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» Background and Motivations Honeywell

v" Over the last 30+ years, process industries have made much
progress in real-time control and optimization

» Close to 10 thousand MPC controllers have been implemented in different
Industries.
+ Oil refining, petrochemical, pulp & paper, alumina — just to name a few
» >100 plantwide optimization solutions have been implemented
+ The majority of them are for ethylene plants

> Estimated benefits delivered: $10 billions ($5 billions by Honeywell)

v" To broaden the reach of control, improvement opportunities exist:
1) Solution Scalability:
2) Solution Operability
3) Real-time responsiveness (e.g., steady-state RTO)

v A multiscale MPC cascade solution will be proposed

» The goal is to broaden the reach of control into a new class of unsolved problems,
and more specifically, to bridge the gap between planning and control.
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Proposed Multiscale MPC Cascade

Honeywell

Master MPC
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MPC Control MPC Control
Slave MPC 1 Slave MPC 2 Slave MPC n Automation System Hierarchy

» 1-to-n MPC cascade — One Master MPC and multiple Slave MPCs

» The Master MPC employs a dynamic model which can be, at user’s discretion, a coarser-scale model
* e.g., similar to the scale-level of a planning model

» The Slave MPCs employs a dynamic model which can be a finer-scale one

» If Slave MPCs are deployed at every process unit, then the Master MPC can solve the plantwide
production control problem dynamically and in closed loop
+ Currently, a steady-state version of this problem is controlled by planning solutions in open-loop
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A Refinery-wide Control Problem: JIT manufacturing

Honeywell
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A Refinery-wide Control Problem: JIT manufacturing

Honeywell

Blending Components

. TYPICAL
Straight-run products REFINERY PRODUCTS
CRUDE
UNIT [} pG AND GAS . N VAPOR o REFINERY FUEL
( ( ( RECOVERY GAS
STABIL- A A A
IZER | STRAIGHT RUN GASOL > LPG
SECTION] ISOMERIZATION N -
~
P p ]
CRUDE 3 7 REGULAR .
UNIT . - ol N GASOLINE
NAPHTHA ‘ HYDTRINC sl SiroiRiRE REFORMA . ﬁ‘, g REMIUM
EA >
ATMOS = » i 4 GASOLINE
— .
o / /B | soLvents
SECTION | MIDDLE DISTILLATES HYDRO o K >
{ TREATING > ;5 AVIATION FUELS
P >
4 & - LAATI ¢ DIESELS
CRUDE HVY ATMOS GAS OIL ~——-1._ | caTALYTIC GASOLINE > ! =
CRACKING % I By, HEATING OILS
CRUDE | VAC GAS OIL = O < 5 / >
UNIT - LGO A [ IL
/ > | ALKYLATION Iﬁ - > o >
VACUUM FRACTIONATOR BOTT - % GREASES -
SECTION AROMATICS = RS
REDUCTION Q- >
- o INDUSTRIAL _
( = FUELS >
LUBE BASE STOCKS
(.| HYDRO | GASOLINE NAPHTHA, AND MIDDLE DISTILLATES - W REFINERY "
> CRACKING = — FUEL OIL
“ =
PROPANE LUBE OILS s
DEASPHALTER DEWAXING A -, o
WAXES < —
> >
GASOLINE, NAPHTHA, [ _AND MIDDLE DISTILLATES e . (@)
VISBREAKER | FUEL OIL >
= ASPHALT =
A
g LT. GAS N
1 DELAYED GASOLINE, NAPHTHA, AND MIDDLE DISTILLATES J
COKER  f— COKE _

* The intermediate tanks here are for illustration and may vary from plant to plant.
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A Refinery-wide Control Problem: JIT manufacturing

Honeywell
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JIT manufacturing viewed as a control problem

Honeywell

Scope: the distillate production pool in an oil refinery
v Itis simpler but still captures most of the important issues
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Just-in-Time Manufacturing — Quality Control ()

Honeywell
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Just-in-Time Manufacturing — Quality Control ()

Honeywell
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» Few if any (closed-loop) control solutions are available for this class of problems!
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Control Model Matrix for the Master MPC

1) Production amount
2) Product quality

A

Controlled Variables

~

~

Honeywell
1)  Unit feed rates, 1) Demands
2) Control factors that affect the product quality 2) Others
AL
e Manipulated Variables M DVs

