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Agenda — Delivering Business Value from the Pl System
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MOL Overview
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MOL Group around the world

Operations in over 40
countries and employs

EUROPE
almost 29,000 people AFRICA —_y -yl

M Croatia
. B The Czech Republic
worldwide
r W Germany
M Hungary
M italy
M Montenegro
M proland
M Romania

Production activities in 8
countries and exploration
assets in 12 countries

M serbia
M Slovakia

W Ukraine
M United Kingdom

Cultural alignment
challenges - 10 time
zones, 5 languages,
and 3 units of measure

ASIA

M Kazakhstan

B Kurdistan Region of Iraq
Moman

M Pakistan

M Syria

I Countries of operation
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MOL Downstream

MOL operates 4 refineries and 2
petrochemicals plants, under integrated
supply chain management.

e MOL also own a network of more than 1,900
service stations under 8 brands across 13
countries in Central & South Eastern Europe.

Element Categories 133 \

[ Element Templates 301
(7 Elements 20914
3 Enumeration Sets 45
F={Event Frames 61012
8 Identities 95
gé Mappings 96
$Notification Contact Template 154
/2 Notification Templates 31
I Notifications 5908

¢
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The MOL Journey with
the Pl System & Pl AF
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Tactical to Strategic, Tags to Assets 2010
2006 _—

loT
‘ Enterprise Machine learning

‘ Division aﬁ
o H
Team

. fikii

Individual
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MOL Downstream / History II- Tactical Historian to Strategic
Infrastructure- Supporting Strategic Business Initiatives
N)DSP >

New Downstream Progra
— > Safety first (HSE,PSM)
Vision

eka TVK [ moL ) SN

Rije
Industrial Refinery implementatior] p| HA / PVS| Upgrade

4 Intensive PI system (2014)
Slovnaft . Y 2012 (2014) (2015)
(2007) Rt Webparts PIACE Zala Pl Coresight (2012) (2012)

PI AF Refi m \ I B e
@ 209 |6500) 5010 éé?%y i Lﬁ \M ﬁ \lﬁﬂm
i 3‘. : 5 )| ‘ \_@ r«b:nsp
S = iy, f—— o

uuuuu " ﬁ.
g )\ Key PI AF

_ L _pHMOLGRC e — — _ _Milestones_ _ _ .
| I |
| I

=

Tag Based Il {ammm— Asset Based —
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Moving to Pl AF is a Vision and a Journey.....”Just do It!”

« Start PI AF with a key business
initiative and build, capability,
momentum and awareness;

* Market Pl AF vision, capability, and
value to leadership with alignment to
strategic initiatives;

* Leverage Pl AF Jumpstarts, OSlsoft
consultation, Pl AF templates, Sls, etc.
to lower the barriers to Pl AF use;

* Once PI AF critical mass is achieved,
adoption will accelerate and be seen as
transformative and strategic;

* MOL sees Pl AF as enabling to many
Pl System capabilities like Pl Coresight,
Pl Connectors, Integrators, etc.;

(@ osisot. USERS CONFERENCE 2016
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Estimate of the % Primary Use of the Pl System
in Analytics & Visualization in MOL Downstream

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

wn Uy Tag Based w9 Asset Based
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Leverage of the Pl System as an Integration & Applications Infrastructure
to Simplify & Standardize the Applications & Solutions Portfolio

<>

Production Process

Integration level

AS-IS

Coordinated
(low standardization, high
integration)

Prod. Mng. &
Reporting &

Performance Mng.
Diversified
(low standardization, low

integration)

<s
Performance
Monitoring 1@ -

Road,Rail,

Barge,Pipe ’

Unificated
(high standardization, high
integration)

pintenance

Replicated
(high standardization, low

Production Process Integration

Storage op.

Production Process Standardization level
Past State <2014
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level
TO-BE

Coordinated
(low standardization, high
integration)

Prod. Mng &
Reporting &
Performance
Mng.

Performance
Monitoring Mng.

Unificated
(high standardization, high
integration)

- Road,Rail,
! Barge,Pipe
< Storage op. Trans.

Diversified
(low standardization, low
integration)

@

Replicated
(high standardization, low
integratiop

Production
acc.

Maintenance

[¢ Operation )}

Production Process Standardization level
Current State >2014

Production (Refinery & Petchem )O & Logistic standardization O
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MOL Downstream Pl AF Based Applications

Safety and Asset Integrity Yields
Interlock statuses/DCS role tracking Crude Blending Control

Operating envelopes Yield Optimization/Reporting

Integrity Operating Windows (IOWs) Product Quality

e  Corrosion control (HTHA) Analyser Reliability

Alarm management Operational Optimization

Control rooms’ temperature Plan vs Actual Analytics with Future Data
Energy NG and Fuel Demand gas forecasting

Energy Monitoring and Management Peak Electrical forecasting

Energy KPI breakdown (6 tiers) Normal mode of control loops

Column Energy Efficiency Dashboards APC monitoring

Hydrogen, Utilities, and Energy balances Pl AF and Sigmafine (Pl AF) used for yield

