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University of Zagreb (1669-) >60.000 students
the oldest and biggest university in South-Eastern Europe.
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Faculty of Chemlcal Englneermg & Technology Zagreb

Franjo Hanaman (1878-1941)
professor of inorganic chemistry
Inventor of tungsten filament in light bulb

Viadimir Prelog (1906-1998)
professor of organic chemistry
1975 Nobel Prize winner
Lavoslav Ruzi¢ka (1887-1976)
professor of organic chemistry
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Challenges in industry, science and education

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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* Process control equipment,
the-state-of the-art industrial
control system and Pl software

 Intended for student education

In process measurement and
control

« Support for industrial stuff

training, operator training and
life-long education

« Basic and advanced process
control methods

* Monitoring, diagnostics and
predictive maintenance
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LAM

bl LABORATORY FOR AUTOMATION & MEASUREMENT

Laboratory set-up
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Laboratory set-up

A@MBUHATDH\’ FOR AUTOMATION & MEASUREMENT
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Batch reactor

Tubular heat exchanger Batch distillation process
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Process control - Basic and advanced concepts

 Feedback & feedforward

control strategy ?

e Cascade control

« Split control &y :
» QOverride control I

R |
2 JLAM

LABORATORY FOR ALTOMATION & MEASURENENT

Gain scheduling

l industrial
, control problems
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Process control — Advanced topics, monitoring & diagnostics

HE control R N
2 JLAM
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Parallel / Concurrent flow
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Dead time compensation

Model-based control

* Feedforward control
_ monitoring & diagnostics

IC concepts to
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LABORATORY FOR AUTOMATION & MEASUREMENTS

Control system & software support {@L/\\M
_,%4 : ]

. Supported by the latest generation SIMATIC PCS7 system
Enables continuous experimentation and later data analysis

\DA Win CC system emulating real control room environment
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SCADA system & simulation

"_v 1282017 3 39.22 P B
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 Operator interface

 Simulation package Siemens SIMIT
 Virtual controller
'+ Walk-inside 3D plant visualisation

0 * Virtual commissioning for industry
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Pl Vision display in the laboratory

Pl Vision © Newpispay | [ | ~

@ Assets Lab HE « Ad Hoc Di

h@E@ﬂ'ﬂmE’@:

ﬂﬂ\ Search in Lab HE m

< Home
Lab HE

GIECEEEEE T ——

C-30 Tubular Heat Exchanger

______________________

14.4.2018. 0:00:00 14.4 2018. 0:20:00

Flow rates of heated and heating stream

Attributes

Lab HE
=] Fcati

=] FCq1i_count
ElFcqzicount | [ e ——
= TCq20

TCq2o0_count
= TTqli
= TTq10

! !
14.4.2018. 0:00:00 14.4.2018. 0:20:00
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Pl system components at FKIT

Pl Interfaces
&
Pl Connectors
(Pl UFL)

BENNEEGSR
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Event Frames
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Asset Analytics

L

Asset Framework

Data
Archive

Pl Server

Cloud Services
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Visualization E
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Pl Cloud
Connect

Pl Vision

Pl DataLink

Pl Manual Logger
Pl ProcessBook
Pl WebParts
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Heat exchanger monitoring in hydrocracker plant
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w LABORATORY FOR AUTOMATION & MEASUREMENTS
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Heat exchanger performance monitoring
at INA/MOL Refinery Rijeka Croatia

T
— -

Fouling factor

l‘ Data-driven models for on-line | Continuous monitoring of heat |

Predictive maintenance for
improving heat transfer efficiency

and reducing operating costs:

monitoring of heat transfer
efficiency by monitoring of:

« Heat exchanger duty, heat
coefficient, fouling coefficient

» Calculations in Pl Asset Analytics

» Fouling impacts on thermal and
mechanical performance of heat

exchangers

» Operation stability, change of
operating conditions.

é Y 0Sisoft.
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« Continuous monitoring in Pl Vision.

exchanger performance and
fouling formation:

» Enables preventive
maintenance programme

» More stable plant operation and
significant operating savings
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Hydrocracker plant — Heat exchanger
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Creating heat exchanger asset in Pl System Explorer

@ \\PI-SERVER\HE - PI System Explorer (Administrator) I ;I!l!l
File Search View Go Tools Help

@atabase [FQuerybate + O @& |DBack ) |H, checkin ) « [2]Refresh | (J NewElement + =] New Attribute [ P~

