Achieving Operational Excellence on a
Continuous Process with Severe
Disturbances: A DeltaV APC Project

Leveraging Embedded APC
Technology and SmartProcess
Applications
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Introduction et

= Process Overview

m Successful APC Execution Plan

m Business Results Achieved

= Summary

= \Where To Get More Information
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Process Overview — Delayed Coking || L

= Thermal process, Vacuum Resid rapidly heated and

contained in a coke drum.
— Process is endothermic (heat of reaction supplied by
furnace)

= Three Distinct Steps
— Partial vaporization and mild cracking of feed in furnace
— Cracking of vapors as flow passes through coke drum
— Successive cracking and polymerization of hydrocarbons in
coke drum
= Yields and Product Quality are a function of
temperature, pressure, and throughput ratio (fresh feed
+ recycle)/fresh feed
ELEVAI

® |ncrease in coking temp decreases coke productiomﬂﬂé;'ﬁhﬁ
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Process Overview — Disturbances

= Process Unmeasured & Unquantified Disturbances

— Drum Cycles
« Backwarm
 Drum Switches

— HCGO Pall Filter Switches
« HCGO pumparound integrated into the product circuit
« Amplified the effects of HOURLY Pall filter switches

= Control Induced Variability
— Feed pump spillback pressure control valve

— Tower reflux flow control valve
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Disturbances Ll

= \What would you do if your fractionator is in equilibrium
and the V/L, feed rate, feed composition, heat input,
suddenly changed by 20% — 30%?

= | eave and go fishing!

= Effects
— Tray Weeping
— Equilibrium disturbances (Vapor Liquid Mass Transfer)
— Off Spec Product and less yield
— Major compensation moves by operators
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Process Overview Summary |

= Challenges:
— Continuous process with significant cyclic disturbances
* Inconsistent operator response to process disturbances
* Product quality and yield variation

= Project Objectives:

— Compensate for disturbances

— Maximize LCGO production
— Minimize product quality (Naphtha, LCGO) variation

m APC facilitates:
— Automates and optimizes “Best operator responses”

— Control loops in desired modes
— Minimize operator intervention Hﬂ%ﬂﬁﬁﬁg
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= Justification
— Internal Sponsorship
— ROl Assessment

= System Preparation
— Control Foundation Analysis & Improvement

= APC Execution
— Embedded MPC and SmartProcess® Composites

— Model Identification & Validation
— Optimizer Objective Function Definition

= Quantify Benefits
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= Extensive review of process, equipment, problems, and
project objectives

= Estimate Yield and Financial results achievable with
APC

= APC Implementation Plan including valve/instrument
repairs

= Obtain support of operations and management
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System Preparation — Control Foundation Bl

= Analyze key control loops, not just tune loops!

= Goal to improve PROCESS performance not just
“LOOP” performance

= Review control metrics with DeltaV InSight

= Review control configuration and scheme

= Maximize PROCESS performance
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System Preparation — Control Foundation

= Field walk down
— Assess equipment installation against best practices

— Assess general type and condition of control valves and
Instrumentation

= QOperator interviews
— Facilitates better understanding of the process
— Understand control problems and operator responses

= Scope for APC Project
— Reviewed and analyzed 30 key loops
— Found issues with 3 key instrument and 2 critical valves
— “Significant” (>30%) tuning changes on 27 of 30 loops
— Recommended new control scheme on critical equi
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System Preparation — Control Foundation

Before Repair Valve Readback
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After Repair Valve Readback
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APC Execution — Control Foundation

= Results
— Significant (>30%) reduction in variability on 10/30 of the

loops
— Found opportunity for small MPC to increase waste heat
recovery - $70K/year bengfit!

— |dentified critical valves that required maintenance
= Reduces time required to implement APC

= Increases benefit of APC projects
— Coordinated control loop responses contribute to project
success

= Provides 25-50% of benefit of total APC project! Hﬂ% e



APC Execution — Embedded Model Predictivigysr=

 GLOBAL
“Users

Control

= MPC - Model Predictive Control

m Special control block in DeltaV
— Multiple inputs WPC-PRO1 D3
— Multiple outputs
— Dynamic matrix controller
— Linear Program Optimizer #1

= Uses models to predict future
trajectory of the controlled
variables

m Optimizer achieves
process/economic objectives

_| FoLLOW

18
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* Manipulated Variables (MV) — Valves or controller
setpoints written to by the MPC.

* Disturbance Variables (DV) - Measured variables
whllcrg)lmay also affect the value of controlled
variables

* Controlled Variables (CV) - Process variables
which are to be maintained at a specific value; i.e.,
the setpoint

* Constraints (Limit) Variables (LV) - Variables
which must be maintained within an operatlng@mm—
range (a special type of CV) EXFERTISE
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= Pre-Engineered APC Applications

= MPC and NN licenses

= Application specific calculations

= KPI's

= Regulatory control configuration

= Simulated process and example APC solution
= Configuration guide

= [mplementation services (optional)
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Months
1 2 3 4 5 6 7 8 9 10 11 12
Functional Design
| | _ Traditigwal APC
Det. Design, Config & Staging Teghfiology }

Step Tests & Model ID

L2Ommissioning

Functional Design

Det. Design & Config pbedded APC Implement
echnology .
Step Tests & Model ID in V4 the

Commjigsioning time!

