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The Following slides are modified for distribution
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Aspen DMC3 - Adaptive Process Control Technology Overview

State of the art Adaptive Process Control solution to build and maintain controllers

- Patented technology that Enables
Calibrate Background Testing

Ease of Tuning and Optimization

ASpen Robust control while maximizing
DMC3 Robust Control benefits
Real-Time Monitoring and
Aspen Watch e
- Most Profit Hungry APC <
il DMCplus Engine Teahmals




Why do companies choose

Aspen DMC3 - Adaptive Process Control Keeping models
up to date

Adaptive Process Control
enables continuous
background maintenance

Ease of use, Too Testing is ‘ - e % .
: ' ' timizing while testing
powerful tools, dlsr_uptlve and p
few/experienced difficult to in e ko AT

simplified tuning | APC resources schedule
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Aspen DMC3 — Calibrate Technology

‘ Enable Background Testing while optimizing
‘ Minimal Impact to Operations

‘ Reduce Maintenance Efforts & Enable Rapid deployment
‘ Automatic Online Model Identification
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Calibrate: Enables Background Model Updates
Optimizing Control while testing

Non-lnvasive
Approach

The engineer decides the
trade-off between optimal
control and step testing

No operator intervention
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(CR=1)
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Adaptive Model Quality Analysis (MQA)

= Reliable Model Quality in Closed Loop
— Identifies root cause of poor performance
— Pin points troubled areas for focused Revamps
— Measures progress continuously
— Model Quality KPIs

CV1|CV2 |CV3 |CV4 |CV5 |CVE |CVT
MV1 MV1
MV2 MV2
MV3 MV3
MV4 Mv4
MV5 MV5

CV1|CV2 |CV3 |CV4 |CV5 |CV6 |CVT

CV1|CV2 |CV3 |CV4 |CV5 |CVE |CVT

MV1 MY 1
MV2 MV2
MV3 MY3
MVv4 MV4
MV5 MVY5

CV1|CV2|CV3 |CV4 |CV5 |CVe |CVT

[ : Good, @ : Fair, = : Unknown, Il : Bad
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Aspen DMC3 Deployment and Maintenance Lifecycle

Traditional Work Flow

Pre-Test l

Test |
l—» Model ID

l Build
L—yny
Controller |
l—»Commission

l—v Sustain

—
3 - 4 Months 1

Start Getting

Benefits
(W aspentech

Pre-Test

Aspen DMC3 Work flow

-

o

A

Reduce

Calibration Ratio

Calibrate Mode \

Model ID

Continuous
—

Improvement

Update
Controller /
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Adaptive for New Projects
Faster Benefits Accrual

“ rﬂud Eling r~.10nitﬂring Trnuuhzsrlnnting

+PI0 loop tuning sSupervised step s+[Data slicing +«Open & closedbbop  +Plant/mode +«Correct mismatch
sInstrumentation testing _ sIdentification testing mismatch +2Add constrains
Feview *[Data collecting *Tuning sAdditional sFine tuning

*[Design constrains

= e
-
3-4 months _ _
Start getting benefits

= :..Adaptr'.e "ﬂde:l e - rqndEllng

*PID loop tuning sAutomated step testing sFine ~  +Open&
sInstrumentation review «Automated data collecting identification closed loop
*Design * G testing

*Historical data gathering *Fine Tuning

sInitial strategy and"
model

sAutomated modeling
*Process optimization with

APC project time line - Standard
and Adaptive approaches

.
-

) 3-4 weeks

Start getting benefits

refining & marketing

M eni &
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Summary of Aspen DMC3 Benefits

= Maximize APC benefits through continuous background maintenance

= Enable faster project implementation

Continuous Improvement

= Expand APC footprint to more units 1|

Benefits Goal Sustain

= Enable more Engineers

= Significantly affect the cash curve!

Benefits

Poor Support

e —

Cost
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Aspen DMC3 - Smart Tune

Simplify Controller Tuning and Maintenance




Challenges in LP Tuning

= Trial and error used to set tuning parameters
= Requires experienced APC engineer to setup and modify
= Tuning becomes increasingly challenging as number of variables increase
= Tuning must be updated to account for changes in model, process or economics
Model: HGPTest = ‘ @... - \ AT =
L ONLINE
DMCplus Model Excel Simulations
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What is Aspen DMC3: Smart Tune

A New Sequential Multi-Objective Optimizer

iImplify LP tuning by directly specifying objectives

etup wizard to effortlessly configure the optimizer

rovides visual view of the controller strategy online

‘Smart Tune Worldlow  This page allows you to specify the preferred economic direction for each MV, MVs must be set to one of the following choices: Maximize, Minimize.