Flaring accounting & Material Movement
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N){DSP MOL
Next Downstream
Program
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Next Downstream Program Goals

* Optimize maintenance costs and increase

operational availability of MOL Group Operational Vel E T
Availability Efficiency

* Move up one quartile energy intensity

* Black to white, increase of white product yield

. . . Energy Yield
* White yield to improve by 2.5% Efficiency improvement

* Flexibility between fuel and petchem products

* Diesel/Mogas from 2.4x to 2.76x

New DS program delivered USD 500mn Clean EBITDA improvement in 2014 vs 2011
N)DSP targets ADDITIONAL $500M increase by end of year 2016 vs 2014
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Focus areas of New Downstream Program (NDP
and Next Downstream Program |N)DSP w

NDS is targeting $500M-550M EBITDA improvement by end of year 2016

Specific Energy Loss Operational White
Consumption availability Product (Yield)

Base:3.13 GJ/t Base:0.53% Base:95.19% Base:79.11%

NDSP:3.01 GJ/t | NDSP:0.45% @ NDSP:95,81 @ NDSP:82.02%

»(DSP Plan:2.94 GJ/t § pPlan:0.37% M@ Plan:96.19% [ Plan: 83.07%

2% 30% 1.1% 5%

.@
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Supporting Refining Safely
Excellence with Integrity
Operating Windows(IOW)
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Supporting Strategic Business Initiatives — Refinery
Safety Excellence

Process Refinery
Asi?](:[:-é g’ rziié/ety Safety Safety
Management Excellence

* On-line analyzers » Proactive/Predictive « Safe operation

* Interlock analytics with Pl AF * Reduced shut-downs
* Flare * Reports — Pl DataLink « Availability/Utilization
* Integrity Operating Windows (IOW) « Displays Pl Coresight * Integrity

* Operation Envelopes * Notifications [ otifications » Loss of containment
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Integrity Operating Window- Using Pl Asset Analytics
IOW - Established limits for process variables (parameters) that can affect

the integrity of the equipment if the process operation deviates from the
established limits for a predetermined length of time — All in Pl AF

* Immediate and comprehensive reliability improvement program for key units

Elerments

* Perform Failure Mode and Effect Analysis (FMEA) o

- (G ARGUS

- [ Control loops DR

- [ Danube Refinery

- [ DCS Felhasznéldi szint
- [ DUFI Struktura

- [ Energy Consumption Predictions
- [ Energy KPI System

- [ Energy Monitoring

- [ EzIttEgyTeszt

- (@@ Flare Monitoring

- (@ FlareSource Monitoring

* Improve investigation & upgrade corrosion control

* Define Integrity Operating Windows of Critical equipment

* Prequalification of suppliers (cover more services, review the process).

- G IOW

i [ DAV3 Desalting
- (5 DBKS IOW

- [ DETBE IOW

- [ DGK3 IOW

- £ DHDS IOW

e KPIs Review & Analysis of Cycle and Duration

- () DHGYZ2 IOW
- () DKBI IOW

e Reliability awareness improvement program and people competency
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IOWs - Examples

Requires attention within Requires drastic and/or
specified timeframe Immediate action

____Standad |

Heater Tube Skin Temperature  Boiler Feed Water Level
Crude Fractionator Dew Point Hydro-process Reactor

Temperature Temperature

pH of Crude Tower Overhead Heater Tube Skin Temperature

Desalter Outlet Salt Content Sulfuric Acid Strength in
Alkylation
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Proactive & Predictive Rather than Reactive Maintenance
Leading to Improved Asset Integrity & Utilization

@ OSl-o't.

COMPETENCY INSPECTION CORROSION MONITORING MITIGATION
DEVELOPMENT PROGRAM DATABASE PROGRAM PROGRAM

* Expert knowledge « Advanced inspection ~ * Corrosion map » Comprehensive + Surface protection
base techniques + Develop IOWs monitoring system * Protection by
+ Workshops implementation Integrity Operating development chemicals
* Failure reports + Turnaround Window supported * Operate monitoring + Cathodic protection
+ Laboratory inspection plans by Pl client tools system « Material changes
background preparation <> « Expert analysis
* R&l m@
E Pl Coresight
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Danube Refinery Crude Distillation Unit IOW — AF Analytics

@) \WMOLSZHBFINAFOI\RiCenter - Pl System Explorer (Administratol

File  Search View Go Tools Help

@Database % Query Date ~ (D @ @ Back () |, Checkln 3 v [&] Refresh | |9 New Element -

e | 7o

Search Elements oo

Elements

DAV3 Unit

& Elements
[ Flare Monitoring
(@ Integrity Operating Windows
[ () DDESTB Block
[ (J DAV3Unit
G Ammoniatartalom 121 elfolyo vizében
(G Amméniatartalom a 122 elfolyo vizében
G Homérséklet 101 fején
(& Kloridtartalom 121 elfolyo vizében
@ Kloridtartalom 122 elfolyo vizében
& pH 121 elfolyo vizében
G pH 122 elfolyo vizében
b () Sétartalom 138 IL kilépabél
[H- [ DKEI Unit
(5 DMCHAB Block
(3 DREHIB Block
- [ Interlock Monitoring
(3, Element Searches