\WAVA Crudel
Feed

CrUdeZ CrUdeS Hydrocracker Cr Unit Hydrotreater PrO(_jUCt-i
Feed Feed Conv Cuts Sulfur delivery

v Each (i, j) entry contains a dynamic model g; ;(s):

-0's

) . K k 05 -
v Often simple dynamicssuch as 777 OF o Would suffice

v Notice that there is no setpoint in this control problem — just constraint control
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Model Predictive Range Control

Honeywell

Versatile control needs in MIMO applications

Regulatory
v’ Regulatory control .| Control
v" Constraint control
v’ Transition control

. g 2
au* = arg minf Aau +y (I}, +|laul,

Model Predictive Range Control

v Output prediction: y=Aau+y

v" The set-point is changed into a “set-range”

nnnnnnnnnnnnnn

v" A slack variable S is introduced in the formulation

v Additional degrees of freedom are used for

: ~ 2
> Optimization: e.g., AU* = arg mlnHAAu +y + HAUHR
AU,S
o : Yio SS< Y
miny, Yosysyy-—1% ™
- Range
Control

2 S, [ i 2
col
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Range MPC Design and Solution

Honeywell

» Performance Specification:
prediction —___,
: . horizon |
chcr)ﬁzcgn ! i controlled
high linhit_______ ’N ) .. variable
low [imitmeoo—- t&\ m_ _______
\\R\\W? |
\/\% i i manipulated
| ' variable
M |
current time
time
4 é)rediction—,
¢ correcti jhorizon i irolled
i i controlle
set-point &&&‘ ___________ . variable
—\_/%\ | manipulated
\_‘_‘—\_ﬁ_‘ variable
N
current tim::
time

Range control algorithm

v Two-stage analytic approach
a) solve the range control problem

AU* = arg min|Aau + y — s||(2? +[lau;

AU,S
b) If soln to (a) is not unique, solve for the minimum
effort control

: 2 ~
AU* = arg rrlthAu\ o YoSAw+y<y,

v" Online algorithm similar to the active-set QP:
(here assume R =0)

2
* - Aact Wact
AU* =argmin AU —
AU, W W
free free Q

Let Q?AY =U RV,

au*=arg min|[U, RV, Jau — WactHz
Au
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Master MPC for JIT Manufacturing in closed loop?
Honeywell

Master MPC
EararaEnEn A Vol

ultivarianle
Tank3.Level MPC C t I
A EAra B R S =7

i B B o s e s

Multivariable Multivariable Multivariable
MPC Control MPC Control MPC Control

Slave MPC 1 Slave MPC 2 Slave MPC n

v Yes, if the solution for JIT manufacturing from the Master
MPC is implementable by the Slave MPCs.

v No, if the solution from the Master MPC can cause one or / ML MVZ MVS MV MVS MVG MVT MV Feed
more Slave MPCs to wind up (i.e. sustained CV constraint on |~
violations).
v' The Real Challenge: ol I A D A B R A
» What’s implementable now (or today) may not be o N N VAR N N
implementable in the future (or tomorrow) o
» The slave constraints change over time K = /
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Master-Slave Models: a side-by-side view

Honeywell

v Below is an illustration of the model structure for 2 combined units:
Different Tasks

<= Master MV/DV index N

Plantwide Optimization
>_ * Inventory control

* Quality control
» Cost and profit

Master MPC
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A

d 2.5 2.6 2.7 2.8 2.9 2.a 2b <:| Slave MV index

/
2 0
5 <
—
[<5]
>
(353
%)
~ Unit Process Control
4 «  Safe/smooth operation
>‘ * Unit efficiency
@ * Intermediate Quality
(@) » Local Optimization
3 <
z
%)
N /

v The relationship is a bit convoluted, so let’s first look at the simplest case: 1 conjoint variable per Slave MPC
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The Concept of Proxy Limit — An Illustration for 1 Conjoint Variable Case
Honeywell

Steps in the hydrocraker example:

Refi ner Bleqding Components TYPICAL
Stralght-run pl’OdUCIS REFINERY PRODUCTS

1) The HC feed is MV3 in the Master. [ oo E——
2) Its current value is 33 T Lo esone (o E::\ g
3) The Master makes an inquiry call to the . é e i,_»::,:g
Slave to maximize the feed, subject to the AT — =T ,;f{,;;f'a
Slave constraints N = P P e 0:% = s
4)  The call returns the following: T fucoson ST oL — D Lo
a) the maximum feed = 38, and SN mEEe | s :33”'“" = -
b) other active CV/MV constraints - = | g B
5) The master uses the maximum feed limit of g
38 as a proxy limit for all Slave constraints. v - I
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The Concept of Proxy Limit — An Illustration for 1 Conjoint Variable Case

