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* Agile LP Vector Generation (REPSOL) .

* Introductions * APO application home page: centralized access

* APO installed base: Leverage Online Models * Object based Excel xIl add-in: simplifies getting

* Challenge: Reconsider the process the answer to “what-if

* EDI via web-API with proof-of-concept Excel:

* Objective: Simple, Adaptable, & Appropriate ,
leverage update to improve work process

* Solution: Automated and Understandable _ , _
* Solution analytics and explainer: Move to

* Summary: Benefits & Conclusions presenting answers rather than tools

Nice extension of online modelling for more value
(remember all models are approximate)
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Introduction —

Repsol REPJFOL

We are a global multi-energy provider working to drive the evolutiontowards a low-emissions energy
model.

* Global multi-energy company: We are present throughout the entire value chain and market a wide
range of products in 100 countries worldwide.

* Net zero emissions: We are leading the energy transition by being the first company in the energy sector
to set the goal of reaching net zero emissions by 2050.

* Innovation: We have launched more than 280 digital initiatives to improve efficiency and safety and
optimize resources.

* Atalented team: We have a diverse team of more than 24000 employees representing 70 nationalities
who work across 30 countries.

AV=VA



Introduction g —
REPSFOL

APO Installed base at Repsol

* Repsol have APO installations as RTO in all their
refineries

* There are CDU + VDU RTO close-loop
applications, conversion units (HCK and HDT +
FCC) RTO closed loop applications and refinery-
wide Utilities RTO open-loop applications.

* In total there are 6 close-loop applications and 2
open-loop applications (Utilities) commissioned
and 2 new applications under development. 3 of
them include LP Vector generation functionality.

L |
© 2021 AVEVA Group plc and its subsidiaries. All rights reserved. —



-

Challenge g -

Background: Repsol Previous Procedure for LP Vector Generation REPSOL

Obtaining reliable production plans and programs depends on matching the simulation models of the refinery units

with reality.

“ Backcasting (monthly) ‘ Static calibration of

the process model

‘ Test Run request Test Run

Identication of deviations

(yields)

According to analytical Process representative

needs for modelling Operation Development of the

. static rigorous model
Reality vs Models

A .P l
|
4 I Validation ‘ Development of the
Planning/Programming yelopnent of
! | Coeatand Clonal 1B~ Validation from a limited ‘Reﬁner consultations
Operations Local and Global LP number of cases (Planxing  Process)

> 3 months

) Programming/ Refinery
‘ Planning Production (Process/ Uc™m ‘ Technology Lab

Optimization Operatio V V
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Challenge s—

Background: traditional procedure drawbacks

1.
2.

|

REPSJOL

It requires a program of test-run execution to collect healthy data for vector calculation

It requires to Operations Department to keep constant feed and smooth operation for several
cases.

It requires mobilization of resources from Lab, Operations, Technology, Planning,...
It is very time consuming of the different resources: several weeks to obtain new LP Vectors

It requires model development and maintenance specifically for LP vector generation, this is
normally done by Technology group (a group that is not located in the refinery).

It is not possible to cover all the operation modes and situations (catalyst cycle life) with just
Test runs.

—
A V — V A
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Objectives —

Agile LP Model Updates REPSJOL

* The objective is to develop a tool that allows monitoring the variables of the process
automatically and calculate the performance vectors and characterization of the
productions in an agile way and with less effort.

* The agile procedure must be accompanied by a comprehensive visualization of the
qguality of the generated LP vectors that allows comparison with reality and selection of
the generated LP vector that best fits reality.
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AVEVA Solution

AVEVARTO

.4
REPSJOL

* AVEVA RTO model and infrastructure includes all the necessary components to generate
accurate LP vectors in a frequent and automatic way.

* AVEVA RTO continuous generated data allows the selection of the most accurate plant data for
LP vector generation minimising the risk of unpredicted factors in the test-runs.

