022] Further, AT may include additional constants that may allow an operator’s
selection of the disturbance variables to be included in the ARC application, as defined below
using equation 19,
ATea=Cr * Gr AW+ ¥ Grr P AT+ G * Grr ¥ ATpr + U ¥ G P AS+ Cs * G *
Lﬁ“;z‘\

... Equation 10

[0023] In above mentioned equation 10, values of constants C1, Cy, Ca, €y and Cs may
be ‘1" while the disturbance variables are considered during calculation of “ATo” and values

of the constants Gy, Oy, s, T4, and Cs may be “07 while the disturbance variables are not used
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during calculation of AT “"AWr” denotes a change in feed flow to the unit Le. Wr - Wro,

fromy time to to the time ty, where & > to and (; - o) define the ARC time period.

[0024] Further, Gr may be calculated as 5T/0We, where Gr denotes estimated steady
state gain between the regenerator bed temperature and the feed flow. ATr denotes a change in
feed temperature to the wnit, Ter - Tro, from time to to time . Grr may be calculated as 9T/9Ty,
where Grr denotes estimated steady state gain between the regenerator bed temperature and the
feed temnperature. AT denotes change on the disengager overhead temperaiure to the unit,
Troi - Troe, from time & to time 4. Further, Gpr denotes estimated steady state gain between
the regenerator bed temperature and the disengager overhead temperature, and may be
determined as 0T/0Twur. Further, ASy denotes a change on the stripper level in the unit, Sy -
Sva, from time 1t to time 1. Gsu denotes estimated steady state gain between the regenerator bed
ternperature and the stripper level, and may be determined as 8T/08,. AW 4 denotes a change in
the combustion air flow rate to the unit, Wai - Wag, from time to 1o time t1. Ga denotes estimated
steady state gain between the regenerator bed temperature and the combustion air flow rate, and

may be determined as JT/0Wa.

160257 Additionally, other disturbance variables such as, but not lmited to, air
temperature, gain, and constant may also be included in the equation 10 for calculating AT,
without departing from the scope of the disclosure. As discussed above, the ARC application
may include the associated variable. The associated variable may comprise flue gas excess
oxygen composition {Opy ) that may constrain change in the flue gas flow rate setpoint, It should
be noted that a change in the flue gas excess oxypgen composition may be Hnearly dependent on
the combustion air flow rate change and the fuel flow rate change to the regenerator 110, Using
the calculated value of the fuel oil 106 change (AWro), change in the value of the flue gas
excess Oxygen composition may be determined using below mentioned equation 11 or equation

12

o
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10/ 000
A0e { / fﬁW“'} * AW - { / /é?Wm) * B ... BEquation [

A= Goa * AWa .+ Gro ® AWrg ... Equation 12

fn above provided equation 11 and equation 12, “AQOw” denotes expected fiture change in the
flue gas excess oxygen composition due to changes in the disturbance variables. Goa denotes
estimated steady state gain between the flue gas excess oxygen composition and the combustion
air flow rate, and may be determined using 80/0Wa. AW 4 denotes a change in the combustion
air flow rate to the unit, Wai - Wao, from time to to time 1y, where t; > toand (& - tp) define the
ARC time period. Gro denotes estimated steady state gain between the flue gas excess oxygen
composition and the fuel gas flow rate, and may be determined as &0/0Wro. AWro denotes
calculated value of the change in fuel gas flow rate from a previous caleulation of the fuel gas

flow rate,

{0026} The parameters such as Gy, Gy, Gor, Gsi, and Ga, defined in the equation 9 and
equation 10 and the parameiers Goa and Geo defined in the equation 12 may be obtained by
steady state step tests in the operating unit. The steady state step tests may be described later.
Further, upper and lower Himits on the flue gas excess oxygen composition may be defined and
entered through a DCS field. It should be noted that the fuel supplied to the regenerstor 110
may be limited when calculated change in flue gas excess oxygen composition forces the
oxygen composition to be outside the Hmits. Thus, a limit checking may be performed using

the below mentioned equation 13,
AOur= Oup - Opv, and ADuo= Oo - Opy ... Equation I3

[0027] In above mentioned equation 13, AQur denotes a difference between the flue gas
excess oxygen composition value {(Opv) and an upper limit for oxygen composition in the flue

gas (Our), and AGyo denotes a difference between the flue gas excess oxygen composition value
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{Opv} and a lower limit for oxygen composition in the flue gas (Ouo). Further, Opy is a process

value obtained from an analyzer or from a lab report.