Honeywell
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1) The HC feed is MV3 in the Master. ET - E—
2) Its current value is 33 A o oo oo E\:\ i
3) The Master makes an inquiry call to the B e é e i’::: [
Slave to maximize the feed, subject to the iy — 2l /ff,;;f'ﬁ
“ SECTION| MIDDLE DISTILLATES = TREATING 3 AVIATION FUELS
Slave constraints I R = P - [ O] & B [
4)  The call returns the following: aupe [ucasson T B — BT s
H VACUUM FRACTIONATOR B()'I'TW m I~ GREASES
a) the maximum feed = 38, and SN EEAT Myvac s =
b) other active CV/MV constraints ‘ | : g
5) The master uses the maximum feed limit of J % T g
38 as a proxy limit for all Slave constraints. iy IR B ¢
IGASOLFISELI\:J,?]]-’HTHA, AND MIDDLE DISTHLATES (—>J
@ DELAYED S ] GASOLINE, NAPHTHA, AND MIDDLE DISTILLATES \
COKER —;— COKE
Opt Value: 107 125 283 114 \/ \
Opt Feed MV2 MV3 MV4 MV5 MV6 MV7 MV8 MV9 HydrocraCklng
Vpl 33 0 105 104  0.68 274 110 Rosctows -
alue : Separator
100 CVl \ H Vent Gas
- s03 |~ N ol

K I N N e l\ig “_ ' -
gg\/?? 1 1 _/— l l _/— ::ﬁllals

750 . uco
CV4 k ; Recycle
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Approximate the feasible region defined by the Slave constraints

for 2 (or more) conjoint variables Honeywell
Master | ) )
CMYEn  viiow Lt MV High :
|
|
_____ :________________T\A\ﬂzﬂig%_
I |
I |
I 5 :
| Current Operating Point (0,0) I
: :
_____ e e e e e o ———— = — ——
, ™MV 2Tow
I I
| |
. Master CMV(; Conjoint MVs Fre/e\ MVs

e N ™

LT
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Approximate the feasible region defined by the Slave constraints

for 2 (or more) conjoint variables Honeywell
Master -2
1 \Q\ -
YD o qQc‘“w MV1 High :
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Approximate the feasible region defined by the Slave constraints

for 2 (or more) conjoint variables Honeywell
Master -2
1 \Q\ -
YD o qQc‘“w MV1 High :
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Approximate the feasible region defined by the Slave constraints

for 2 (or more) conjoint variables Honeywell
Master -2
1 \Q\ -
YD o qQc‘“w MV1 High :
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»# Approximate the feasible region defined by the Slave constraints

Call #

for 2 (or more) conjoint variables Honeywell
Master /DQ
» -
MV II_ow L N o :

MV1 High

Master CMV,,  Conjoint MVs Free MVs
e o |

8 inquiry calls:

minc'x
X

conj

N O~ wWwN

e ke L oo A

ct dt
[bLO = AcXconj + Af Xfree = bH

dix. . =0

|

conj

G
Where, A= |: | }

N N N i = =)
P PR, RFPPPFPOO
R =P P OOPFrPF
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»# Approximate the feasible region defined by the Slave constraints

Call #

for 2 (or more) conjoint variables Honeywell
Master /DQ
» -
MV II_ow L N o :

MV1 High

Master CMV,,  Conjoint MVs Free MVs
e o |

8 inquiry calls:

minc'x
X

conj

N O~ wWwN

e ke L oo A

ct dt
[bLO = AcXconj + Af Xfree = bH

dix. . =0

|

conj

G
Where, A= |: | }

N N N i = =)
P PR, RFPPPFPOO
R =P P OOPFrPF
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»# Approximate the feasible region defined by the Slave constraints

Call #

for 2 (or more) conjoint variables Honeywell
Master /DQ
» -
MV II_ow L N o :

MV1 High

Master CMV,,  Conjoint MVs Free MVs
e o |

8 inquiry calls:

minc'x
X

conj

N O~ wWwN

e ke L oo A

ct dt
[bLO = AcXconj + Af Xfree = bH

dix. . =0

|

conj

G
Where, A= |: | }

N N N i = =)
P PR, RFPPPFPOO
R =P P OOPFrPF
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»# Approximate the feasible region defined by the Slave constraints