General |Ch\\d Elements | Attributes | Ports || Analyses { yersion

Name: IOW Unit Rollup
Description:
Categories:  |IOW General I0W Unit -

Analysis Type: () Expression @) Rollup () Event Frame Generation

e B @ Name Backfilling
© = @ IOWUnitRolup
Rollup attributes from Sample Child Element: | Ammor

(@) Child elements of DAV3 Unit
() This element - DAV3 Unit
To select attributes set criteria below

121 elfolyo vizében

Name
v Exceedance State
BlockID

Attribute Name: Exceedance State
Attribute Level: Root Level
Attribute Category:

Element Category:

Element Template:

Select the function(s) to write to an attribute

Current

Desc

Exceedance Time Ratio
v Functional Location

HI Limit

Limit Status

v LO Limit

Name

UnitID

Function Qutput(s)
Sum Count of Exceed
Average
Minimum
Maximum
Count Count of Parami
Median
Population standard deviation

Sample standard deviation

Value Unit Operating

@) osisot. USERS CONFERENCE 2016

Parent Element
Ammoniatartalom 121 elfolyc vizében
Ammoniatartalom 121 effolyo vizében
Ammoniatartalom 121 elfolyo vizében
Ammoniatartalom 121 effolyo vizében
Ammoniatartalom 121 elfolyo vizében
Ammoniatartalom 121 elfolyo vizében
Ammaniatartalom 121 elfolys vizében
Ammoniatartalom 121 effolyo vizében
Ammoniatartalom 121 elfolyo vizében
Ammoniatartalom 121 effolyo vizében
Ammoniatartalom 121 elfolye vizében
Ammoniatartalom 121 effolyo vizében

Results

General Attributes
Process Data

General Attributes
Time Cumulated Data
General Attributes
Limit

Results

Limit

General Attributes
General Attributes
Configuration Parameters

Categories
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Danube Refinery Crude Distillation Unit — IOW Visualization
Augmentation of Opralog

Pl Coresight

€) New Display BE=4 D (7]

@ IOW AV3 Somentesito| WP (Read Only)
Undo Redo

Home »

E 2’50350

1 » O Assets 0220 P | ll—ﬂ ‘_||
T » g MOLSZHEPL 2015.02.28. 21:13:25

365d 2016.02.28. 21:13:25
[ O RtCenter . -

1G5 105 0 T0C
bty B

2015.02.28. 21:13:25

2016.02.28. 21:13:25

165000 g . . : m I SR «-—tmy_
& - {h.c——\-_
2015.02.28. 21:13:25

2016.02.28. 21:13:25

Related Assets/Events L

o Mt o
Cart @ 2015.02.28, 21:13:25 365d 2016.02.28. 21:13:25
Dra mbaols here for later use . " — -
28 MName Description Value Units « Trend Average Minimum Maximum
DAVIHOB_KORRSZOND.LA Korr. szonda hideg oldalon (8) 0,0800 mmyev —|_1—|_,_._ 01030 0,0108 0,283¢
DAVIKSZ122VIZ_KORRSZOMD.LA Ko szonda a filap. reflt elf. vizhen 00358 mmev  IhTH 0] 0.7718 0.0359 1.385¢
2015.02.28. 21:13:25 [ 1h [1w] & Now 2016.02.28. 21:13:25
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Corrosion & Integrity
Predicting High Temperature
Hydrogen Attack(HTHA)
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Improvmg Asset Integrity with Advanced Corrosmn Analytics @

Center P{
Fle Semch View Go Jook Hep

@ Datebase [ QueryBate - @ § QBack O

1« High Temperature Hydrogen Attack (HTHA)

?;’_"%“;nfem E r.am;mmnm e
BE ||t dnnen sl " pressure(PP), length of exposurey e
| 3 R:lm 510 —— 5
2 fam ’ ;mjm -| Developed Pl AF Femplatt.-:‘that:
- — - Determine partial pressure

" AEx ? i +  Attribute of pipe class

s Rdm 183 «  Temperature and length of exposure limits

B Ram 0 «  Total time above Temp and PP

8 Rzl 0 « Alerts/notification/event frame

8 Rl 0

A5 o ¢ Tested and rolled 0ut 16 unis < 1 weck

. nts in :

o &, i e e G L

8 & an 124 v T
e B REMD .ﬂ |
== | | 1 Rur : e N L:-Tn
B | | 8 RAF 0 ' ' T T—
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Nelson Temperature Limit LookUp
Function and LookUp table