0028 In one case, while AUcaL 2 AOup, change in the fuel oil seipoint may be
P

constrained using below mentioned equation 14,

AWro= AWro.(A0w/ | Equation 14

Similarly, while AOcau < AOup, change in the fuel oil setpoint may be constrained using below

mentioned equation 15

AWro = AWk °{&QF,O/'3{ECAL} ... Bquation 13
(60291 While the move limits are not violated, then a change in the fuel oil flow rate

may not be constrained, i.e., the full move may be allowed, i.e, AWro = AWro, Additionally,
two independent flags, 1Poz and LOo: may be defined to indicate to the operator that the flue
gas exXcess oxygen composition may be active. In one case, while Opy > QOue, then UPoy = ON,

otherwise UPgz = OFF. In another case, while Opyv > Opo, then LOo; = ON, otherwise LOg; =

OFF.

[0030] It should be noted that g controller (i.¢., TIC controlier 102} may have high and
low setpoint Himits which may override the controller action, when the setpoint lies outside the
limits. The change on the manipulated variable may have high and low limits, and may require
a ramp function {0 adjust the setpoint smoothly and provide bumpless transfer from a regulatory

action.

{0031] As discussed above, the parameters such as Gy, Grr, Gor, Gs, and G4 may be
determined by the steady state step tests in the operating unit. For exarple, in a case, Gr may

be determined using the steady state step tests in the operating unit. Further, Gr may be

10
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deterrnined as the steady state gain value of AT/AWYr, where delta values of the variables may
be determined from the steady state step tests on the operating unit or from an operator training
simulator system. The steady state step tests may include steady state gains that may be
estimated as a ratio of a discrete steady state change in the control variables Le. the regenerator
bed temperature, to a step change in the disturbance variables or the manipulated variable. It
should be noted that following method may be used for estimating the steady state gains for Gr

computed as AT/AWe,

{0032} At first, the operating unit may be running at a stable steady state. Further, a step
change could be made on the feed flow controller. It should be noted that size of the change
may be agreed with the operations before the test. Further, values of the variables may be
recorded throughout the change in the feed flow 118 and at a steady state (T, Wy). Thereafter,
an operator may wait until the operating unit reaches a steady state or some stable operation.
Successively, a value of new temperature {Tnew) may be recorded after the step change. Further,
a value of change in the regenerator bed temperature (AT = Trew — T} may be detemﬁne&. it
should be noted that the value of AWr may be the difference between value of the feed flow
118 afler and before the step change L.e., AWr = Wrnew - Wr. Thereafler, the value of the steady

step gain {Gr) may be estimated as ratio of the difference values, Le. Gr = AT/AWE

18033} it will be apparent to one skilled in the art that the above-mentioned method for
determining the gains may be applicable to other gains such as, but not limited to, gains of
temperature with the flow rates of the fuel oil 106 and the tail gas 108 as well, without departing

from the scope of the disclosure,

[0034] FIG. 2 depicts an illustrative block diagram 200 showing functioning of the
APC/ARC sirategy. A configuration of a controller (i.e., TIC controller 102) may be

implemented in a DCS system, not requiring an additional hardware or sofiware.

i1
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{0035] At first, the ARC application may receive one or more inputs {(i.e., manual
inputs} from an operator, at a step 202. The one or more inputs may include an ON/OFF
activation of the AR application, manipulated variable suppression factors Ky and Kz
constants {1, Ca, Gy, Ug, and Cs ON/OFY binary variables for inchusion of variables gains in the
ARC application, and ON/OFF activation parameter of the flue gas excess oxygen compaosition
calculation to adjusting fuel oil 106 flow rate. Based on the received inputs, steady state gains
for Gr, Grr, Got, Gsi, Gro, Gro, Goa, and Gor may be determined, at step 204, The steady state

gains may be calculated using the steady state step tests in the operating unit.

{0038] Successively, the ARC application may receive one or more process inputs, at
step 206. The process inputs may include, but not limited to, the fead rate 118 to the unit, feed
temperature, disengager overhead temperature, stripper level, fuel oil flow, tail gas flow,
regenerator bed temperature, flue gas excess oxvgen composition, and combustion air rate.
Further, data may be retrieved at Ti, at step 208, The data at Ty may include Wri, Ter, Tor, Set,
Gri, Om, Tse, Tev,y, and Way, Similarly, data may be retrieved at To, at step 210, The data at To

may include Weo, Tro, Toro, Swe, Gro, Gro, Tsp, Tev,e, and Wap,

{3037] Based on the received data at T and To, change in values of variables i.e., AWr,
ATy, ATor, and ASu may be caleulated, at step 212, It should be noted that for each predefined
period of time, & - &, the ARC application may calculate changes in the disturbance variables
at the start of the time period (1s) and at the end of the time period {(6:) Post calculation, the ARC
application may load To from T, at step 214, Further, the changes in the values of the variables
along with the calculated steady state gains and the constants (l.e,, Cy, Gy, Cs, Co, and Cs) may
be used to determine ATeqy at step 2186, It should be noted that values of the constants may be
provided by the operator in order to determine the AT Further, the operator may decide which

of the disturbance variable gains may be used to calculate the regenerator bed temperature by

12
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setting the values of the constants Cl, ©s, Gy, Cy, and Cs. Values of the constants may be set as

‘17 while tn use, otherwise may be set as *0".