Call #

for 2 (or more) conjoint variables Honeywell
Master 46“
» -
AL IV II_ow L s I

e© MV1 High

Current Operating Poi

I
b |

Lo(3) ] _

5

Master CMV,,  Conjoint MVs Free MVs
e o |

8 inquiry calls: min ctx
X

conj

N O~ wWwN

e ke L oo A

ct dt
[bLO = AcXconj + Af Xfree = bH

dix. . =0

|

conj

G
Where, A= |: | }

N N N i = =)
P PR, RFPPPFPOO
R =P P OOPFrPF
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»# Approximate the feasible region defined by the Slave constraints

Call #

for 2 (or more) conjoint variables Honeywell
Master 46“
» -
AL IV II_ow L s I

e© MV1 High

b |
Lo(3) ] _

73 MasterCMV(;) Conjoint MVs Frej\MVs
(. D\

8 inquiry calls:

conj

minc'x
X

N O~ wWwN

e ke L oo A

ct dt
[bLO = AcXconj + Af Xfree = bH

dix. . =0

|

conj

G
Where, A= |: | }

N N N i = =)
P PR, RFPPPFPOO
R =P P OOPFrPF
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Append the Proxy CV Limits to the Master’s Model

Honeywell

Proxy MV Constraints

<=3 Master MV index

e
z Master MPC
: <
g

" » The feasible region defined by a slave

MPC can be approximated by Proxy
n Proxy CV Constraints (up to 8 in the previous example) CV constraints.
(= Slave MV index

-
° <
2 v" With both Proxy MV and CV limits,
? the Master’s solution will always be

~ implementable by the Slave MPCs.
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3
‘m

> Simulation Study and Benefit Analysis Honeywel

v A customer requested a simulation study for benefit analysis
» Planning model, plant economics and operating data were provided

v" The distillate production pool was chosen as the study scope

» The same scope as in the previous illustration
» There were 3 instances of unit shutdowns (ranging from 5 to 35 days each)

Study Scope Includes:

3 Crude Units

2 Vacuum Towers

2 Hydrotreating Units

1 Hydrocracking Unit

1 Fluidized Catalyst Cracking (FCC) Unit
2 blending component tanks

N X X X X
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Study Scope: distillate production of an oil refinery
Honeywell

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4 to Poly/Alky
Heavy Distillate
A Vacuum T VGOl Gasoline
Light Gasoil to FCC Tower FCC
— I HVGO Lco
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCo
Atmos Bottoms
BN
I
Atmos Bottoms to FCC \]/ Slurry
Naphtha LCO from FCC
Crude
Unit Distillate Fd tank 2 Naphtha
Diesel [~
—> B j HTR
L Tank A - -
Atmos Bottoms 0 loud = -5 ~-25C Blending
“ 4 /0 Sulfur = 0~10ppm
Feed [Final Prod - Y
4‘( """"""""""""""""""""" Tank 2 . \
| \ \ S
i Naphtha E @ —
'; ENaphtha Tank B P ]
Crude Light Distillate : Diesel Cloud = -45 ~ -48C
Unit Unifiner Sulfur = 4-6ppm PI’OdUCt
Heavy Distillate
c 1% T Demand
Atmos Gasoil
']\ Debut Overhead
Light Naphtha Debutanizer
Hydro Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Cracker
Tower Light Distillate
C Heavy Vacuum Gasoil
’ ) 00/.\ Heavy Distillate (to FGC)
[ S U
Vacuum Tower Bottoms - Bottoms
Feed HCO from FCC
Tanks 3
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Study Scope: distillate production of an oil refinery

Honeywell

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4 to Poly/Alky
Heavy Distillate
A Vacuum T VGOl Gasoline
Light Gasoil to FCC Tower FCC
— I HVGO Lco
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCo
Atmos Bottoms
BN
[ L
Atmos Bottoms to FCC \]/ Slurry
Naphtha LCO from FCC
Crude
Unit Distillate Fd tank 2

Atmos Bottoms

Diesel
HTR

—

Naphtha

4%

Naphtha p | 3
Diesel

-

Blending

l

Final Brod

he

U)
—

Ho ell doe}
NAerform now?