Winimum Mavement or No Preference, For MVs set to No Preference the optimal direction will be determined by the desired CV constraints selected in a

{ later step Help

1. Define Structure.

Smart Tune Configuration - crudeunit -

No Preference MVs <= Maximize MVs
HEATER MV Name Subcontroller Description Units.
: COLUMN FEED1  HEATER  Feed Pass1Flow &0
TIENE, Mot zimiien FEED2  HEATER  Feed Pass2Flow £PD
FURN.COT HEATER  Fumace COT DEGF

TOPCIRCTP  Top Circulation Temperature
ETM_CIRC_FL  Bottoms Circulation Flow
M_CIRC_TP  Bottoms Circulation Temperature

JET_FLOW COLUMN Side Cut 01 (Jet Flow) BPD
LD_FLOW COLUMN Side Cut 02 (Light Diesel) BPD
HD_FLOW COLUMN Side Cut 04 (Heavy Diesel) BPD

. == Minimize MVs
== Minimize

MV Name  Subcontroller Description Units
OVH_TEMP COLUMN Ovhd Temperature DEG F

. Prioritize MVs

" Movement

Er—
T

== Minimum Movement MVs
MV Name  Subcontroller Deseription  Units

OVH_PRESS COLUMN Ovhd Pressure PSIG

7.Initialize Tuning No Prefe
No Preference
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DMC3 Smart Tune: Setup Wizard

Step by step wizard to

(W aspentech

setup optimizer

Effortlessly setup
controller tuning

Smart Tune Workflow This page allows you to specify the preferred economic direction for each MV. MVs must be set to one of the following choices: Maximize, Minimize, o
Minimum Movement or No Preference. For MVs set to No Preference the optimal direction will be determined by the desired CV constraints selected in a Help

‘;i-:‘ later step.

No Preference MVs

(i HEATER
2 Select CV COLUMN
Ranks TOP_CIRC_FL Top Circulation Flow
TOP_CIRC_TP  Top Circulation Temperature
=8 BTM_CIRC_FL  Bottoms Circulation Flow
=54

BTM_CIRC_TP  Bottoms Circulation Temperature

*

5. Select CV

Constraints

Set Priority for MVs

= Maximize Mvs

MV Name Subcontroller Description Units
FEED_1 HEATER Feed Pass 1 Flow BPD
FEED_2 HEATER Feed Pass 2 Flow BPD
FURN_COT HEATER Furnace COT DEGF

JET_FLOW COLUMN Side Cut 01 (Jet Flow) 8PD
LD_FLOW COLUMN Side Cut 02 (Light Diesel) BPD
HD_FLOW COLUMN Side Cut 04 (Heavy Diesel) BPD

== Minimize MVs

MV Name Subcontroller Description Units
OVH_TEMP COLUMN Ovhd Temperature DEG F

=ment MVs

© 2018 Aspen Technology, Inc. All rights reserved.

ler Description Units

Priority Input Description Units
— Ovhd Pressure PSIG
4  |={m OVH-PRESS Ovhd Pressure PSIG
3 {={= OVH-TEMP Ovhd Temperature DEGF
1 {4 JET-FLOW Side Cut 01 (Jet Flow) BPD
2 {4 LD-FLOW Side Cut 02 (Ligh Diesel) BPD - | [ | [ o
PR = 'HD_FLOW Side Cut 04 (Heavy Diesel) BPD
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DMC3 Smart Tune: Online Controller Strategy View

Legend === |

Easily simulate, troubleshoot and = 8 & 8 8 %% ®
modify controller strategy online d g £ & o o 3 F
Manipulated Grligilﬂa| NEIWI Lo | Hi Lo | Hi Lo | Hi Lo | Hi Lo | Hi Lo | Hi Lo | Hi Lo | Hi
Variables Priority  Priority
Visually see simulated scenarios HEATER 1 L =
c . = 2 2 1 1 1
and how variables will be effected b N L C | 1|a2a2/43|as
+ FEED_2 1 2 Blat et Ay 2YIaT a2 |2Y
4 FURN_COT 2 - . 1 ’
Gain: -0.0016 ]
. . . . = ow: 2 gp 1
Gain greater insight into controller oo IR E |
strategy online mome f B 2
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Smart Tune Difference
Objective Function