Elements Heat Exchanger E-007

"General | Chid Elements  Attrbutes |ports | Analyses | Notification Rules | Version |
Groupby: ¥ cCategory I” Template
(£}, Element Searches L~ | Name: ufc
|#t/86 2 name  Value @ | [pescipton:  [Heat transfer coefficent for foule
1 1 B (2 Category: Cakaulations Properties: [<None> =]
] delT1 29,7047 delta °C Categories: [calcuiations €|
— DefaultuoM:  [watt ter Kelvin v |
Rf — - ] delT2 65,35562 delta °C UoM: att per square me vin ¥
[ | [ Value Type: I i vI
(=] defTshell  |99,10873 delta °C il

Utouled  Uclean [ 7% il e RERE

(& He 9883,981W Archive | Sampled | Plt | Summry | Data Pe | | — — v|
‘ ! ; = Settings...
El Hh 21746,32kW RS jois rerTE——— m:s
' =A;B=cp;C=F;D=flow ra
=1 Rf 0,000127066582 Start Time: 14.4.2018. 00:00:00 %) »| EndTime: |5.2ma. 23:30:41 E' »I al =v| a};—)‘rmofg-m;H-Tho;I-Tco;[D’B‘(GH)/(A'c‘(G-l)-
. -~
m- Cp - (TH i~ TH 0 model) E] Teo_pred 192,249 °C Retrieval Type: [Time Range | Boundary Type: [1nside | o
r r + +
Uclean = ] Teo_residual | 5,515305 delta °C Filter: | I™ show Fitered
T Y — T — — . =] Tho_pred | 149,2918 °C _lm‘
A-F ( H,i C,o model) (TH,O model TC,]) ™. =
. . T T | <1 Uee 2357,863 W/(m) Data B
: — 5 i1814. ; 0| 2| B 8| TmeStamp | Value 2 7/
e 11814,201W i
1 H,in C,0 model } [ umwex v
n y: Process Variables
T — T . 14.4.2018. 0:01:00 | 2460,48583984375 W/(m2K)
H,O model C:l & flowrate 1 |47,36488 kols 14.4.2018. 0:02:00 | 2460,34057617188 W/(m2) ’
- & fowrate 2 |0,6528734kafs 14.4,2018. 0:03:00 | 2460, 19677734375 W/(m2€)
& Td 87,6247 °C 14.4.2018. 0:04:00 | 2460,05444335938 W/(m2€)
i ez 14.4.2018. 0:05:00 | 2459,9140625 W/(m2K)

14.4.2018. 0:06:00 | 2459,77514648438 W/(m2K)

. & Thi 216,4387 °C
[l L] o  — | | .07
m Cp (] H,l ] T,O) 14.4.2018. 0:07:00 | 2459,63818359375 W/(m2K)

& Tho 3% ’C 14.4.2018. 0:08:00 | 2459,50341796875 W/(m2K)

/ B (2] Category: Properties 14,4.2018. 0:09:00 | 2459,37036132813 W/(m2K)
(TH;I _ TC,D) - (TH,D — TC,I) Ea 389m2 v

_ 4 » Eleo :7025 kg K) ©2161,73

A-F

Trend (2]
4 ElF 1

— T r'd =] Hydrocrac... |nfa

TH,o C,1i

In

i Event Frames 14.4.2018.[19.4.2018. 4:00: 10.5.2018. 23:30:00
1] Library 38851 results retured in 1,405076 seconds.
e Unit of Measure
Close
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7/ ,
Heat exchanger dashboard in Pl Vision

O Pl Vision © NewDisplay | ||
@ Assets HE-007_ver1

'06 M B B

[y,

@ Benzenin LR
@ Heat Exchanger E-007 Heat Exchanger E-007

Attributes

Heat Exchanger E-007
Calchahions Outlet cold stream temperature (real vs predicted) Heat-transfer-coefficient (clean vs fouled)

216,44

=] delT1 [ N R —jg
=] delT2 | A b o AN |-2.400)

i " [ ; t2ao0 0 &AWL 3
[=] delTshell i ALY

2200

W
!

delTtube I 2100
=] He F1.000
= Hh 124 [1.800

183 L L L ' L1700 L L "
= Rf 10.4.2018. 10:39:10 16.6.2018. 10:39:10 10.4.2018. 10:38:19 16.8.2018. 10:38:19

I-2.000

T d i
co_pre Foullng factor

Outlet cold stream temperature (real - predicted) 000018

0.00015

[=] Tco_residual

[=] Tho_pred 0,000125

[=] Ucc -0.0001
75605

=] Ufc i

= 5£.05

Process Variables iz 25605

[=] flow rate 1 I [

I--2.56-05

[=] flow rate 2
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Soft sensor for the prediction of benzene content In
light reformate
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Soft sensor in fractionation reformate plant at
INA/MOL Refinery Rijeka Croatia

On-line analyzes often Substitute on-line analyzers with
unavailable (failure, service), soft sensors by embedding the
laboratory analyses infrequent. data driven model.
« Emission and technological * Model implemenetation through
standards become more stringent. the Analyses within Pl Asset
Framework

* Benzene content in reformate
needs to be strictly maintained. » Soft sensors continous
prediction in Pl Vision.