160438] Successively, a manipulated variable unconstrained move may be caleulated, at
step 218 The manipulated variable onconstrained move may be calculated based on move
suppression parameters (e, Ky, £,) and integral time parameter (7). The manipulated varigble

unconstrained move may be determined using below mentioned equation 16.
AWro = Ki*Gro® AT + 1/ 1 (AT ~ AT} ... Equation 16

100391 Based at least on the manipulated variable unconstrained move, flue gas excess
oxygen composition value, and a process valueg, 8 manipulated variable move may be
constrained, at step 220. Thereafier, setpoints (i.c., manipulated variable FIC seipoinis) may be
calculated, at step 222, The setpoints may be determined using below mentioned equation 17

and equation 18,

Weo = Weoows + AWre ... Equation 17
Wra = Wigee + AWra ... Equation 18
(3040} 1t should be noted that flue gas excess oxygen composition constraint may be

retrieved and used as a flag value, at step 224, The flue gas excess oxygen composition may be
retrieved based on inputs such as Opv, Oue, and Cro In a case, the flowrate change may be
constrained by the flue gas excess oxygen composition calculation before the flowrate change
may be applied to the FIC controller 104, Further, the ARC application may transmit the
calculated setpoints to a controdler 226. It should be noted that ARC selector and 3 manipulated
variable selector may feed to the controller 226. Thereafier, the ARC application may change

the flow rate of the fuel ol and the tail gas.

13
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(00417 It should be noted that the predicted regenerator bed temperature may be
compared with the setpoint (Tee) and the difference may be used as an ervor value to determine
the change in the manipulated variable {Wr). Further, the suggested ARU run frequency may
be onee per minute and may be easily tuned to run slower or faster depending on an observed
quality of control, Further, in a case, the ARC setpoint may be applied to the flow controller
104 through a filter such as a ramp function, to ensure a smooth and bump less change in the

manipulated variable value,

{0042} FiGG. 3 depicts an illustrative DCS screen interface 300. The DCS screen
interface 300 may be used by the operator to define all variables of the ARC application. The
DCS screen interface 300 may display variables such as controlled variable 3020f the ARC
application. Further, the IICS screen interface 300 may display a tag field 304 and a measured
value field 306 of the variables. The {ag field 304 may be selected from below provided table

illustrating DCS Tags associated with variables of the ARC application.

Tag Description Lniis
i FICI0POT Feed flow rate Kg/H
2 FICIORGT 8 Fuel oil injection o regenerator KgH
3 LICIORGE 2 Stripper level %
4 TIIOROL 17 Disengager Dome” DEGC
5 TICIOHOY 3 Feed temperature DEGC
& TICIORGL 23 Converter regenerator dense bed temyp. DEGC
7 FICIGROY 3 Tail gas flow rate Kg/H
8 AITOEG3 2A Flue gas O2 analyzer Mol%s
9 FIISKOL 1 Main air compressor dischargs Nmih

[6043] The DCS screen interface 300 may further display a target field 308 of the

controlled variable 302 that the operator may use to set a target value or a desired value, and 2

%4
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mode field 310. It should be noted that the mode field 310 may indicate which of the variables
may be used to control the regenerator bed temperature. [t should also be noted that in
embodiments, the disengager temperature may be replaced by the controller TICTOR01 1 set

point.

{0044] As shown fn FIG. 3, the DCS screen interface 300 may further display
manipulated variables 312 and the setpoint 314 of the manipulated variables. It should be noted
that the mode may comprise MAN, AUTO, CASCADE, or REMOTE CASCAE, depending
on the configuration of the manipulated variables 312, Further, the DCS screen interface 300
may display associated variables 316 and distributed variables 318 with high limits field 320,

tow fimiis field 322, unit(s) field 324, and an available field 326.