[I0W HTHA Nelson Curves T lim

PG

Material Typa TMIN TMAX PA ] PC o PE PF

1,25Cr-0, Mo 614.3203432 1000 0 ] ] 0 ] 1 0
1,25Cr-0,5Mo 508, 7477308 514.8208452 495, 1655322 -0.805381822 0 0 0 1 0
1,25Cr-0,5Mas 3220725521 508, 7477358 a0 0 0 1 1021.226335 -32016541822 1
@_ 322,0725521 00 0 0 0 0 1 0
1Cr-0,5Mo 538,960 1409 1000 0 0 0 0 0 1 0
1Cr-0,5Mo 482,2222222 538.9601409 260, 3998906 -0.442134998 0 0 0 1 0
1Cr-0,5Mo 322.0725521 432, 2222277 a0 0 0 0 1021.226335 32016541522 0
1Cr-0,5Ma -100 3220725521 300 i i 0 i 1 0
Carban Steel 70.6606667 1000 0.894757219 0 0 0 0 1 0
Carbon Steel 3544274813 576, 6666067 6.89475729 0 0 0 0 1 0
Carbon Steel 197.1283418 354.4274513 6 0 -0.043155263 15,18420899 0 0 1
Carbon Steel -100 197, 1233418 00 0 0 0 0 1 0

Value to return when no matching row found:

Value to return when NULL result found:

-1000

OSlsoft.

-

-1000

USERS CONFERENCE 2016
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Use of Excel Solver to Determine Equation from a Data Set

Hydrogen partial pressure, megapascals absolute

3.45 6.90 10.34 13.79 17.24 20.7 345 483 62.1 738
*3(1410 =) —eco
-
1400
1300 -
== s 700
-
= F—4_ =
ssI e =1 ~-~§f\
— +~— —) ] =
3 7 P .- —] -_t ]ttt — T —_ " — —— — —— — ] - 600
23 T — — 8.0Cr—0.5Mo stes! 13Y 13] 3 1370.8%W0.75%V
= g 5 I T
2 7.3 | W i — K> 14+0.25%) ]
g 1o |7 ges OITRC 1 1.25C0.5Mo steel = ————,| — I — 3= 3 A \@\
F 05 |75 | mizof - — N e —soe & I S |
%0 A ]; == 5 0Gr-1Mo stect G L M Mee—id 3 53
H e { —— Sager o se, : ‘
g 1.0Cr-0.5Mo steel TN TN N é go—ox - X A
s . 5Mo o PO e
§ 19 ! | \\ 2.25Cr—1.0Mo stoel g P | 8 +>< ©
o Sewams Asrd Fiouinact] N £ 5
= 1 Tor o.9M0 steeis i = g = gor €S 8 A
R L N —~
— (
1 / {
=1 e 18 &
125Cr—0.5Mo or 1.0Cr—0.5Mo steel = 5 %)
2t
E =1 & —+ &
= = | = 2 "
ol Carbon steel p 7 K] = ) I 2218
—{200
| ] @ Tro] siele
o
| 7 1_::|)$ s ac Fy | A- &
200 500 1000 PR 1500 2000 2500 3 » 5000 7000 S000 11000 13000
Hydrogen partial pressure, pounds per square inch absolute Scale changs
Noios PLSI [ 25 e 2] Tegend:
1 CThe limits described by these curves are hased on service experience originally collected by G.A. Nelson and on additionalC) Surface decarburization  — — — — — — — — — — — - NeLro
O infornition gathercd by o made available to AFLO! — ¢ P pu- TCE) ageshor
2.0Austenitic stainlcss steels are gencrally not dccmhunud in hydrogen at any temperature or hydrogen pressure.C Internal Cousbo. stanl /2 =T
3 EThe limits deseribed by these curves are based on experience with cast sicel as well as annelacd and normalized stecls attl = . g
© stress Ievels defined by Section VI, Division . o the ASME code. See 5.3 and 5.4 i text for additional information O Cats™ 3985 B5GL 0% 88%s ~ L P —=22.5G £ 0D +462.28
Soovenst ach et have stactory region. See Appendix B for details.0 & o, o5
3 T he inciusion of the 2 25CToIMo.V class of stechs 1o based v 10.000+hr Tabrtory tests where these allays were af lcasicl Satistactory o o [ < v e S e
equal to the 3CT—IMo steel. Sce Reference 22 listed in Section 2.2 Intemal decarburization @ = - ¢ v —PRwer : 94=5RT . e
and fissunin [ ——"
Copyrish © 1967 by G.A. Nelson, Praduction ighis sraned by avthor (0 AFLD Suface decarburizaton & M =1 & 00X CAe
T'Ils figure was revised by API in 1969, 1983, 1990 and
Sea comments @ m m < v
l“l 941 Fifth EditionC)
January 1997
B p—r S )
= A (A-e " ¢ + 52
| .. Figure1—Operating Limits for Steels in Hydrogen Service to Avoid Decarburization and Fissuring
A i -+ EA&G = 438 S A, B ETEOPH " FFEDD) 4+ Se &2
/ o =~ oS 2 M—= PR
Eppen Ctod - Seees g P s43) ras2 i s S5
= = 2 - —aso(A-e = — —er=
vere=d - C=J S e s s, D ], e gD | s i /
L4 Z~ R .
tan Sy — SRl - - 29,53 @ (<) + 24D o < c.‘)
b A-e