OSlsoft.

3 PI\World sarceona 2018
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Continuous prediction of
benzene content in real time.

Possibility to implement
inferential control.

« The model matching experimental
data trends.

« Consistency of reformate quality.

« Optimal control performance and
fast response to the disturbances.

#PIWorld ©2018 OSlsoft, LLC 21




BSs

C-1

i
V-1 I

A

REFORMATE

Canalyzep

L]

LIGHT

@

PI VVOI’|d BARCELONA 2018

[ Data collection ]

v

v

Setting the GA
objective function

Soft sensor development — Fractionation reformate plant

|

N

variables

v

Removing
outliers

Y

[Data filtering]

v

[ Selection of input }

MODEL DEVELOPMENT

Generating additional
output data

—— DATA PREPROCCESING

Y
{Setting the GA}

parameters

selection

v !
Model
{development }

FIR, OE

{ Model order 1
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[Detrending data]

v
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[Model validation}

Y

Model
implementation
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Soft sensor dashboard in Pl Vision

Fracionation Reformate Plant - C-1 Column

Comparison of real and predicted benzene content

‘>
18

+16

02
14.4.2018. 0.00:00 4.5.2018. 0:00:00

Model residual (real minus predicted benzen content)

Valve v Units Trend ¥

Benzen in LRITC003 C1 column temperature 124 86 s

Benzen in LRIFC002 pumparound flowrate 44 317 a 1

14.4 2018. 0:00:00 4.52018. 0:00:00
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Plans for the near future v o=AM
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* Pl integration with Matlab and R for on-line model
retraining

« Connection to the refinery system using Pl to Pl
~Interface or Pl Cloud Connect

“urther Implementation of Pl templates for soft sensors
1 refinery equipment diagnostics

dent projects and the laboratory upgrade

! OSlsoft. -
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Contact information

» Zeljka Ujevi¢ Andrijié, PhD, Senior assistant
University of Zagreb, Faculty of Chemical
Engineering and Technology,
zujevic@fkit.hr

* Nenad Bolf, PhD, Professor
University of Zagreb, Faculty of Chemical

Engineering and Technology,
bolf@fkit.hr

 Laboratory for Automation and Measurements
http:// lam.fkit.hr
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Questions?

Please walit for

the microphone &

State your
name & company

§ ™) 0SIsoft.
Pl\World sarceLona 2018

Please rate this session
In the mobile app!

Search =
“OSlsoft” In

your app store &

OSlsoft
PIWorld

# Download on the
S App Store

B éoééle Play
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Pl ICU and UFL Designer — Creating configuration files

1¢u PI Interface Configuration Utility - PI_UFL2

Interface Tools Help
NESX|(H(»eaaRR (A
Interface: |PI_UFL2 (PI_UFL2) -> PI-SERVER
Description: I

Versions: IPI_UFL.ene version 3.5.28.92

Generdl ~ Pl Universal File Loader Intefface-S

UFL

Service Configuration File:

e [D:\PI Dsisoft\ZELIKA\Dnline C
[~ Send datato Pl Archive |5
|~ Laboratory Snapshots
|~ Read Before Ovenwrite
[~ Use UTC Timestamps
I~ lgnore Missing Tags

[Ackiiond Parameters
| Ready [Running
OSlsoft.

Pl\World sarceLona 2018

1 General | Variables |3 Message... |4 DataExtr... | Actions |

=

E] INTERFACE

PLUG-IN

E PLUG-IN

Input File Mask

Input File Sort
Success File Extension
Rename Before Processing
Error File Extension
Purge Time

Prepend File Name
Prepend File Info
Fixed Line Size
Processed File Path
Line-end character(s)

E SETTING

Debug Level

Max LogFiles

Max LogSize
Messages in Errors
Qutput Filename
Locale

AsdiiFiles.dll

D:\PI Osisoft\ZELJKA\Online COURSE
N

oK

BAD

1d

False

False

13,10

0

10

20

C:\Program Files\PIPC\Interfaces\PI_UFL\L«
C:\Program Files\PIPC\Interfaces\PI_UFL\L«
en-us

3

/ASCII ] v X || IniFile
INTERFACE

ml 14.6.18. 0:00 47.73225736« ,ELUG_m=Asd?Hes_d.