100451 The high limits field 320 and the low limits field 322 may be changed by the
operator and a flag constraint may be displayed to the operator as a change of color of the high
lirnits field 320 and the low limits field 322. It should be noted that the flag constraint may be
displayed when high limits and low limits may be reached and changed back when the high
limits and the low limits are normal. The available field 326 may be changed by the operator
i.e., ON/OFF to activate an adjustment of the fuel setpoint by the calculation of the flue gas
excess oxygen composition. Further, the available field 326 may be used by the operator when

the gain of the associated variable may be active in the ARC temperature caleulation.

[0046] The DCS interface screen 300 may further display an application state field 328
that may be configured as a selector of the ARC application and the regulatory control. The
application state field 328 way be used by the operator to set ON/OFF while the ARC

apphication is active or inactive.

100471 FIG. 4 depicts another illustrative DCS screen interface 400. The DCS interface

screen 400 may be used by the operator to input values of parameters or constants for the ARC
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application. As shown in FIG. 4, an ARC estimated gains of variables 402 may be entered by
the operator using the DCS interface screen 400, Further, the DICS interface screen 400 may
include an active ficld 404 such as ON/OFF fields that may indicate about the flow used as the
manipulated vartable. The DCS interface screen 400 may further display messured values field
406 of the disturbance variables, the manipulated variables, and the controlled variables along
with a setpoint field 408. It should be noted that values of the calculated temperature and the
combustion air flowrate may also be displayed to the operator. Further, the DCS interface screen
4040 may display adjusting parameters field 410 to the operator. The adjﬁsﬁing parameters field
410 may tuclude suppression factor field 412, an integral action field 414, and AW value field
416. It should be noted that values of the adjusting parameters field 410 may be provided by

the operator and thus may be helpful in tuning up the ARC application.

160481 The DCS interface screen 400 may further display measured values field, lab
input field 418, and a iab/analyzer field 420, of the associated variable. In a case, when the
analyzer may not work, then a lab value may be entered by the operator in the lab input ficld
418. It should be noted that the lab inpui field 418, and the lab/analyzer field may allow the
operator to set the value that may be used by the ARC application in the calculation. Further, a
set of values may be selected as a default for gains, constants, and tuning values. The values

may be replaced easily or restore with a use of a restore default values ficld 422,

[0049] The disclosed embodiments encompass numerous advantages. Various
embodiments of an advanced regulatory controller for a converter of a catalytic olefins unit
may be disclosed. The advanced regulatory model predictive feed forward Advanced Process
Control {APC) or Advanced Regulatory Control {ARC) function may include feed-forward
adjustments to the regenerator fuel in response to changes in the variables of the ARC
application, and thus may result in minimizing swings in the regenerator bed temperature. Thus,

functionality of the ARC application may allow the regenerator bed temperature to be
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maintained closer to the desired setpoint for low afterbuming. Further, such system and method
may include consideration of critical constraints to fuel combustion, Therefore, such operation
of flue gas mechanical system will result in more stable operation and extended life of the flue

gas mechanical systems.

[0050] From the above, it should be appreciated that what has been described includes
a method of converting a olefin stream into a product stream. The method may include the step
of feeding at least an olefin feed, 3 fuel oif, and a tail gas into a regenerator to produce an
effluent stream; and operating the regenerator. Operating the generator way inchude the steps
of determining at least one disturbance variable associated with the regenerator, the at least one
disturbance variable being selected from one off (i) an olefin feed rate, (i) an olefin feed
temperature, (1i) a disengager temperature, and (iv) a stripper level; predicting a change in the
regenerator bed temperature based on the determined at least one distuwrbance variable;
determining a setpoint {or a flow rate of at least one input to a regenerator based on the predicted
change in the regenerator bed temperature, wherein the at lgast one input is selected from one

oft {i} a fuel oil, and (i1} a tail gas; feeding the effluent stream 0 generate the product stream.

{0051} In embodiments, a Distributed Control Systern (DCS) may be implemented 1o
control the regenerator. As used herein, a DCS is a computer-based control system having
control loops.  Autonomous controllers are distributed throughout various components and
devices making up the system. A central operator supervisory control oversees operation of the
autonomous controllers.  The autonomous controllers exchange data with the supervisory

control using a suitable communication network.

[0052] From the above, i should be appreciated that what has been described also
includes method of controlling the regenerator temperature in a general process of converting

a olefin stream into a product stream. The method may include the steps of feeding at least an

17
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olefin fead, a fuel oil, and a tail gas into a regenerator to produce an effluent stream; operating
the regenerator by: determining at least one disturbance variable associated with the
regenerator, the at least one disturbance variable being selected from one of: (i) an olefin feed
rate, (i} an olefin feed temperature, (i1} a disengager temperature, and (iv) a siripper level;
predicting a change in the regenerator bed temperature based on the determined at least one
disturbance variable; and determining a setpoint for a flow rate of at least one input to a
regenerator based on the predicted change in the regenerator bed temperature, wherein the at
least one input is selected from one of! (i} a fuel oil, and (i1} a tail gas; and feeding the effluent
stream to generate the product stream. Also, the controlier may be implementad in g Distributed

Control System.