. 345,23 R e
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lllustrative Pl AF IOW Predictive Analytics Configuration

(9 IMOLSHREMeter S iste] O - a4 B

Fie Serch Vew G0 Tosk Hep
@Dahbase % Quey e » E‘G @Back

- iy
> {7 gty Opeaing Wrdows

- DRt
-  Tnterock Mertorng
] BementSeaches

8 Checkh 4 v AReieh | 3 NewEemnt
Hdrugénes e Pl Coresight
| s s s e e / U1 limit R
/ Kame: HLim Area IOW parameter / Pl tag Act < | HiLimit s
g B 8 \lam Bacifling Desorption: TR K&nmentzgitd reakior bE1AD SIdmElegNt cEERpiogd - HOmErsdiet 2252 < -
O s f Himt s D5KSRTI20NT.DACAPY
. I Kanmentasn reaklor betap elimelegitd csepplogd - Nyamas 19302 | < -
a0 & N Buckilig DEKSRFI2033.A1A.0UT VALUE
K2nment2eng raaktor betapikiispd nicsensid - Himarsakiat
@ 8 fu Himt DBKS oW Dmmlmﬁm 1568 € | 270
] ﬁ I _“':' IWH:"-“E“W.&H“Q:M% DBKS 10w Henmenl2eli r22KOr bE2pIEp0 NOcEerei - Nyomas 19}65&] < >3
DEKSRPI2037.AIA.OUT VALUE
|szeientiv nigrogenaza reakior betap eitmalegis - Homareakiet
| DEKS IOW 1489| €| 199
K IOW HTHA Exceedance DEKSRTHIS1.DACARY
. Higroganezy raaktor- Homersdioat
i / state calculation DETBEIOW | ey sofae| < | 200
m EEE gazFriss HZ die gaz hoceersit- ced - HOmareaklel 142‘542 < 210
[ ] DEKIKTIZ32PVA
v 3z/Friss H2 ds 3z NOCEEAI0- KOpEny - HOMEArEEKlst
[ — DGKIIOW | o m 178208 | < 230
il Cirulacits gaz/kannyD alapanyag hdcsersld - Homereaklet
: - . . DGK3 IOW 13884 < | 20
| Easendinceitatelaleulation| IF ({*Current’s'MI Lint Tempersture’) AND “Unit Operating'sl) THEN 1 ELSE 8 DEKIKTISSSRVA
Clrk. Gaz eldmelzgltd 1031- kdpeny- Homérssklet
DHDS Iow — 2331 & | 240
§ Fis e DHOSHTITIRY
Clrk. Gaz elimelzgitd 103/2- kipeny- Homersklet
DHDS I0W =2 231833 | < 240
DHDSHT1280.7Y
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Natural Gas Purchase
Optimization
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Business Challenge — Exceeding NG Daily Consumption Peak

=l New MOL Hungary Enterprise contract

" Exceedance over the entry maximum
» Entry Maximum decrease - potential saving 7° |/
« Entry Maximum fixed for two years w
« High penalty on any exceedances #

 Fluctuation in consumption

20
mml ODbjective "

* Decrease the entry maximum : ;
* Eliminate the chance of exceedance o

- —Daily consumption (T)/day)  ==Entry maximum (TJ/day)

» Eliminate the peaks of consumption
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Pl AF Predictive Analytics — Forecasting NG Supply/Demand

Jl Daily & hourly
forecasting system

B %Hm e | crid Bement | Atobutes orts | ancyes | Versen|
. : O &
« Continuous calculation P v T |
« Based on consumption data - SIS R _ =
. = () DF Fusl O Burring in BoderPlant
* Pl Asset Analytics -oundom § Soug s
— (§ OF B O Buring AV2 £ (=] Category: Consumpion Caladations
g ﬁ:gg‘m?m:“ #) & Cuniated Dy Conarption W723164M) ]
. . - { TV Burtig Ineraase o} 4 ¢7 Curent Consumption 1591855, S MO 1
ma New tool to improve cooperation § gw:gm T —— p—— ]
‘i""“"‘"w"'ﬂ B (2] Categery: Exceadune Caladatons
7 ’ mﬁ & 1] dert State 4
- Different sites accross the country ! ™
« Alerting system L8 i
. . . L § 2o efery 7 L] HE Mt 55500000 M1
- Up-to-date, valid information il Yl T o
’ 1 L0 et 0M
. @ Pl Coresight R T "