Aspen DMCplus Aspen DMC3
1 Feed Pass 1 1 Feed Pass 1 (Max)
1 Feed Pass 2 1 Feed Pass 2 (Max)
1 Furnace COT 2 Furnace COT (Max)
1 Jet Flow 3 Jet Flow (Max)
1 Light Diesel 4 Light Diesel (Max)
1 Heavy Diesel 4 Heavy Diesel (Max)
1 Overhead Temp 5 Overhead Temperature (Min)
1 Overhead Press 6 Overhead Press (Min Move)
1 Top Circ. Flow 4 Top Circ. Flow (No Preference)
1 Top Circ. Temp 4 Top Circ. Temp (No Preference)
1 Bottom Circ. Flow 7 Bottom Circ. Flow (No Preference)
1 Bottom Circ. Temp { Bottom Circ. Temp (No Preference)




Value of Aspen DMC3 Smart Tune
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Aspen DMC3 Builder Platform —Powerful, Modernized & Easy to Use

One powerful integrated platform used to build and deploy controllers, from start to finish

Modernized Interface

Ribbon based, workflow
oriented design

EE| |
Distributed Overlay Common

<) (=]

-
Zoom In Zoom Out PagelUp Page Down

)
Smart Slice

| Slices:

& N 4 [ Conver
Bad Interpolated Edit

rt case slices to dataset slices

Collinearity Analysis

Integrated and powerful
collinearity analysis & repair

Constrained Identification

Embed Process Knowledge on
models and cases

Visual Transform

Simple and powerful way of
defining transforms

Smart Slicing

Automatic bad data slicing
enables easier pre-processing
| of data
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What's new in aspenONE® APC V10




aspenONE APC V10 Features

Scaling Dynamics and Variable Dead-time

Smart Tune Includes CV Optimization

Aspen DMC3 Builder Enhancements

Models for Prediction Only

@aspentech © 2018 Aspen Technology, Inc. All rights reserved.
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Variable Deadtimes and Scalable Dynamics

Easily adjust model dynamics and deadtimes online in closed loop

Variable Dynamics & Deadtime Scaling

Avoid
switching
models
Accurate

models across
operating
range

PROCESS GAIN

RESPONSE TIME
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V10 Smart Tune Includes CV Based Optimization

DMCplus DMC3

DMC3
Smart Tune V8.8/V9 Smart Tune V10
Feed Pass 1 Feed Pass 1 (+)

Feed Pass 1 (+)
Feed Pass 2

Feed Pass 2 (+) Feed Pass 2 (+)

Furnace COT

Furnace COT (+) Furnace COT (+)

Naphtha 90% (+)

Ovhd Pressure

Jet Flow (+)

Light Diesel

Optimization
Heavy Diesel (+) 5 CVs and MVS .
based Optimization
Top Circ. Flow 5 Ovhd Temperature (-) Jet Flow (+)
Top Circ. Temp

6 Ovhd Pressure (-)

Light Diesel (+)

Heavy Diesel

Top Circ. Flow (+)

Heavy Diesel (+)
Bottoms Circ. Flow

Top Circ. Temp (-) 8 Ovhd Temperature (-)
Bottoms Circ. Temp

Bottoms Circ. Flow (+) 9 Oi?t{n?é:ﬁgn SpeCIfy Prlorlty and
Ovhd Temperature Bottoms Circ. Temp (-)

Optimization
direction

NP Pump Arounds

(W aspentech
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Aspen DMC3 Builder Enhancements