Crude Light Distillate
Unit Unifiner Sulfur = 4-6ppm Product
Heavy Distill
c leavy Distillate 1(y /[ Demand
Atmos Gasoil 0
/|\ Debut Overhead
Light Naphtha Debutanizer
Hydro Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Cracker
Tower Light Distillate
C Heavy Vacuum Gasoil

Heavy Distillate (to FC

G

Bottoms

L
| 0%
e
I
Vacuum Tower Bottoms -
Feed HCO from FCC
Tanks 3
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Current Performance: Significant Quality Giveaways
The components exceeded the necessary qualities Honeywell

KBarrels/Month

KBarrels/Month

Monthly Distillate Productions in a More Profitable Product-Mix I Product A
I Product B

[ lProductC
| Product D
BN Product E
I Froduct F

» A more profitable product
| mix could have been
produced in the study year

i 2 3 4 5 6 7 8 9 10 11 12 13 ﬁ

Historical (Acutal) Monthly Distillate Productions

2000 —— 7 — — Over-Qualification: $65M/year
- | ~$3/Barrel of Product
1500 -
1000 i 8 B § = gl § )
» The actual product mix was
500t (bl R produced and sold in the
0 — e e e study year

1 2 3 4 5 6 7 8 9 10 11 12 13
Month in the Study Year

The purpose for estimating the quality giveaway ($65/M year in this specific case):
» isto show how less optimally the components were produced at a potentially higher cost.
» isto show the potential room for reducing the component quality and still meeting the same demand.
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How can we improve?
JIT manufacturing with an MPC cascade control

Honeywell

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4 to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI Gasoline
Light Gasoil to FCC Tower FCC
T r HVGO 1 Lco
Heavy Gasoil to FCC A Fé__>
Vacuum Bottoms to FCC HCOo
Atmos Bottoms T
N
L
Atmos Bottoms to FCC \]/ Slurry
Naphtha LCO from FCC \L
Crude
Unit Distillate Fdtank 2 Naphtha
Diesel [~
B 1 HTR
Mntimizatinn - OVaa y I a v 1
oo Bottoms T ZatoOn) e : Blending N )
Sulfur = 0~10ppm ] \ |‘ N A \ [
T)Reduce 1 duction COSts mam A AEAE N =
NN =
| 1 N =
it IR 1 -
1 e (2) Reduce the feed gost I
' bl aphtha Tank B e T s T Fre |
Crude Light Distillate : Diesel Cloud = -45 ~ -48C
Unit Unifiner  Sulfur = 4-6ppm
Heavy Distillate
‘ i Same product
Atmos Gasoil . .
— l £ Debut Overhead d e | iveries
Light Naphtha Debutanizer
Hydro Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Cracker
Tower Light Distillate
C Heavy Vacuum Gasoil
’ Heavy Distillate (to F4C)
Vacuum Tower Bottoms - Bottoms
HCO from FCC
Tanks 3
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First Step: Build the Master MPC Controller
Honeywell

Master MPC

odel Gains

— (s

Multivariable -
MPC Control —

/N

two-way connection

two-way connection k

Multivariable Multivariable Multivariable
MPC Control MPC Control MPC Control
Slave MPC 1 Slave MPC 2 Slave MPC n

» The Master MPC model gains are extracted from the existing planning model
(coarser scale model)
+ Dynamics of the model are obtained from the operational data
» The Slave MPCs are the existing APC controllers.
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Next Step: Estimate the Proxy Limits

Honeywell

To what extent is the Master MPC allowed to change the Slave unit’s operations?

Hydrocracker Conversion - Actual vs Maximum

100.000

95.000 f

) ]

85.000
80.000 A V w w u \‘
75.000

70.000

OO NDDOMNMONNT A NDOMNMONNTAOONDDOMONTAOLANDDOMNONNT IO NDOMON 00 L0
SN ANMNMTOODONNNMNOOODODO T NNMNMEITNDNOONOODOOODO AT NMMIOIOOM~N0ODOOTANMMS LD O
A A A A A A A A A A A AT N NNNNNNNNNNANNNODOOOOOOOO®M
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g’,/ Next Step: Estimate the Proxy Limits @) eywell

Heavy Distillate HTR Feed Rate - Actual vs Maximum

OO ANDDOMOMNT 0 W10 AN D
AN ANMITWOLWO©N~MNSOWO, S

106
113
120
127
134
141
148
155
162
169
176
183
190
197
204
211
218
225
232
239
246
253
260
267
274
281
288
295
302
309
316
323
330
337
344
351
358
365
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Master’s Control and Optimization Results:
Component Quality Changes in Tank #3  Honeywell