(@ osisoii. USERS CONFERENCE 2016 © Copyright 2016 OSIsoft, LLC



Building on Success — Daily to Hourly Natural Gas Prediction

gg 'heplanned system DANUBE REFINERY.NATGAS HOUR!PREDICTION

* Online calculation
(extrapolation in every hour)

TOTAL CONSUMPTION Calculated with B
° Input. ACTUAL CONSUMPTION IN CURRENT HOUR hourly average LA :
) NATGAS 1 63273 m3/h 26790 m3 ]
° On“ne sensor data NATGAS 2 12770 m3/h _— \ -
A NATGAS 3 21588,7 m3/h
* static data and 0 mah
* periodically filled manual data SUM NATGAS 40686 m3/h suepnce consomrran | e EXTRAPOLATED
678,986 m3 3
:> 410492 m

ACTUAL CONSUMPTIONEXPECTED CONSUMPTION HILIMIT HH LIMIT I
md 100IS !
! HH LIMIT 49000
43000 b

| HILIMIT 47000 EXPECTED
* Pl Asset Analytics - || oauancenve CONSUMPTION

<D i 21 MIN

141049,2 m3

45000

* AF Tables and Lookup calculations e
avoidance of unnecessary alerts via oo ~TA | x
smoothing of forecasts within the hour s &“’%q £ PI Coresight

550 600 610 6:20 6:30  6:40 6:50 7:00 7:10 7:20 730

@ osisoit. USERS CONFERENCE 2016 © Copyright 2016 OSIsoft, LLC 3]



Results - The Working System

= Alerting —

* Conversation started

© PI Coresight

°
Natural Gas Consumption of MOL HU (TVK, DUFI, ZAFI, TIFO)
Current Consumption

. . 2,700,000
immediaely after the
alert

« Decision has made in Lo

T 312/2015 11:05:37 AM

around 30 minutes

* Employees were
informed

m Business Impact [

60,000,000 Cumulated Consumption

3/3/2015 12:05:37 PM

3/3/2015 12:05:37 PM

« 2 TJ/day Entry

Maximum decrease

« $230k/yr savings

3272015 11.05:37 AM

7 osisot. USERS CONFERENCE 2016

Predicted Cumulated Natural Gas Consumption at 6:00 AM

Ce
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Continuing the PI AF Journey

m Calculation Accuracy

» The accuracy of the forecasting
calculation can be increased (Tuning)

* Involve daily scheduling data or unit
operation mode

» Use of Future Data and PvA Analytics

Jl Extending to Other Energy
Types

* Increase the planning accuracy in case
of other energy types

« Installation is very simple and fast

/82018 62114 A0 [3h] (iw] (1mo)
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Proactive/Predictive
Asset Analytics
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Advanced Predictive Maintenance

* No Unplanned Downtime

. undel:jp?ar;¥g¥ming mailFl?;\llgnce
« Advanced maintenance equipment costs

strategies leveraging Pl AF,
EF, and SAP PM Integration

* A new project plan was

Reach

Initiated in 2015 to establish a T e Mechanical and
iti I downs Operational
condition-based maintenance Fooel elellny Goele

system via a new Integrator for
Business Analytics applied to
SAP PM
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Pl System & SAP PM Condition Based Maintenance (CBM)

Performance Based

Pl System - SAP - -
PM%ntegration Masl?rtaetrézr;ce Training & Support
* SAP development * PSA- Pressure swing * Knowledge sharing
« PI System access absorbers « Exploration of
via the Integrator * Chillers further possibilities
for Business - Heat exchangers - Continuous
Analytics improvement

< ‘;"%‘ ‘, “7 i\‘ﬁr
e P -

Performance or condition based strategy would fit more assets in the refinery than the time based.
These calculations require process and operational data available in the Pl Server.

The process data aggregation & HealthScore calculation done in Pl AF & sent
to SAP PM. Based on this result the Asset Maintenance Strategy is initiated by SAP PM.
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Preventive, condition based maintenance orders.

Business Benefits

I

. -
Equipment relevant policy

* Increased operational availability due to |, ..ceemue e S eseng o 7.

H . level maintenance 1 Manual task:

the Insta”ed Strategles_ management software. q @ Configuration
(PSA - Pressure Swing Absorbers g B e .+ Ewpmeniddta

e Maintenance data

e SAP PM - Measuring Points

in DHPP1-2, chillers in DSDW, h
heat exchangers where applicable) *

e PIJDBC Driver

« A working IT solution for further condition P %

Process analysis

or performance based static asset policy | °tnedaamayse - Oninocacuton ()

M H e The Pl System is main : g'o;‘;f::z;n’yl#:s
implementation. procese carapase. (@

e The online condition and T

Manual task:
Configuration

performance calculation will Process database
be done in Pl tools.