F.D. & Config
SteE Tests & Mogs#TD [SmartProcess® Applications }

with Embedded APC

Commissioning
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“Process” Inputs “Process” Outputs
MV’s & DV’s CVs&lVs
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= DeltaV PredictPro - Automate MV step testing routine
and determine models

= Emerson’s EnTech Toolkit determine models very

accurately
— Many models were available from the control foundation
project, so we continued full model analysis with Toolkit

= PredictPro validate models from any source
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e Controlled Variables (CV) - e Constraints (LV) - Variables
Process variables which are to be which must be maintained within
maintained at a specific value; an operating range (a special
i.e., the setpoint type of CV)

* Naphtha Draw Comp Temp * Debut Reboiler Bypass Valve
e LCGO Draw Comp Temp * Frac Ovhd Rec LIC Out
e HCGO Draw Comp Temp e Sponge Oil Static Head
» LCGO To Strpr Viv
* Manipulated Variables (MV) — * Etc.
Controller setpoints written to
by the MPC.
.  Disturbance Variables (DV) -
Ovhd Temp (TC751285) Measured variables whic(h r‘r?ay
« Net LCGO (FIC751349) also affect the value of

controlled variables
* Lean Oilto E7610 (FIC

» HCGO P/A (FIC751288)
* Total Wash Qil (FC75

e Backwarm (calculated)

e Drum Switch (calculated)
* Fresh Feed

* Reflux Flow

* Reflux Temp

e Coke Drum Quench Temp
 Etc.
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= Measurements are not available for Backwarm and

Drum Switch
= Created “calculated” DV’s for Backwarm and Drum

Switch

= Backwarm
— Reduction in heat input to the Fractionator

— Change in composition to the Fractionator
— Created a DV with scale 0-100%, reduce from 100 to 80
when triggered

= Drum Switch
— Reduction in heat input to the Fractionator
— Minor change in composition to the Fractionator ETEVATEE
— Created a DV with scale 0-100%, reduce from 100 to FOF AN
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= Each DV triggered with key process variables and
associated switching valves

= DV’s ramped slowly back to 100% after event to “re-

b

darm

= Calculated the models for both DV’s

— Knowing approximately how much key MV's would move to
compensate for the heat and composition change

— Use the opposite amount of MV move, multiplied by know
MV to CV/LV models to obtain the model from the calculated

DV’s



APC Execution — Validate MIPC

GLOBAL

- USERS

Process Models e

IModeIs Contents of 'Control & Constraint’
E EHEATER_MPCIMPC-PROI ze)
£ Test Setup H
Trend Setup
Models
[ Model20070827 155432 Verification of Control & Constraint
A Control & Constraint
e Manipulated & Disturbance
) Heater Flue 02
E mzj::ggg:gjgi?gﬁg; Output Mame: | Squared Enar | H-Squ@_
= Heater Outlet Tem 051 1.00 L
[ Heater Flue 02 075 038 F
= Heater Tube Skin 1.38 Ik ol
19 Hedle fiBlower .. 0.03 0.9 i o
b Target Feed Riale 0 0% [ ol
Io¥ Fusel 0 Target 422 050 oL >
L o
: .... 4 ..N“
< [
51
F L)
: &
F “
and K
 Werly Against Selected Data i
& Wy Lising DighalData SR 1
-1 5 0 5 10
Predicted
 Actual and Predicted &+ Pergent Bestore Chart |
ys, Sample
&  Eng. Urit




APC Execution — MPC Optimizer — Linear T

GLOBAL
- USERS ©
P o g ram , EXCHANGE
5 HEATER_MPCMPC-PRO1.mpeep - Deltay P 1ol
Fle Edt ‘iew Options Applications Help
& Contraller Setup | HEEEHE 35 s ?|<( DI AR T *?\|@ 2 R’"|
Models IContents of 'Contraoller Setup’
ﬂ HEATER_MPCMPC-PRO1
oo {3 Test Setup

0 Trend Setup

Lorstiaint Varishles D efi n e
multiple
Obijective Name I[Standard] O pe rati n g

W Operator Selectable d
s modes
Name Optimizatian Type | Waluz per % |

- Modelz00

= Fuel il Target
= Heater Air Blower Amps
= Heater Fugl Gas

= Heater Qutlet Temperatuie

- = Heater Air Flow Minimize 1.00

= Heater Tube Skin Temp
1o Target Foed Pate Add= | = Heater Feed Mavinize: 1.00
= Heater Flue 02 Minimize 0.00

010

Minimize

=M Heater Fuel il

Select from list of Set
controller variables Max/Min

Automalic |s.55225

Conent [F5502% HPhenz 1 an d P rice
fleces IS'TME? Default Objective on Download: | [Standard) -

