Life Cycle
Simulation
using
Bayesian
Calculation

by Ferdinand Heru Utomo




Project Description

Initiatiatethe Life Cycle ssmulation using the
Bayesian Calculation

« Building Bayesian network model for a
chemical process

 Modeling a database for the process

o |mplement the smulation application

« Building a user interface for the application

« Add knowledge-rules for the decision advices




Areaof Application

Hybrid Distillation and

Vapor Permeation Process

o Separation Process
e At alaboratory scale

* Pilot at Laboratory of Process
Equipment, Delft University of
Technology
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The Process Life Cycle

ASPEN

o -

1. Process Design (using ASPEN)

ERP,
Honeywell

2. Process Monitoring (using Honeywell, ERP, etc)

3. Costs, Maintenance and Effectiveness (using SAP)



Project Description

Initiatiatethe Life Cycle ssimulation using the
Bayesian Calculation

e Building Bayesian network model for a
chemical process

 Modeling a database for the process
 Implement the smulation application

« Building a user interface for the application

* Add knowledge-rulesfor the decision advices




Modeling Uncertainty

* Fuzzy Logic
o Statistical Probabilities (Bayesian
Technique)



Why not Fuzzy Logic?

* Misunderstood the term ‘uncertain
reasoning

* No further facts examination

* Not wholy consistent
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Bayesian Technique

In contrast.......

* Represents Conditional independence
iInformation naturally

* Represents|joint probability distribution
« Useawell-known statistical formula, based

on the formu
P(E

a
H) = P(H,E)/P(H)
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The Bayes Rule

() (1)
P(H | E).P(H)
P(E)

Finding the probability of the evidence based on the
facts on the hypothesis when the conditional
probabilities between the hypothesis en evidence is
Known.

P(E|H) =
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Project Description

Initiatiatethe Life Cycle ssimulation using the
Bayesian Calculation

« Modeling a database for the process
 Implement the smulation application

« Building a user interface for the application

* Add knowledge-rulesfor the decision advices
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Simulation Application
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Coversion Example
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| Yapor Frac
| Liquid Frac
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' Di=play
| Format:
| Substream: MIXED

| Mole Flow  KMOLIHR
| IFA

wWaTER

| Male Frac
| IPA

wWATER

| Mass Flow EGHRE
| IF&

WATER

iM-aSS Frac
| IFA

wWaTER

| Total Flow KMOLHR
_Tn:-tal Flow KGIHR

{HF;
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datafrom ASPEN
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Simula Database

Integration
Standardization
Uniformity

Selected technique: Object-
Oriented modéel
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Project Description

Initiatiatethe Life Cycle ssimulation using the
Bayesian Calculation

 Implement the ssimulation application
« Building a user interface for the application
* Add knowledge-rulesfor the decision advices
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SmileX

« ActiveX component implementing
Bayesian network

« Work with application GeNle
e Basic Bayesian network operations
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Enhanching SmileX (1)

\ W //+
- —

I

 Restructuring the network into object
classes

e Adding aconversion function
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Enhanching SmileX(2)

Adding a conversion function
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Applying
The Bayesian Network Model

Design steps.
e Understanding the process principles
e Finding the variables
» Constructing the network

 Validate the model
* Finetuning



Distillation Process

Reboller:

e degrades® bottom temperature lower

* |ower temperature ® |less vapor

e |essvapor ® lower vapor flowrate
Condenser:

e degrades® more vapor exiting the process
e morevapor ® less reflux

e |essreflux ® less/more purity
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Vapor Permeation

Membrane Unit:
e Low permeate pressure ® high quality
 Low distillate flowrate ® high quality
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Bayesian Network Variables

| nputs:

Bottom Temperature

Bottom Water
Concentration

Distillate Flowrate

Retentate
Concentration

Permeate Pressure

Outputs.

Reboiler Degradation

Condenser
Degradation

Membrane
Degradation

Performance



B attonm
T emperature
Lowwer

B attarn W ater
Caoncentration

Rebailer Failure

Perfarmance

Digtilate Flow B ate

kMembrane

Degradation

: Caoncentration
P& Retentate

Permeate
Fressure

Condengar_Deagr
adation




Project Description

Initiatiatethe Life Cycle ssimulation using the
Bayesian Calculation

e Building auser interfacefor the application
* Add knowledge-rulesfor the decision advices
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Simulation User Interface (1)