Tank3.Cloud Point in Deg C

Tank3.Flash Point in Deg C

N FAlRYS i Lower flash poi
i« ower flash point
1 ~ L * 58 = 4 B
- - / T -
Higher cloud pomt\:}/ /J\f ﬂ& =g Ul ety & means that more
means that more - %J*\ ’ A \ P et « - +low-cost (lighter)
low-cost (heavier) ™ e / J * \ T4 ¥ % / P components are
components are A *ﬁN\ f 7 g ) ) \/ \/‘/* i used to produce
used to produce the 5% A - —:F—\/ 3}% the same products
same products . _t\ ) 3
@ :
47 += %u
-48 l
50 100 150 200 250 300 350 50 100 150 200 250 300 350 .
- Sulfur is controlled at
Ténk3..QuaI|t|es (After - Master MPC) its hlgh limit which
*  Historical Operation Data (Before)
o _ means much lower
Tank3.90pct Point in Deg C Tank3.Sulfur in PPM ‘s
11 / —_catalyst/utility costs
/Z\/ 10
260 i o /fﬁ \/
) ; / __2@@_ * / Y L
Higher 90pct pomt\/// X % T 8 ERE S
means that more 255 “%ﬁ IL 4 , / o ¥
low-cost (heavier) o5 F * T \ ZZ ' T ¥ w ¥ ﬁ_ﬁ
components are \f“/\\ e ¥ il © 6%+ = -
used to produce the ~ | | & B - Pl P
ﬁ%‘%@*‘ 5 * o F
same products T o -
45 A 4 g
#
3
50 100 150 200 250 300 350 0 100 200 300 400

[ Component production costs are significantly reduced! ]
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Feed Saving by Leveraging

Volumetric Gains

Honeywell

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI Gasoline
Light Gasoil to FCC Tower FCC
— r HVGO Lco
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCO
Atmos Bottoms
e
|
Atmos Bottoms to FCC \l/ Slurry
Naphtha LCO from FCC
Crude
Unit Distillate Fd tank 2 Naphtha
Diesel
% Tank A
Atmos Bottoms 0 loud = -5 ~-25C Blending
“ 4 A) Sulfur = 0~10ppm
Feed |Final Product >
/?i """"""""""""""""""" Tank 2
B Naphtha ; @
:. s Naphtha Tank B
Crude Light Distillate ' Diesel Cloud = -45 ~ -48C
Unit Unifiner Sulfur = 4-6ppm
Heavy Distillate
c 1% [
Atmos Gasoil
']\ Debut Overhead
Light Naphtha Debutanizer
Hydro Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Cracker
Tower Light Distillate
C Heavy Vacuum Gasoil 7
‘ Heavy Distillate (to FGC)
>
Vacuum Tower Bottoms - Bottoms
Feed HCO from FCC 200/'D
Tanks 3
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Feed Saving by Leveraging

Volumetric Gains

Honeywell

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI Gasoline
Light Gasoil to FCC Tower FCC
— r HVGO Lco
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCO
Atmos Bottoms
e
|
Atmos Bottoms to FCC \l/ Slurry
Naphtha LCO from FCC
Crude
Unit Distillate Fd tank 2 Naphtha
Diesel
% Tank A
Atmos Bottoms 0 loud = -5 ~-25C Blending
“ 4 A) Sulfur = 0~10ppm
Feed |Final Product >
/?i """"""""""""""""""" Tank 2
B Naphtha ; @
:. s Naphtha Tank B
Crude Light Distillate ' Diesel Cloud = -45 ~ -48C
Unit Unifiner Sulfur = 4-6ppm
Heavy Distillate
c 1% [
Atmos Gasoil
']\ ¢, DebutOverhead
o ’ﬂ‘b’ Light Naphtha Debutanizer
A)
Hydro, 00 Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Craéé\x; ‘\@;a |
Tower Z‘b% \ﬂ Light Distil[a_'(e/
C Heavy Vacuum Gasoil 9 Q%" L/

Vacuum Tower Bottoms

Feed
Tanks 3

QX

S \\ r&cb

HCO from FCC

20%

Heavy Distillate (to F

ls}

Bottoms
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Feed Saving by Leveraging

