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“Engincering has an klea for a new prodict.
Send a new product release to the
publications. M people show intcrest, we't
Breclet in.”

Advanced
at or close to the state of the art, enhanced,
something that has moved forward in time or
space In a late stage of development;
greatly developed beyond an initial stage

www.wikipedia.org



10 Steps of Process Development at Dow Chemical

1. Produce a product without blowing the plant up. (at the beginnings)
2. Produce a product effectively and efficiently. (70’s)

3. Produce a product optimizing multiple variables. (80’s-2)
run the plant with less maintenance, higher yield, less energy,
quality at least as good or better than was produced before
(trial and error approach) ....

6. Optimization of the plant with
continuous technical supervision

Control will be based not only upon the expertise of the operators,
but upon the knowledge of all the people who have worked
on the development of the chemistry and the process design.

Use the model (process simulator) to test out operating scenarios
- higher rates, different feedstocks, modified operating conditions —
before they are tried on the actual plant.

The model could also be used for operator training and
to test start-ups and shutdowns.
Moreover, the model would run in real time, parallel to the plant,
for model-predictive control.

Source: Irving G. Snyder Jr., Director of process technology development, Dow Chemical, 1994



Advanced?
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Industrial use of APC methods
e

Model predictive control
Constraint control
Split-range
LP
Nonlinear control
Dead-time compensation
SPC
Neural networks
Exper systems
Fuzzy logic

Internal model

Adaptive /selftuning
Direct synthesis (DS)
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Journal of Process Control, 18 (2008), 38 APC users and 28 APC suppliers (worldwide)



APC in the ISA-95 model
e

5. Develop business resource and cash management plan, financials.

Business management
Product management, long-term data management, pay roll, human resources.

Level 5 asset management,
product management Time frame: years, quarters, months, weeks
A
v
Busmess_plfsmnlng 4. Establishing the basic plant schedule
& logistics — production, material use, delivery and shipping. Determinig inventory levels
Level 4

Plant production planning
& scheduling,
production management

Time frame: months, weeks, days

A

Manufacturing operations 3. Work flow / recipe control to produce the desired product.
management Maintaining records and optimizing the production process.

Level 3 ] 3 ] ; .
Dispatching production, production Time frame: days, shifts, hours, minutes, seconds

orders, detailed scheduling, reliability &
availability assurance

Procedure & Control 2. Monitoring, supervisory and automated control of the production process

Level 2 execution
Automated Control / Monitoring

Time frame: minutes, seconds milliseconds, microsec

Sensing & Manipulating 1. Sensing and Manipulationg the production process
»Touch and feel of the process” Time frame: minutes, seconds milliseconds, microsec

I T T

Level O Production execution 0. Heating, cooling, separation, conversion etc
The actual production process ’ 9 9. sep ’ :

Level 1



Expected costs v/s benefits
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Source: Yokogawa APC white paper, 2001

Potential from computer applications %



“No amount of advanced control which relies
on the use of poor field instrumentation
can be expected to yield worthwhile benefit.

Thinking of control as a hierarchy,
everything must work well at the lower levels
for the higher levels above to work".

M. J. Oglesby
ICI Engineering Technology



4™ generation MPC

3@ generation MPC

29 generation MPC

RMPCT (Honeywell) and DMC-plus (Aspen)
Multiple optimization levels to address prioritized
Steady-state target optimization (QP)

Robust control

Advanced identification (PE, sub-space)

A\ v

Several level of constraints (hard, soft, ranked)
Recover from infeasible solution
Change in the structure

A\ __,/'

QDMC
(quadratic programming to handle input-output
constraints)

What to do with infeasible solutionse

A\ __,/'

IDCOM (1976)
DMC — Shell Oil (no constraints, simple optimization)




Main profit contributors (%)

Throughput increase

Process staility improvement

Energy consuption red.

Increased yield of valuable prod.

Quality giveaways red.
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Journal of Process Control, 18 (2008), 38 APC users and 28 APC suppliers (worldwide)
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UNLIMITED DYNAMISM

,ZAnyone can reach a given setpoint or value
by controlling the parameters in a technology,
but to keep it continously near those setpoints
while production goes in a reproducible way,

that is a challenge.”

A. Kiss, senior plant engineer, TVK Plc. (20077?)



The reason and an idea ...
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Questions ...

How to calculate the variances?

How to decrease the variances?

= Better model - better controller?
» What is a good model? What to model?
» What kind of algorithm is ,,good” for a model?
» What are the optimal controller settings?

Where are the constraints?
Are we sure that the constraints are ,,there”?

What is the desired probability
(and cost) of constraint violation?

Is the economic optimum at the constraints?

| am sure you also have several ...



Information requirement -
integrated usage of historical process data and models

Plan vs. Actual

Business

Business Results

Planning

Yield Accounting; Schedule Adherence

Well Allocations; Scheduling
Batch Tracking

Production

Operating Envelope

Operations ) - i :
Operations Monitoring Operating Instructions

Operator Efficiency

Procedures :
Procedure Analysis

Common Data & Visualisation

Process Control

Reviews, Reports Execution Decisions

days ahead ronths ahead




APC ,,workflow”

Decision Makers

|=——————————— S |..f"x| i -
|
|
: I Process
|

|
! |
| Parameter rocess !
Data | Estimation ! Process Optimisation | Actions
I & Data ‘{<“: Model :> & Transition |
| Reconciliation |  Management
' L] '
e I 7 emmemmm———— ————
R e : 1
I Process l
x Raw Data | Control |
L o e e e e e e oo "

Process Svstems



A key component in fulfilling all of Dow’s goals is
to the reuse of engineering data across the plant life cycle.

