BENEFIT CALCULATION of APC APPLICATIONS
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APC APPLICATIONS in MOL

A MOL DUNAI FINOMITO TECHNOLOGIAI FOLYAMATA

» MOL GROUP




FCC

ALK

ETBE

MHC

VD1

VD2

APC DMC CONTROLLERS

Bl1 LPG fractionator
cll Reactor / regenerator
Cl2 Main column

Gl1 PP Stripper

Gl2 Debuthanizer

DC3 Depropanizer

IST Izostripper

M1 Reactor / fractionator
M2 Ethanol recovery
HRX Reactor

HDP Main column

AMN Main column

APD Primary distillation column
ATS Stabilization column

CMN_FRAC Main column

CMN_H108 Atmospheric heater
CMN_H109 Atmospheric heater
CMN_H230 Atmospheric heater

CPD Primary distillation column
CST Stabilization column
CVvC Vacuum column

VD3 DMN_FRAC Main column
DMN_H111 Atmospheric heater
DMN_H112 Atmospheric heater

DPD
DST
DVC
GFR C4S
DC2
DC3
DC4
CCR4 FRACT
HYDRO
PLATFM
NDH2 BEK?2
AROMATIC BEN
TOL
XOX
XK1
XK2
DC CMF
CHT
GDB
GDP
PPS

Primary distillation column
Stabilization column
Vacuum column

C4 Splitter
Deethanizer
Depropanizer
Debuthanizer
Benzene

Reactor
Platforming
Stabilization column
Benzene column
Toluene column
Ortho-xylene column
Predestillation
Xylene column

Main column
Heater

Debutanizer
Depropanizer

PP Splitter
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APC FEASIBLE BENEFITS

v Energy saving
v Maximise most valuable product
v Quality control
v Maximise feed

REALIZABLE PROFIT 1 - 2 Billion Ft / year !!l!

4 — 7 mill EUR / year » MOL GROUP




FAIRY TALE BEGINS

e there was a dear lit 1g|rl
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A METHOD FROM LAST CENTURY

operation:
|

1S SQit through outlook:
ller waswitched off?
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p-time of RRC controllers

f
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WHERE TO GO?

g,
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APC vs OPERATOR

Without MPC With MPGC
Operation stays in a Process is controlled at
“comfort zone,” away the real optimum, capturing

from constraints. additional earmings.
MPC operating

window

- Actual optimum operating point

Actu=al constraints:
- Product specs

- Purmip aimips

- Flooding

- Valve capacities
- Rundown temp.
- Design pressure

operafing
window
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NEED of ONLINE MONITORING

Commissioning 2-3yr

Good support,
online monitoring (10%)

|

Benefits

No monitorin
no support

Support,
no monitoring (25%)

Poor support,
no monitoring (40%)

» MOL GROUP



KPI DEVELOPED by KERN

KPI for MPC utilization

Ul = CVA/MVD *100

Ul = Ildeal MPC utilization
CVA = number of CVs at active constraints
MVD = number of MVs in controller design

Hydrocarbon Processing October 2005
A. G. Kern On-line monitoring of multivariable control utilization and benefits
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IMPROVED KPI

CVhi
CVlo
CVsp
MVhi
MVlo
MVd
MVpr
MVet

Actually we have applied the following real equation:

= CV on upper active constraint

= CV on lower active constraint

= CV with clamped setpoint

= MV on upper active constraint

= MV on lower active constraint

= total number of MV

= total number of predicted MV

= number of MV with external target

Ul = (CVhi+CVlo+CVsp+MVhi+MVIo)/MVd-MVpr-MVet)*100
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EVALUATION CRITERIA