Volumetric Gains

Honeywell

Naphtha
_—
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI Gasoline
E—
Light Gasoil to FCC Tower FCC
[\ HVGO LCO
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCO
>
Atmos Bottoms
—>
|
Atmos Bottoms to-FE€=——""~ \l/ Slurry
Naphtha LCO from FCC [/ \\
_—
Crude / V
Unit Distillate Fd tank 2 Naphtha
. ——>
Diegel
—>] B H
Diesel
Atmos Bottoms “ 4% Blending
Feed Q& Final Product >
AT Tank 2 Q >
5 ®
| Naphtha (’J\ Component
Naphtha Tank B
Crude Light Distillate [ Diesel Cloud = -45 ~ -48C
Unit Unifiner |
Heavy Distillate
: 1%
Atmos Gasoil
—
']\ ¢, DebutOverhead
’ﬂ‘b’ Light Naphtha Debutanizer
o
Hydro, 00 Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Craégs; ‘\@é |
Tower "b% \ﬂ Light Distil[ate/
C Heavy Vacuum Gasoil ‘w 6\6%-( L/

Vacuum Tower Bottoms

Feed
Tanks 3

‘ —\) Q,@

HCO from FCC

20%

Heavy Distillate (to FGC

Bottoms
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Feed Saving by Leveraging Volumetric Gains

Honeywell

Naphtha
I

Crude Light Distillate VGO Purchase - Column V
Unit C3/C4to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI Gasoline
Light Gasoil to FCC Tower FCC
— r HVGO Lco
Heavy Gasoil to FCC A F__;
Vacuum Bottoms to FCC HCO
Atmos Bottoms T
.9
L
Atmos Bottoms toFE6=——_"~ \l/

Slurry

Naphtha LCO from FCC [/ \\
N
Crude V
Unit Distillate Fd tank 2 £r Naphtha
e s

Diegel
H
Diesel
Atmos Bottoms Blending

A% =

Feed @@ fFins Procuct—> ¢

AT Tank 2 Q 177}

| Naphtha ; (’J\ Component %’;
:. Naphtha Tank B 9
Crude Light Distillate ' [ Diesel Cloud = -45 ~ -48C ::
Unit Unifiner | . @)
Heavy Distillate oy
‘ 1% Q
Atmos Gasoil O

—
']\ X Debut Overhead
’ﬂ‘b’ Light Naphtha Debutanizer
o
Hydro, 00 Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Craégs; ‘\@é |
Tower "b% \ﬂ Light Distil[ate/
C Heavy Vacuum Gasoil 6\6%-( L/
6 Heavy Distillate (to F4C)
S - \\ r&c'
Vacuum Tower Bottoms - Bottoms
4
Feed HCO from FCC 200/D
Tanks 3
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Feed Saving by Leveraging Volumetric Gains

Honeywell

Naphtha

5

Crude
Unit

Light Distillate

VGO Purchase - Column V
Heavy Distillate

C3/C4to Poly/Alky
—
A Vacuum T LVGOl \7 Gasoline
>
Light Gasoil to FCC Tower = Fce
S ——
f// HVGO Lco
Heavy Gasoil to FCC A / 66 F__;
Vacuum Q\tgr% to FCC HCO
Atmos Bottoms O >
A>
cC G -
¥ .
(\S‘A\' Atmos Bottoms toFE6=——_"~ \l/ Slurry
¥
00{99°
Naphtha B “co from Fec [/ \\
I
Crude /
Unit Distillate ( Fd tank 2

£r Naphtha V
——>

Atmos Bottoms

Diesel

Blending

Feed %‘8@ (Final Product >,
/?i """"""""""""""""""" Tank 2
's =

(T

4 SNaphtha ’b\c @
:. Naphtha Tank B

Crude Light Distillate ' [ Diesel

Unit

Cloud = -45 ~ -48C
Unifiner | .
Heavy Distillate
c 1%
Atmos Gasoil
']\ X Debut Overhead
’ﬂ‘b’ Light Naphtha
ol
Hydro,
Vacuum

Heavy Naphtha
Light Vacuum Gasoil Craégs; -\256 |
Tower % ﬂ

304 03 [1oseD SST

Debutanizer

Atmos Bottoms

> N Light Distilfate_|
C Heavy Vacuum Gasoil 6‘\@%-’ I_/
6 Heavy Distillate (to F4C)
- \\ r&c'
Vacuum Tower Bottoms

Bottoms

HCO from FCC 200/'D
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Feed Saving by Leveraging