18
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THE CLAIMS

1. A method of controlling a regenerator bed temperature for a catalytic olefins unit, the
regenerator receiving at ieast an olefin feed, a fuel oil, and a tail gas, the method

comprising:

- determining at least one disturbance variable associated with the regenerator, the at
least one disturbance variable being selected from one of! (i} an olefin feed rate,
{ii} an olefin feed temperature, (ii1) a disengager temperature, and {iv} a stripper

level;

- predicting a change in the regenerator bed temperature based on the determined at

least one disturbance variable; and

- determining a setpoint for a flow rate of at least one regenerator input to a regenerator
based on the predicted change in the regenerator bed temperature, wherein the
at least one regenerator input is selected from one of: (i) a fuel oil, and (i1) a tail

gas.

4 The method of claim 1, further comprising:

- determining at least one process input selected from one of: fuel oil flow, tail gas flow,
regenerator bed temperature, flue gas oxygen contert, and regenerator
combustion air rate, wherein the setpoint is alse determined based on the

determined at least one process input.
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3

LAY

air;

The method of claim 1, further comprising: determining 2 gain in the regenerator bed
temperature for a change in at least one disturbance variable and a change in the at Jeast
one regenerator input, wherein the setpoint is also determined based on the determined

gain,

The method of claim |, further comprising:

- determining an excess oxygen content in a flue gas; and

- constraining the setpoint based on the determined excess oxygen content.

The method of claim 1, further comprising:

~ communicating the determined setpoint to a controller; and

- adjusting a valve using the controller to obtained the determined setpoint,

The method of claim 1, finther comprising: displaving the determined setpoint o a

human controller.

A systemn for converting a olefin feed into a product stream, comprising:

- g regencrator receiving a fuel oil feed, a tail gas feed, the olefin feed, and a combustion

- g controller controlling a flow of the fuel oil feed and the tail gas feed; and

20
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- an application controller in signal communication with the controller, the application

controller being configured to:

- determine at least one disturbance variable associated with the regenerator, the
at least one disturbance variable being selected from one oft (i) an olefin feed
rate, (11} an olefin feed temperature, (iit) a disengager temperature, and (iv} a

stripper level;

- predict a change in the regenerator bed temperature based on the determined

at least one disturbance variable; and

- determine a setpoint for a fow rate of at least one regenerator input to a
regenerator based on the predicted change in the regenerator bed temperature,
wherein the at least one regenerator input is sclected from one of: (i) the fuel

oil feed, and (it} the tail gas feed.

8, A method of controlling the regenerator temperature in a general process of converting

a olefin stream into a product stream, comprising:

- feeding at least an olefin feed, a fuel oil, and a tail gas into a regenerator to produce

an efffuent siream;
- operating the regenerator by:

- determining at least one disturbance variable associated with the regenerator,
the at least one disturbance variable being selected from one of: (i) an
olefin feed rate, {ii} an olefin feed temperature, (i) a disengager

temperature, and (iv} 3 stripper level;
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- predicting a change in the regenerator bed tomperature based on the

determined at least one disturbance variable;

- determining a setpoint for a flow rate of at least one input to a regenerator
based on the predicted change in the regenerator bed temperature,
wherein the at least one input s selected from one of! (i) a fuel oil, and

(11} a tail gas; and

- teeding the effluent strearn 1o generate the product stream,

9, The method of claim &, wherein the controlier is implemented in a Distributed Control

System,

13 A method of converting a olefin stream into a product stream, comprising:

- feeding at least an olefin feed, a fuel oil, and a tail gas into a regenerator to produce

an effluent stream;

- operating the regencrator by:

~ determining at least one disturbance variable associated with the regenerator,
the at least one disturbance variable being selected from one oft (3} an
olefin feed rate, (ii} an olefin feed temperature, () a disengager

temperature, and (iv) a stripper level;

~ predicting a change in the rogenerator bed temperature based on the

determined at {east one disturbance variable;
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- determining a setpoint for a flow rate of at least one input to a regenerator
based on the predicted change in the regenerator bed temperature,
wherein the at Jeast one input is selected from one of: (i) a fuel oil, and

{11} a tail gas; and

- feeding the effluent stream to generate the product stream.

{1, The method of claim 10, further comprising implementing a Distributed Control

System to control the regenerator.
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