100

» MOL GROUP



AROMATIC AREA

AROMAS UZEMCSOPORT

Eredményességi mutatd

AV.3: Orai: El&z6 napi:
' @DPD AVZELODESZTILLALO (N _97 ”
100 % b
@OMN A3 FOTORONY e
100 % a7 % — - v
@DVC AV3VAKUUMTORONY BT [ APC futés: QDDTB.DQ.QB_ QDDB.DQHQ? .
17 % 8% . - . Ul =
DST  AV3 STABILIZALO AV3 ELODESZTILLALG ’ 100,00” 100,00 %
REF.4- ® ? ﬁ £33 FOTORONY 100,00 97,88 %
: A3 VAKUUMTORONY % 100,00" 100,00 %
@PLATFM PLATFORMER Av3 STABILIZALD " 100,007 97.52 %
.. >— I N
@FRACT  FRACTIONALO a0 % 92 REF4 PLATFORMER " 100,00" 100,00 %
AROMAS: REF4 FRACTICNALD " 100,007 100,00 %
@BEN  BENZOL TORONY BENZOL TORONY " 100,007 91,67 %
@T0L  TOLUGL TORONY >— I s TOLUGL TORQNY 100,00 52,01 %
100 % 100 % OXILOL TORGNY 99,93 98 B5 %
@+0X  OXILOL TORONY S ETANMENTESITO . 000" 0,00 %
100 % 100 % PROPANMENTESITS d 000" 0,00 %
GFR: . . BUTANMENTESITS " 100,007 100,00 %
@DC2 ETANMENTESITO BUTANSPLITTER 5 100,007 100,00 %
@0C3 PROPANMENTESITE T
@0DC4 BUTANMENTESITO 80 % 80 %
@C4S BUTANSPLITTER

@ APC bekapcsolva Bl - 35% J6 kihasznaltsag
@ APC kikapcsolva [ =25% = 35% Megfeleld

B - o Gyenge kihasznaltsag
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EEE:

HF A

ETEE

HDS:

MOTOR FUEL AREA

MOTORHAJTOANYAG UZEMCSOPORT

Eredményességi mutatd

Orai: El6z6 napi:
@GI1 FCC Benzin sziripper s
0% 2%
@CI2 Fcc Butanmentesits [E—
0% 1%
@Cl1 FCC Reaktor/Regenerstor [ [
13 % 5 0
@Ci2 FCCFokolonna e
2% 6%
@Bl FCC LPG szétvélasztas I
17 % 23%
@IST HFA tzosztripper NN
0% 3%
@11 ETBE Frakcionalé
0% 11 %
@M2 ETBE Etanol frakcionals o [
0% 2%

@HRX HDS Reaktorok >
7% 38 %

@HFD HDS Desztillécio

@ APC bekapcsalva B > 35% J6 kihasznaltsag

@ AFC kikaposolva [ = 25% < 35% Megfelels

B - o Gyenge kihasznaltsag

=]

HELP

APC fitds: 200802117 2008.02.05 — 2.12.
Teanapi Heti
FCC Benzin sztripper 100,007 7477 %
FCC Butanmentesitd 100,007 71,73 %
FCC ReaktorfRegenerat” 100,007 54,80 %
FCC Fikolonna " 100,00" 66,76 %
FCC LPG szétvalasztas” 100,007 71,70 %
HFA Izosztripper 000" 0,00 %
ETBE Frakcionala 000" 0,00 %
ETBE Etanal frakcionala” 000" 0,00 %
HDS Reaktorok 0,00” 0,00 %
HDS Desztillacio 100,007 85,64 %
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BASE OIL AREA

BAZISOLAJ UZEMCSOPORT

Eredményességi mutatd

Orai: El6z6 napi:
AV-T: ) -
@4PD Av1ELODESZTILLALO
100 % 100 %
@aMN  AY2 FGTOROMY B
80 % 80 %
AV-2 " -
@CPD 42 ELODESZTILLALO [ —
0% 71 %
@CMN AV2 FOTORONY [ |
71 % 1%
PENTAN:

@FENT PENTAN

APC fiatds:

A1 ELODESZTILLALO
A1 FOTORONY

Ay2 ELODESZTILLALO
A2 FOTOROMNY

PENTAN

2008.02.11
Tegnapi

100,00"

100,00"

100,00
100,00

0,00°

2008.02.05 — 2.12.
Heti
99,95 %
99,99 %

100,00 %
100,00 %

0,00 %

0% 0%
@ APC bekapcsolva Bl - 35% J6 kihasznaltsag
@ APC kikapcsolva [ =25% = 35% Megfeleld

B - o Gyenge kihasznaltsag
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PROPAGATION of OUR METHOD

We proudly presented what we have done.