® LA TestDme3_01 - [DMC3] - DMC3 Builder - aspenONE - I:l-
Home Resource Search aspenONE Exchange b s @ =2
D? 2= E &= Import Model 3 Delete [ D =7 Edit Variables s I&* [ @ Auto Update || Highlight Cases | @lok | ®Zoomin  ZoomtoSubcontroller E
= jl,‘h'p:l'.' GL: {,YTransforms \'» /j 3@-Collinear'ty I—L!_SetTypical Moves == &5 Unlock =, Zoom Out ” ?
Import New Add Master | Constraints Frequency Summary Identify Predict Compare Rebuild _ = . _ Case
- Controller - ¢% Merge Model < Down || pogel Uncertainty All Al - Master & Edit™ £7] Update Workflow & Clear | [Z] Reset Zoom Report
| Controller Tree | Master Model Views | Master Model Actions | Medel Operations Curve Operations Settings |
Controllers ¢ CrudeUnit2 - Case Editor - | -
p @stdemoj
. Output
4 ®CrudeUn|t2 ole | le | >l |z ||
= m | < =
sz (slz|glalzs(gle|e|slaslals|8|S|a]ls|a|g]|a g sls|zZ|ls|z|2|a(E[E|aje|2|8(8
AHEBE N R HEHEE R I  EEHHE
L |E |’ L |d|d 18 | [ = = s|le 8|35 % 7] % zlzle|s|Ele|e|F
....... . . . . . ) . . .
: @,
) AC223: AGO 95% S T T —
(£ FV223: AGO Draw VP TCi03.5P _— _— —
(&) PD20x: Atm Twr DPs rciotse | 1 | T 1T 1T Es — ] F—
- — prevereereer
) Full Model - 5 . - () [ ] A
|| Fcaesse ] C ] S

4 [ Small Frac
(& Downstream

L =
EE Composite

1h] ontine

|| OHPROD

REFLUXS

PC8230P 2
||| Hv4290P 5
|l Tis2sPv 03
|l Fl-2008 0.02
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Aspen DMC3 Builder Enhancements
 Overall performance improvements = e =
» Graphic option to customize colors and fonts o Cotiee oy lanezone
- Custom Messages to Operators i
 Write calculations like this: e
array=[10,2,0.1,5,4] acpien WO o
if value=array[3]then = : K cpag
e S T [ e S

switch=1
else
aux1l=0
for 1=1 to array.length
aux=array[i]+auxl
auxl=aux
next

1f Feed TGT < 23000 then

SendMessag ( (cvName & " has dropped
below 2000 barrels"))
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Aspen DMC3 - Models for Prediction Only

S REEREER DC4-PredOnly - [DMC3] - Aspen DMC3 Builder - aspenONE

Home Resource

X
|Search aspenONE Exchange |E 2] '@ &=

e I & Import Model 3¢ Delete | 3 Copy A =7 Edit Variables } &‘ & @ 5 /8% Model Parameters |I Sy Lock @ &
== & Import Case 4 Up T Paste :E»Y Transforms \’ / e 4] Update Warkfiow == =] Unlock
Impert MNew Constraints  Summary Identify Predict Cempare ‘ Rebuild  Cellinearity

Add Add/Edit Settings -
= | Controller - ¢ Merge & Down Al Al Master 7 it {2 Clear . ‘

Controller Tree Clipbeard Master Model Views Master Model Actions Model Op lc Gains Curve Operations

Controllers < DC4 - Case Editor

4 @Dcd Input:| Output:|
4 | @ Master Madel
4 [ Cases Folder Output

l{! Typical Moves
li: Coefficients
Q’ Resample

Zoom OQut

& Model Ind: REBETU - Dep: CONDDP - In...  — O X
Aspen APC RTE: DEMOCOL12

£ All Variables Input ML HosaLEY %mcuotr:::idﬁ Ind:REBCBZ;)r:JJD_D[I!?E:S?G?NDDP S p e C I fy M O d e |S
@ Configuration . . -
9 S | " | | ncneomnes | for Prediction
: : . ra——
and not Control

e FIC0001.SP

0% Edit Curve Overrides - DC4 X

Cluytput

REBBTL [KETUM|

AlDDDT.PY TIO001.PY AlDOD2.PY POIO0OT.PY PICOOO1.OP

Input

0.0111651

= ~ Iy

FICOD01.5P Prediction Only Prediction Onlg ) Prediction Only Dlways Use Prediction Only .012
* Help Conv i
FICODD2.5P Alwiays D3e iiay's Lse Blvays Use Always Use Description Value AVO|d red un dant

PICODD1.SP Ly e Dlvays Use Typical Move 200,000

Gain Multiplier: CONDDP 000
TICOD01.5P Dlnrays se Slnays se Dlnrays se Curve Override Switch: CONDDP Fe e d F 0] I’WB.I’d
Time Constant Multiplier: CONDDP 1.000
Variable Deadtime: CONDDP I n d e p e n d e n tS

0.000
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