[ Display Most Sigrific:
@ Mote: Changes on this dialog take effect after the next download. 0K I Cancel | Help

Easy to set up and configure
the built-in LP Optimizer :

=

AT
N

For Help, press F1




D EMERSON

S g GLOBAL
= - USERS
APC Execution — Performance | oo
@, MPCT5001MPC-PRO1.mpccp - MPC Operate Pro > =18]x|
Fle View Trend Tuning Hep
mi sml e «I< 2> ] o
[contents of HPC750014C-PROI Draw Temps'
- C“"“gc [ overview | EEERRTERRY LCGO Treylnfo| Teendt| Trends | Trends | Trend? | Trencs | TiendSet & % C B O C
MW Lol Draw Temps
B | | Minimal deviation
&T—W—_l 0 | . .
0. [(Standar) - 300 i | d
| - during major
= . disturbance!

[ ephthaDiaw Con Terip— || 240
: 220
200-
180

= )
g

<
- 160+
- | | | | | | | | | | |
= El PM 3PM 4PM BPM 6PM 7PM
) 12 Thu Mar 2015
= 2 2l »
Disate| = , l e 2
- Parameter Reference Descriptor | Value J Units | Timestamp |
g & MPC75001/MPC-PRO1/SP1.CVY SPNaphtha Draw Comp Temp  238... °F  3/12/201555345 PM
< * MPC75001/MPC-PRO1/PROC_OUT1.CY ~ Naphtha Draw Comp Temp 237.. 'F 3/12/201555945PM
: MPC75001/MPC-PROT/SP2.LY SPLCGO Draw Comp Temp ~ 383.. 'F 3/12/2015553:45 PM
MPC75001/MPC-PRO1/PROC.| DUTZCV LCGO Draw Comp Temp 383.. F 3/12/201555345 PM
B MPC75001/MPC-PROT/SPICY SPHCGO Diaw Comp Temp ~ B75.. °F 3/12/2015559.45 PM
B MPC75001/MPC-PROT/PROC_OUTACY  HCGO Draw Comp Temp 675.. ‘'F 3/12/201555945 PM
Corfroled ed Constrairt Dist GE
[ Naphtha DrefisPlv [ Ovhd Temp hut Reboler Byp I~ LCGOID Strpr viv "] HCGO Pi MY Limt I~ Fresh Feed | H7S01 Coll 1 Feed | H7501 Coi 3Feed |
v R — .
23 571 11812 EEN 4465 CERIN 362 EI
HLcoo DrawllsP [ Net LCGO | Frac OvhdRecLIC ™| Ovhd Temp My Limi | TotalWash Ol My [~ Reflux Flow I”| H7501 Coil1 Condel™ |  H7501 Coil 3 Condel
3 | agsa% e ] i e0 | 1504 loh
[ Hcoo Drawfisel 7 Lean Oito E7610 HCGO Draw Tray LI | Net LCGO MV Limt l' Reflux Temp I”| H7501 Coil 2Feed ™|  Backwarm Disturbal
5756 s oimm| |7 33e0 EE socummm  00% MW
HCGO PiA I Sponge Oil Static ™| Lean Ol My Limt [~ Coke Drum Quench ™| H7501 Coil 2 Conde/™ |  Drum Switch Distur |
| & 07 1000%
Total Wash Of
af
) | 2

[ INOM [ istory: WEST-APP-HIST



() EMERSON
GLOBAL

“USERs ¥

Business Results Achieved g

= Eliminated operator intervention during coke drum
backwarm and drum switch operations!

= The average LCGO production was increased by
almost 5% of rate which resulted in a payback of 6
months for the project!

® Reduced downstream unit constraint

— Shifted HCGO production to LCGO - Right barrels in the
right place!

= Reduced Naphtha quality exceedances by 32%, LCGO
oy 40%

= ROI < 6 months! ——

= Management & Operators gained confidence in w&fmﬁﬂ
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= APC can be successful on process with large
unmeasured disturbances

= [mplementation plan ensures success
— Project Sponsor
— Benefit Assessment
— Control Foundation Improvement

— Embedded MCP and SmartProcess® Application Package
saves time

= Reduced product quality exceedances by >32%
= ROI on project was 6 months!

= |dentified other opportunities

= Questions
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Where To Get More Information || B

m Other EGUE Sessions
— 1BD

®= [nformation

— Advanced Control Foundation: Tools, Techniques and

Applications ; Terrence L. Blevins, Gregory K. McMillan, Willy K.
Wojsznis, Mark Nixon.

— Advanced Control Unleashed: Plant Performance Management

for Optimum Benefit; Terrence L. Blevins, Gregory K. McMillan,
Willy K. Wojsznis, Michael W. Brown

= Consulting Services
— Emerson Process Management, Industry Solutions Group

— James Beall, James.Beall@emerson.com
— John Ward, John.W.Ward@emerson.com
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Enjoy the rest of the
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