Main window

Boftam Temperature Lower

e e e e = e et o e e |

& Failure

Temperature
‘ FlowR ate
' Concentration W ater
,‘ tdermbrane_Degradation
,‘ Condenzor_D egradation
@ Pemeate_Pressure
‘ Concentrationl P4

] ' Performance
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Simulation User Interface (2)

Data tabs

| 083 0mem. dat -]

Field=_1 Fields 2 Fields_3 Field=_ 4 Fieldz &5 Fields

Steam Temp|Baottom Templ Top Temp |Retent Temp Top Presz | Reter
1 11E.42 100,73 2751 21.83 0.97 -0.08
2 11E6.42 100,77 a7 65 21.83 0.97 -0.06
3 11E1E 100.53 2751 21.74 0.97 -0.05
4 1166 100.59 8737 21.6 0.96 -0.14
5 116.52 100.91 37.33 21.74 0.97 -0.07
B 11E6.52 1011 a7r.2a 21.74 0.97 -0.05
11_1 11E.E 101.15 a7r.33 22.11 0.93 -0.04

Data Sheet I Szpen Sheet | SAP Sheet ] Analysiz ]




Simulation User I nterface

Anaysis Results
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F ailure Failure F ailure Temperature| Temperature| Temperature| FlowRate  |FlowFate  |FlowRate | Concentratio E-ﬂ
0k Fail Contaminate| OF “ermlow Lower QK Lo High Good F:
80.03322 (80.03322 [B0.09322 5582953 |55823953 |5582953
037 045 0.2g 03a 034 1 1] 053
018 037 045 0:2a 03a 034 1] 1 1] 053
n1s 037 045 0.2a 03a 034 1] 1 1] 053
018 037 045 0:z2a 03a 034 1] 1 1] 053
(R 037 0.45 0.2a 0.3a 034 1] 1 1] 0.53
018 037 045 0z2a 03s 034 1] 1 1] 053
018 037 045 n.2a 0.3a 034 1] 1 1] 053
018 037 045 0z2a 03a 034 1] 1 1] 0.53
018 037 045 0.2a 0.3a 034 1] 1 1] 0.53
< |

gl o o] o] o] = o] o] o] o
1

SVERAGES

Failure: Ok.=46.63%

Failure: Fail=17.03%

Failure: Contaminated=36.34%
Temperature; OK=75.94%
Temperature: WerylLows=12 7%
Temperature; Lower=11.36%

FlowR ate: Qk=0%

FlowR ate: Low=100%

FlowF ate: High=0%
Concentration_W ater: Good=83 63%
Concentration_w/ ater: Fair=3.67%
Concentration W ater: Poor=12.7%
Membrane_Degradation: OK=98%
Membrane_[Cegradation: Degradated=2%
Condenzor_Degradation; 0k=98.33%
Condenzor_Degradation; Degradated=1.17%
Permeate Pressure; 0K=99.73%
Permeate_Prezsure: Higher=0 27
ConcentrationPd: Good=97.96%
ConcentrationlP&: Fair=1.012%
ConcentrationlPA: Poor=1.03%
Performance; Good=74.97%

Data Sheet J Azpen Sheet | SAP Sheet  Analyzic




Simulation User Interface (4)

m There are a few pieces equipment that need maintenance job or
& replacement.
E quipment Degrad. [%] Maintenance [$] |Replacement [$] |Action
= 120 el
ME M 2 500 1200 0,

HEDZ 1 a0 200 O,




Project Description

Initiatiatethe Life Cycle ssimulation using the
Bayesian Calculation

e Add knowledge-rulesfor the decision advices
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Simulation Testing

Assumptions:

 All ingood condition
o Stable state

e Quality asreported

* No process control
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Prob(OK)

60.00

40.00

20.00

Equipment Degradation

Data Set

O Reboiler
B Membrane Unit
] Condenser




Reboiler Degrades?

Number of Records

e Agantsthe
assumption
e Analysing the data
file:
— very large record file

— may Includes start-up
and shut-down data

Data File

1830mem

1700mem

1630mem

1545mem

1530mem

1445mem

1210mem

1130mem

0830mem

e

10000 20000

number of records

30000

38



Conclusions

* |t was possible to apply Bayesan
techniques to the Life Cycle smulation

e Thetested model lacks of accuracy because
of l[imited measurement

 Although measurements are few,
prelimenary result seems to be meaningfull
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Further Research

How to increase the accuracy for larger
Processes

Supporting the Bayesian network with
statistical correlation analysis (instead of
expert review)

Simulation based on online process data

More compatible with commercial software
pakages
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