« KnowHow development about advanced [ s

condition based calculations. f

Process Data
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Microsoft Azure
Machine Learning
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Goals and Scope

Proof of Concept project to utilize advanced analytics and machine
learning in order to achieve similar results to APC in the following areas:

* Model for estimation and control of the sulfur content in diesel (Gas ol
Hydrotreating unit

« Optimization of the coke yields in the Delayed Coking Unit

Fully Integrated | Best in Class | Deploy in
managed Algorithms minutes

No software to install, Simple drag, drop and Built-in collection of best of Operationalize models with {
no hardware to manage, connect interface for breed algorithms. Support for | single click. Monetize in
and one portal to view Data Science. No need |R and Python for extensibility. | Machine Learning
and update. for programming for Marketplace.
common tasks.
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Machine Learning Architecture

A 4

LI M S ThermoFisher

IIIIIIIIII

v Laboratory data

Pl Server@ Opralog Q NICE @

Real-time data E-Logbook Natural Info Center
é/ %ﬂ/ é/ .ﬂ/ é/ (,
S D = D =D S

== Microsoft Azure @i@ A
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Machine Learning- Use Cases

« Find the optimal mixture of different feeds
into the Delayed Coking Unit (Residue
Hydrocracking Unit & FCCU)

) o _ Data analysis Azure ML
» Achieve minimal level of coke yield and feature predictive
selection for model building
modelling g and scoring

« Gas Oil Hydrotreating Unit unit product
sulfur content estimation based on

available data

Evaluation of results
and data visualization

Azure ML technology adaptation
compare laboratory, online analyzer,
APC and ML data
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Predicting Diesel Sulfur as a
In a Gas OIl Hydrotreating Unit
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Project Scope — Rough Method to Optimize Sulfur in Diesel

|.  Analysis of data to determine
the control variables which

has the highest effect on -

sulfur content in Pl AF to P

Machine Learning and then o\ | £

back to Pl AF . =

25.20 271

II. Determine the desired 2145 | 2550

intervals for each variable to m R—

control the output sulfur —

content | o i

w».«wwwﬁwm,m

X1 G ulphur |

lIl. Advanced model to (time
window based) to predict the
changes of the sulfur based
on the changes in the control
variables

Enulilll
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Time Shifted Correlation with Sulfur Content

Circulation gas to light feed Circulation gas density Circulation gas to heavy feed
0.19 -0.145 020
—— dirculation_gas._to_light feed —— dirculation_gas_density —— drculation_gas_to_heavy [feed
0.18 =0.150 018 —
017 -0.155
016
0.16 -0.160
014
0.15 -0.165
012
0.14 -0.170
013 -0.175 010
/_/
0.12 -0.180 0.08
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
R101 temperature difference R102 pressure R102 quench
-0.145 022 013
—— r01_temp_difference —— r02_pressure —— r02_quench
020 012
-0.150 018
0.11
0.16
-0.155 010
0.14
0.09
012
-0.160 008
010
008 0.07
-0.165
006 / 006
-0.170 0.04 0.05
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
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Prediction and Control Model

2.0

. @ actual ppm
. @ predicted ppm

5L

10F

05F |t

Change in sulfur content

(ppm) 0.0
in the last 180 minutes

—0.5}

Y EE B S SN U S e

Y O T

-2.0

2015.12.15 » 2016.01.1°
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Influence of Sulfur Content

o o
(=] (=]
(=] (s ]

ge in sulfur content (ppm)
(=]

change in sulfur content (ppm)
o
L=]

0.02 8
-0.1}
0.00
-0.2}
€ -0.02 . | I - — I . || I N I - |-
2 —-0.50 -0.25 0.00 0.25 0.50 -2 -1 o 1 2 3
[¥] . - - -
R102 pressure change (180 min time window) R102 inlet temperature change (180 min time window)

€ | E oaof ‘ '

a 008} g 010

2 S

T o006 =

@ c

- o 005

5 =

S o.oaf o
L=

5 s

= S

= oozt = 0.00} :
=

w o

c

o 000F 'QEJ

4 W —0.05¢ |

E—O.UZ— .1 I I | — = . | I | l L

=] -0.50 —-0.25 0.00 0.25 0.50 ] -2 -1 0 1 2 3

R102 quench change (180 min time window) ) R102 2nd bed inlet temperature change (180 min time window)
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Benefits from Production Support
« Gas Oil Hydrotreater Unit #1 product sulfur content

I . .. Quality giveaway decrease
« Tighter guality control
s :
-‘---'-l-'.-.-.:-;-‘-'---..-F‘-r---lT‘-':'-'--
£.a b — ut f

Operation time (in feasible
operation mode)

D o -...:o:‘-

o .. T . e e . e Fuel gas decrease
(AL W A _
$e o g Mo Wit Benefits from decreased fuel
L0l -UCL * Sample ~—Ave. gas consumption

« Effect of other empirical inferential

Maintenance of existing empirical inferential calculations 28.000 $/Year
(DGHTS3 Sulfur content, Cloud point, Pensky Martens FP, Gasoline EBP)