Reactions:

» MOL GROUP



APC EVALUATION

e

%

e
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e

*%

e

*%

1/101 BENZENE TOWER APC RATING

Multicomponent distillation - energy savings

Crude distillation - correspond to PIMS optimization
Maximize feed or valuable product

Stabilize quality of product ( no giveaway )

AROMATIC UNIT Extrapolated annual benefit

Period Energy cost reduction

| 2009.08.07 to 2009.09.07 T Target Actual Score Weighting

possibility Profit* ] Profit ]

Parameters 6 910 650 Ft | 5528520Ft | 3773452Ft | 683% | 60

DMC Objective Energy Cost Reduction *target profit = 80 % of theoretical cost reduction

DM On/Off Switch APCDARTBEN.LSTOMCON

Feed DARBRFCOD1 PY Steady product quality and operation

Reflux DARDRFCO0Z2.PY Valuable product : Target : Actual Score Weighting

Heat price Fikcal 0.014679 | Std. Deviation | Std. Deviation |

Impurity on top(Toluene) PRM DARZRIDITTOR. PYA, Impurity in henzene (PPN} 0,50 ; 0,54 ; 36,0?%5 10

Impurity upper limit DARZRI0ITTOR.HI

Average reflux ratio without APC 065

Simulated S¢3 optimal raflu ratio 0.48 Technological bottleneck/operator mishandling

AH kealim® 90500 Profitable Manipulated I Target : Actual Score Weighting

Specific heat kealfm?C EA Variable on Constraints : Constraints Constraints

Top temperature DARDRTO93.PY Benzene product on HI LIMIT 0% 0,0% 100,00% 15

Reflux temperature DAR1RTOGS. PyA, Reboiler steam on LO LIMIT | 0% 0.4% | 99,15% 15

Target Std. Deviation 0a

DMC ONLINE TIME 80% TOTAL SCORE

50775 545 Ft

Weighted
average

41%

Weighted
average
9%

Weighted
average
15%
15%

79%

» MOL GROUP




DETAILED REVIEW

11101 BENZENE TOWER APC RATING
AROMATIC UNIT
Period
2009.08.07 to 2009.09.07
Parameters
DMC Objective Energy Cost Reductian
DMC On/Off Switch APCDARTBEN LSTOMCON
Feed DARBRFCOD01.PY
Reflux DARDRFCO0Z. Py
Heat price F/kcal ’ 0.014679
Irpurity on top(Toluene) PR DARZRIDITTOR. PyA
Impurity upper limit DARZRI01TTOR.HI
Average reflux ratio without APC 0.65
Sirulated 343 optimal reflux ratio 0.48
AH kealfm® 90500
Specific heat kealfmr°C 416
Top temperature DARDRTOS3.PY
Reflux temperature DARTRTOS4. PVA
Target Std. Deviation 05
DMC ONLINE TIME 80%
» MOL GROUP




DETAILED REVIEW

1101 BENZENE TOWER APC RATING

AROMATIC UNIT

Technological bottleneck/operator mishandling

Profitable Manipulated Target Actual Score Weighting Weighted
Variable on Constraints Constraints Constraints average
Benzene product on HI LIMIT 0% 0,0% 100,00% 15 15%
Reboiler steam on LO LIMIT 0% L0 £ 9915% | 15 15%
TOTAL SCORE 79%