Volumetric Gains

Honeywell

5) Save the crude feed by 0.5%

Vacuum Tower Bottoms

HCO from FCC

S \\ r&cb

20%

&

Heavy Distillate (to FGC

Naphtha
Crude Light Distillate VGO Purchase - Column V
Unit C3/C4to Poly/Alky
Heavy Distillate
A Vacuum T LVGOI \7 Gasoline
Light Gasoil to FCC Tower Z\‘ Fce
VHVGO LCO
Heavy Gasoil to FCC A / 66 F__>
Vacuum Q\tgr% to FCC HCO
Atmos Bottoms %30" >
c© -
s T
|
(\S‘A\'e Atmos Bottoms toFE6=——_"~ \l/ Slurry
o 4
Naphtha b‘\ LCO from FCC \\
Crude / V
Unit Distillate Fd tank 2 Naphtha
Diesel [~
B H
Diesel
Atmos Bottoms 0 Blending ]
VA% =
Feed & it prout 6
AT Tank 2 Q > 7
| 006\ @
| Naphtha (’J\ Component 7]
Naphtha Tank B 9
Crude Light Distillate [ Diesel Cloud = -45 ~ -48C —
Unit Unifiner | 8
Heavy Distillate oy
c 1% [ Q
Atmos Gasoil O
']\ ¢, DebutOverhead
o ’ﬂ‘b’ Light Naphtha Debutanizer
o
Hydro, 00 Heavy Naphtha
Atmos Bottoms Vacuum Light Vacuum Gasoil Craégs; ‘\@é |
Tower :‘b% \ﬂ Light Distil[ate/
C Heavy Vacuum Gasoil ,w 2 ¥ I_/

Bottoms
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Feed Saving from Optimizing the Volumetric Gains

Honeywell

| Net Result: Crude Reduction |

Incremental Changes in Crude Unit Feed Rate
4 [ r r
Crude Unit 1 deltaFeed
Crude Unit 2 deltaFeed
Crude Unit 3 deltaFeed b
Combined Crude deltaFeed

Average crude 1 |

saving is ~ 0.5% for
meeting the same

WK

product demand.
Huge cost saving! ||
-3
-4
-5 [ [ [
0 50 100 150 200 250 300 350 400
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Honeywell

| Net Result: Crude Reduction |

Incremental Changes in Crude Unit Feed Rate
4 T T
Crude Unit 1 deltaFeed
Crude Unit 2 deltaFeed
3 Crude Unit 3 deltaFeed
Combined Crude deltaFeed

ez TR TR R TR

meetingthesame [ | /' | A Nn VWVV‘ — wv

product demand.

v
N

Huge cost saving!

0 50 100 150 200 250 300 350 400
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{2% Concluding Remarks
A

Honeywell

|

v A (multiscale) MPC cascade control is proposed
» Current state-of-the-art: Planning is used as a form of open-loop control

» Improvement: The planning model is fleshed out with dynamics and used in closed-loop
control (inside an MPC cascade)

v This new MPC cascade solution provides better:

> Scalability — Suitable for different plant size, small or large
> Operability — Decentralized control is retained while providing centralized, plantwide optimization

> Real-time responsiveness — The master runs like a regular MPC controller
v A large class of JIT manufacturing problems can be better controlled

v The potential benefits of better closed-loop plantwide control are significant

» An oil refinery simulation study suggests that

+ Refineries can give away a significant amount of product quality due to inadequate closed-
loop control — ~$65M/year (~$3/barrel) for a specific refinery distillate pool

+ The MPC cascade solution can capture ~$22M/year (~$1/barrel) without changing the product
orders.
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Future Work

Honeywell

v More efficient methods for estimating the feasible region defined by the
constraints in a Slave MPC

» Particularly for # of Conjoint MVs > 4

v' 3-level MPC Cascade for a larger part of the supply chain?
» For example: a combination of multiple refineries and fuel/crude depots?

Level-3 Master

Multivariable
MPC Control
two-way connection two-way connection

J }

Master MPC Master MPC Master MPC

Multivariable
MPC Control

Multivariable
MPC Control

Multivariable
MPC Control

Multivariable Multivariable Multivariable Multivariable

Multivariable Multivariable
MPC Control MPC Control MPC Control MPC Control MPC Control MPC Control

Slave MPC 1 Slave MPC 2 Slave MPCn  gjave MPC 1 Slave MPC 2 Slave MPCn  Slave MPC 1 Slave MPC 2 Slave MPC n
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