New empirical inferential calculations (E.g. NHT, Amine systems....) 70.000  $/Year

* Sum of possible benefit ~ $140K/Year

3
20

4495
47.000

ppm
%

GJ/Year
$/Year
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Predicting and Optimizing
Coke Yield in a DCU
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Azure Data Analysis Sample / Residue Hydrocracking Unit Flow to
the Delayed Coking Unit

° We tOO k CO ki n g CyC I es aS ;RHC MASS @MIX_FROM_TANKS @DAV2Dark Distillate MASS £ DAV2GOUDRON_MASS & DAV3GOUDRON_MASS @ propane deasphaltin gPEB MASS
the main aggregation unit
(in Pl AF) “

|

| lhu 'l‘» |

« Aggregated the input

| 1
1I\
|

\

hourly data to the cycles ) ;
from high fidelity Average of AAG Conradson Carbon (m/m %) and Average of IND KOKSZ HOZAM SZAZALEK by REFDATE
O p e r at i n g d ata A.CAverage of AAG Conradson Carbon (m/m %) @ Average of IND KOKSZ HOZAM SZAZALEK

« Matched the daily coking :

cycle data in Machine

vearning fo coxing &¥eles i {1 il vt ekt bk LM
- Data from 2012-01-01 to 2016-03-01
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Coke Yield Model

» Predicting the coke yield in percentage
« Discrete model, no time windows and time shifting
* GBR Algorithm (Gradient Boosting Regressor)

P e | | | Baseline (MSE) | Result (MSE)

e Observations

15 | . 0% prediction interval ] 2012-01-01 - 0.000513 0.000363
2014-12-31
2014-01-01 -  0.000702 0.000366
2016-03-03

MSE: mean squared error
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Coke Yield & Decoking Pressure Excursion Event

0010 in5_Feed_H101_Furnace_Feed )
noe7 Blue: coke yield (output value)

Red: coke steam/hot pocket event
likelihood

0.005

0.000

Mligeqold pajaipald

Output value

~In case of > 3100 t Furnace feed
/ oodo input the coke steam/hot pocket
event likelihood is increasing

-0.005

§ & 4§ & & & & & 5 35
Input value
o Blue histogram:
© Row count coke cycle
£ : :
. Between the 2550 - 2800 t intervallic
[+4 .
0 the coke yield could be decreased
0 without coke steam/hot pocket event
N g N © ;3? & s g N @ Event Frames is the monitoring tool
& & § & & & & S §

Input valui

(1]
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Machine Learning architecture — Future Plans

&
e | LIMS e

IIIIIIIIII

Pl client apps. Laboratory data
Pl @
—»I vstem I—-I Opralog G I—-I NICE @ l

Real-time data E-Logbook Natural Info Center

PI Integrator for BW

== Microsoft Azure @@, A
O

MOL IT Security approval required
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Conclusion
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Pl AF is a Powerful Tool to Deliver
Business Value from Advanced Analytics

COMPANY and GOAL

Deliver an Incremental $500M in EBITDA from the Pl System &
Pl AF Enabled Improvement Programs Leveraging Advanced
Analytics & Machine Learning to Support IOW, Forecasting,
and Proactive/Preventative Maintenance

N)(DSP

v
RESULTS

Aggressive New Downstream

and NeXt Downstream Program

2018 Objectives; Limited CapX }
and OpX:

Continue to Leverage PI AF to
perform Operating Windows,
Forecasting, and Machine
Learning with MS Azure:

»  Asset Reliability and Integrity

.« 1SO50001 Energy Forecasting Operating Windows
«  Process Alternative crude + Corrosion Advanced analytics

processing and optimize results * Hourly NG forecasting
in different yield structure « DGHT3 Diesel Sulfur Prediction
* DCU Coke Make Optimization

» Standard & Critical Integrity

975 - Operational availability

96,0%
6% A

5%
94,7%

94% T T T 1
2014 2015 2016 2017 2018

Supporting $500M EBITDA
New Downstream Program
2018 Goals - Examples:

* 1-2.0% reduction in PSA Pressure
Swing Absorbers breakdown in
Hydrogen production plant: $200K/yr

* Increased Mechanical and Operational
availability to 96.0 worth >$100M/yr
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Contact Information

Tibor Komroczki
tkomroczki@mol.hu

Process information and
Automation leader

MOL Plc.

@ osisoit. USERS CONFERENCE 2016 © Copyright 2016 OSlsoft, LLC 50




Questions

Please wait for the
microphone before asking
your questions ;

State your
name & company

Please remember to...

Complete the Online Survey
for this session

=~ | DOWNlOad the Conference App for
- = | OSlsoft Users Conference 2016

) [ App Store
* View the latest agenda and create your own

P Google Play

S HTML

* Meet and connect with other attendees

http://ddut.ch/osisoft
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; ZArgLICH B

Danke |
B Merci Gracias
S Thank You
:= Koszonom ~ BOBES
Cnacunbo Obrigado
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