» MOL GROUP




MV-S ON LIMIT

AROMATIC UNIT MV-s (Manipulated Variables) ON LIMIT

Benzene product Steam
0,02% 9,56%

Ad-Hoc Trend

K1 reflux K1 heating Naftene
0,93% 5,58% 19,43%

! Toluene product 2/101 fuel gas
0,06% 1.66%

Ad-Hoc Trend

Ad-Hoc Trend

K2A reflux K2B bottom product K2B bottom product
89,33% 0,03% 2,10%

Ortoxylene prOdUCtAromatol " 3104 fuel gas

0,00% 0,00% 2,22%

» MOL GROUP




FCC UNIT MV-s (Manipulated Variables) ON LIMIT

Reaktor hofok Aag. elomelegités

99,35% 99,35%
PRS levegd WIZE riserbe

9,87% 99,35%
400 V5 nyomas Alapanyag

98,28% 98,07%

410 V3 nyomas
99,19%

410 V7 leftijt gaz
5,.84%

Kikapcsolt szabalyzo

400 V1 fej hofok Mosoolaj 510 V5-be

99,85% 27,69%
LCO Ktarolas Nafta 400 E1-re
0,009% 0,00%

MCB cirk. 400 E5A-ra 400 V1 quench
18,49% 0,00%

MCE cirk. 400 ESBE-re 410 V6 mosofolyadek
0,00% LE{ER

MICE cirk. 400 E4-re Benzin 410 V5-be
17 .68% 0,03%

MCB cirk. 400 E11-re
0,00%

MV-S ON LIMIT

430 V1 reflux 430 V1 37.t. héfok
0,03% 0,00%

430 E6 nafta 430 V1 nyomas
0,00% 0,06%

430 EBA propilén 430 V6 betap
99 99% 0,00%

430 EBB propilén 430 V9 nyomas
99% 0,00%

410 V8 nyomas 410 V8 32. t. héfok

0.89% 0.51%
Nafta 410 e15-re 410 V8 reflux
0,50% 133%

» MOL GROUP




DETAILED REVIEW

1101 BENZENE TOWER APC RATING

AROMATIC UNIT

Steady product quality and operation

Valuable product Target i Actual Score Weighting Weighted
Std. Deviation Std. Devimioni average
Impurity in benzene (PPM) 0,50 0,54 36.0?%; 10 9%
TOTAL SCORE 79%

» MOL GROUP




CALCULATIONS
Basic reflux ratio without APC (Rat)= 0,65 _
Top temperature(Tt)

Heat loss (AH): 90500 Kcal/*m | ¢

Specific heat (Cpt): 416 Kcal/*m/°C

Heat price: 0.014679 Ft/Kcal 1/101

Reflux (R) l

[
>

Distillate (D)

P
<

Reflux temperature (Tr)

v

Feed temperature (Tf)

— Steam

~ Toluol | Bottom I

<




DETAILED REVIEW

1101 BENZENE TOWER APC RATING

AROMATIC UNIT Extrapolated annual benefit 50 775 545 Ft
Energy cost reduction
Theoretical cost reduction :  Target ‘ Actial | Score Weighting Weighted
possibility L Poofit | Profit | average
6910 650 Ft 5528520 Ft | 3773452Ft | 68,3% 60 41%

*target profit = 80 % of thearetical cost reduction

TOTAL SCORE | 79%

» MOL GROUP




BENEFIT-COST RATIO

Period

2008.01.01

2009.01.01 |

ROUGH ESTIMATION OF ANNUAL ENERGY COST AND SAVING

Average reflux

Benzene product

DARZRFOZE. P

Annual energy cost | Saving ratio

rriath kndh 3 o
18.6 15570.7 177 480 571 800 Ft 13.9%
2008 Average reflux | 2008 Average feed . _
without APC without APC Ratio Number of days without APC
rm3/fh 3k
21 !3 31 ,5 D,? ?B

» MOL GROUP




GLOBAL OPTIMUM

CRUDE UNITS:

Cut point targets given by PIMS global optimum

Sensitivity of the PIMS model show us how the profit is decreasing with every one °C
cut point difference.

There is a swing between heavy naphta stream and kero stream. This stream is
about 15 °C wide range and the yield of swing is 1,5%. According to this, 1 °C
difference causes 0,1 % change in yields.

If we calculate with amount of annual REB crude oil (5,8 million tons in 2010 at MOL
side), we will get 5800 t difference per year. In these days there is 20 USD price
difference between import naphta and import 0,2 gasoil, which means 1°C difference
can cause 116 000 USD losses in every year. ~ 22 mill Ft/1°C

If we suppose 1°C difference means 5800t/year change between gasoil and vacuum

gasoil as well, the loss can be even 500 000 $/year, because the price difference is
higher there (it can be 100-150 USD/t). ~ 30 mill Ft/1°C

» MOL GROUP




BENEFIT OF ACCURATE CUTING

( Specified cutting point - cutting point controlled by operator ) = 6.5 C°

M(Inf) - Mean value of inferential calculation
Standard deviation of ( Lab measurement - Inferential calculation )

Oastm - Standard deviation of ASTM measurement
SpecT - Specified cutting point
Profit -  Benefit mill Ft/ 1°C

OINF -

(6,5—(SpecT — M (inf ))) * Profit *Corr

Corr =

» MOL GROUP




THANK YOU FOR YOUR KIND ATTENTION!

APC
o7S
DCS
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