This involves creating an integrated, data-centric environment that
enables the exchange of engineering information throughout the life cycle.

Accumulated knowledge

Research department Design Technology Production S
development management
A
Scheduling
MPC — |
On-line ! !
optimization E E
Advanced E | ERP
control ! | ! systems
algorithms E :
Control i ! Economic
structure : ! optimization
Process i : | i Planning -
Pilot | | i | PIMS
plant ! i ! Operator
Reaction Reaction ! i training
2A+B->C  kinetics | I E
| Time
Conceptual Plant Control Procedure Operator :
. . . . " Production
design design implementation development training

Source: Bob Donaho

l Process development

1




Summary — Motivtion
L [

Proven to be profitable and reliable.
However, process models typically are developed

uniquely without making use of already available process models.

Many achievements of academic research

do not yet reach the industrial end-user,

sometimes due to necessary refinements of the methods,

but mostly due to the lack of affordable software implementations
that are in line with the already company wide applied tools.

The economic break-even point is still relatively high,
tailor-made approaches for smaller processes

(e.g. batch/multipurpose units)

are urgently needed to promote the technology more widely.

Data
Reconciliation

Soft Sensor

—

Flowsheeting Steady State Online
Tools esign Mode Optimisation
\_J
> Planning > Operation >

Source: Jens Bausa, Guido Dunnebierb, BASF AG, Bayer Technology Services, 2006
Life Cycle Modelling in the chemical industries: Is there any reuse of models in automation and Control?



Delta V and BatchSim (OTS)

Delta V:

« Recipe management

e Control
e HMI,

e /O to BatchSim (OTS) by OPC

recipe,

parameters

BatchSim (OTS):
* Process structure, parameters,
* Reactions,
o HMI for parametrization,

e |/O to Delta VvV

—>

BatchSim

———>

u (t) |

OPC

l y()

—>

DeltaV - OTS

»

BatchSim v3.0 (for Chinoin)



Case study ...
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Data warehouse is a subject-oriented,

integrated collection of historical process dataq,
which can provide appropriate basis for

tracing the product and monitoring the production.

PHD 2%

(Honeywell) —>

EXCEL Technol

[ME) echnology

Polymerization, granulation units and quality
control laboratory

‘m‘l Honeywell DCS, PHD module — 15 sec
DataWarehouse Lab qUCIIiﬁCGﬁOh — 2 hours

~2 years of operation, 2.5 GB
¢ Data warehouse

MySQL SQL-server,

MSAccess, EXCEL
ACESS (user interface)
(MS)

Simdink MATLAB - Database Toolbox, in-house (models,
engineering cal.)

Process Simulator
MATLAB Simulink (dynamic models)




Process Monitoring based

on Multivariate Statistical Analysis

U-matrix

Problem: o | c 1 s 1 1
How to simultaneously monitor "' :

10 - 100 process variables? : . 1

Solution: 0 0 ,,.l o 0

C6in

Reduce the dimensionality of the correlated s ar
process data by projecting them down onto **

1

a lower dimensional latent variable space

SEN

Principal Component Analysis (PCA) can - B e

and/or Self-organizing Maps (SOM). .* - - | ‘
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In-house (data-centric) APC

PLANT (PROCESS) Graphical User Interface
Operator
SP
I:)Vszé\m. \
Advanced Process | >
Control System SP ®
model D g
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SP o
Data Mining Tools g =
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Implemented APC

Reactants
Production rate

Heat transfer coeff.
Output streams
Outlet concentrations
Productivity
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Product Quality Estimation

U-matrix Melt index H2 conc(RZOl)

Semi-mechanistic models:

Neural networks or SOM models describe the ‘
unknown phenomena of the system that cannot be " "
formulated by prior knowledge based differential

e q u a tl O n S . H2 conc(R202) H2 inlet(R201) H2 inlet(R202)
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just for demonstration ...

Time horizons, delays

First principle and
semi-mechanistic models

Quality estimation

The reactor's parameters (DCS) |
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Future ... Experiment design ...

Condition of experiments

Measurement Model structure,
: : - Param.
. —> Measuring Creating an invers [—>
Experiment »| Experiment | equipments roblem, solution
design P > Sl o P , |
—> —
yYy
| H t L 4 Initial states.,
1 : Operating
| Input param. Calculated outputs, states : regimes
| > :
I Initial conditions And measurements <
| L
| g
I L
| g
A | i S S S R
1 Iterative model tuning 11
1 11
| 1
: Initial knowledge and _: :
| Intuition Extended knowledge 1
| 1
| 1
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = — — J

Iterative experiment development

Experiments and design of experiment connect the modeling/simulation and measurements!!!
Source: Marquard, ESCAPE, 2008



Future ....
A good methodology should be based on the requitements of the

EN ISO 9001:2008 — Quality Management Systems European Standard
I

Continual Improvement of
the Quality Management System
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Conclusions

e definitions of APC

e benefits of APC

— showed a worldwide survey

— What do you think about to
make one in Central-Europe?

— What do you think about to organize
the best APS of the year ,competition™?

— proposed a technigue for economic-oriented
(probabilistic) APC tuning

— It would be good to test it ...

 showed some results ...
how we do research with industry



=2 ... and that, in simple terms, this is my idea on APS.
... any questions?
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