ml 14.6.18. 0:01 47.73053475«

ml 14.6.18. 0:02 47.72884034« ||[PLUG-IN]

ml 14.6.18. 0:03 47.72717559« ||IFM=D:\PI Osisoft\ZELKA\Online COURSE & HE Data\INI_files\PROBA3\ini_test. tx

ml 14.6.18. 0:04 47.72554197« [[IFS=N

m1 14.6.18. 0:05 47.72394091« |[REN=_OK

ml  14.6.18. 0:06 47.72237384« |[SRBD

ml 14.6.18. 0:07 47.72084214« ||ornoraise

ml 14.6.18. 0:08 47.71934714« ||pFI=False

ml 14.6.18. 0:09 47.71789014« ||NEWLINE=13,10
[SETTING]
DEB=
MAXLOG=10
MAXLOGSIZE=20

MSGINERROR =C: \Program Files\PIPC\Interfaces\PI_UFL\Logs\err.log
OUTPUT =C: \Program Files\PIPC\Interfaces\PI_UFL\Logs\out.log
LOCALE=en-us

[FIELD]
FIELD(1).NAME="Tagname"
FIELD(1). TYPE="String"
FIELD(2).NAME="Timestamp"
FIELD(2).TYPE="DateTime"
FIELD(2).FORMAT="d.M.yy. h:mm"
FIELD(3).NAME="Value”™
FIELD(3).TYPE="Number"

[MSG]
MSG(1).NAME="Data"
MSG(1).EPC="Float32"

[Data]
Data.FILTER=C1=="*"
Tagname=["()  * 3
Timestamp=["* (%) 3
Value=["* . ™1
StoreInPI(Tagname, ,Timestamp,Value, , )
#PIWorld ©2018 OSlsoft, LLC



Bl = 0.0001745* PrevVal ('TCO0O1l', '"*-50m') -

0.002517* PrevVal ('TC001l', '*-55m') -
0.0007828% Prevval ('TCO0L', '¥=60m') + n Pl System Explorer for FIR soft sensor

0.002649* Prevval ('TC001', '*-65m') +

0.005372* PrevVal ('TC001', '* -70m') -

0.001842* PrevVal ('TC001l', '*-75m') -

0.01119* Prevval ('TC001', '*-80m') Analyses | Notification Rules | Version |

B2 = 0.002248* Prevval ('TCO18',*-45m) + hlame: | benzen pred

0.02477* Prevval ('TC018',*-50m) - 0.008204+* ling| Description: |

Prevval ('TCO18',*-55m) - 0.008963* Prevval ‘

("TCO018',*-60m) + 0.002962* PrevVal

("TCO18"', *-65m) Analysis Type: ('Expressnon (" Rollup (" Event Frame Gener:
B3 = 0.02152* PrevvVal ('TC003','*-70m') +

0.01299* Prevval ('TC003','*-75m') - —

0.002255* Prevval ('TC003',*-80m) - 0.006053%* _

PrevVal ('TC003',*-85m) + 0.01966* Prevval =] e
("TCO03','*-90m') + 0.0002582* PrevVval ValueatE Valueatl: Ou
('TCO03','*-95m') + 0.0293* PrevVal ('TCe@1', '*-5em') - ©.002517* Prevwval ('TCOQ@1', '*-55m') - @.0007928* PrevVval ('TCO01', '*| -082642 | -082642 |[B1C|(

('TCO03'","'*-100m")

', "*-50m") - 0.002517* Prevval ('TCO@1', '*-55m') - ©.0007928* PrevVal ('TCe01', '*-60m') + ©.002649*

* . A 5 A = ’ S L *
B4 — -2.158* Prevval (' PI009','*-50m') - + 0.005372* Prevval ('TCee1’, 7ém") - ©.001842* Prevval ('TCee1l’, 75m"') - ©0.01119* PrevVal

0.7991* PrevVval (' PIO09','*-55m') - 0.2701*
Prevval (' PIOO09','*-60m') - 0.4887* PrevVal

(" PIOO9', "*-65m') - 0.4887* PrevVvVal ('

PI009','*-70m') - 0.5009* Prevval (' 'TCO18','*-45m') + 0.02477* Prevval ('TCO18','*-50m') - ©.008204* PrevVal ('TCO18','*-55m')| 22614 22638 | Map |G
PLO09Y, t*=T75m') 4 0.6556% Prevval (! rCO03',"*-70m') + 0.01299% Prevval ('TCOO3',’'*-75m') - 0.002255* Prewal ('TCO@3','*-8om') | 94187 | 94187 |Map |G
PIO09','*-80m') - 0.3157* PrevVal (' : :
PI009',"'*-85m") °1009','*-50m') - ©.7991* Prewal (' PI@@9','*-55m') - ©.2701* Prewal (' PI@@9','*-60m') -| -87768 -87768 |Map |
B5 = -0.0203* PrevVal ('FC002','*-75m') FCee2","*-75m") -092662 | -092662 |Map (&

11503 11527

i
3
2

benzen pred = B1+B2+B3+B4+B5
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