* AVEVA RTO continuous monitoring allows detecting changes in the behaviour of the main units
due to the catalyst cycle, operational changes, etc. and being able to update the unit LP models
with greater precision and frequency: product performance and quality

—
A V — V A
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AVEVA Solution g

Current LP Vector Generation Procedure at Repsol with AVEVA RTO REFSOL

O N

/. “\fldentimmonofpw\/

“ Development of the model \
Continuous monitoring* 1. Non-representative real cut points

1. Definecutpointsaccordingto monitoring

2. Differentcritical operating

Continuous backcasting of
conditions (Real —Testrun)

yields and properties

Define new operating conditions accordingto
monitoring

___;;___
N

*availability of laboratory 3. ?grr:)c;;n;si:cge(gnMdcr)):)ouraceorEyvectors 3. Digital representation ofthe process plant:

\ data /\ calibration / \ Possibility of automatic calibration m/

|

Validation
4
Commissioninginplanning Validation with monitoring
models tool, multitude of cases

< 2 weeks

Refinery

. 4 Programming/
. Planning j Production Optimization ‘ (Process/O ucm ‘ Technologylab

perations) —
A V — V A
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AVEVA Solution y a—

Background: LP Update Usual Procedure REPSJOL

* Closed-form models are used to run hundreds of parametric cases, varying one independentvariableat a time to
simulate the response of all dependentvariables, then regress the large amount of data to obtainthe LP gains

* Due to the closed-form nature of models, the plant control relationshipsare not accurately reflected in the LP gains,
making regular LP validation difficult, and introducingadditional inaccuraciesinto the LP predictions

* Because thisis such a time-consuming and costly process, requiring weeks/months of work to re-correlate
the LP gains, such updates are made once every 2-3+ years.

Tar

* For this reason inaccuraciesstart accumulatingin the LP models over time Cat Light Cycle Ol

Wet Gas

* Due to shifts in unit operating points, catalyst activity / type, efficiencies, etc. coke

Cat Naphtha

tha
4| g
¥ =
W
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AVEVA Solution g

Enabled by Open-Equation Models, Sensitivity Analysis Tool, Link to LP Modeling Tools REPSOL

* When ROMeo solves the open-equation modelsit calculatesthe “Jacobian Matrix” containingall the derivatives
needed to generate the LP gains

* The ROMeo Sensitivity Analysis Tool (SAT) is then run to report out the LP gains
* It generates the “Gain Matrix” containing the desired LP gains between “Cause” and “Effect” variables

* The ROMeo execution sequence to update the LP gains for a process unit is shown below

* Allows automaticLP gain updates when needed (several times per year), instead of every 2-3+ years

iy i Dimer

1. Import Plant Data 2. Run DataRec Model Tuning 3. Run Sensitivity Analysis Tool to Generate LP Gains File

% AT Utility in ROMeo (2

i

Process Unit ROMeo Model 1 .
81y Oz, I Vms =
Jfﬁf[ﬂ i], . .
T dx | 8y P - = -
8z Oz,

point

Jacobian Matrix from DataRec Tuning

LP Gains .CSV File

SAT Configuration Fil
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AVE\K Solution A

Model Includes the Scope of the “Real” Plant, and also a “Virtual” Plant Needed for LP Gains -
REPJSFOL

*  The“Real” plantmodelcovers the full and detailed scope of the actual process unit

Feed characterization, reactor unit geometry/catalyst, product fractionation, product qualities, process control strategies

This degree of model fidelity ensures the model uses all key process measurements to tune the model correctly

The “Virtual” product fractionation model calculates gains the planning LP needs to optimize product cut-points
. Called “swing cuts”, they are that portion of a side-stream that can be cut into a lighter or heavier product stream

The DataRectuningstrategy ensures the “Virtual” model correctly predicts “Real” process unit responses for yields and qualities

. Product yields and qualities (SpGr, Distillation, ...) must be the same between “Real” and “Virtual” models
“Raal” o Py E= 8 w Wet Gas
Real M rIYInlih “Real”Main g e --,l'— “Virtual” Fractionation
RX-RGN TP ST VT ¥ Fractionator . =% 5 Joom L S . Swing-Cut Model
¥ WY : ¥ ™ o Naphtha
* ' _ Pressure® o 5. wNap
= Sippor Balance (?' o 5
-—— - 1 &
'"F:"! l = :
B LT Regen.‘7
- ‘ - A 3
~ 2 V[.Rlser - 'y
- g S

Fractionation
Tuning Parameters

;RS| urry

N———— ]
FEED SYNTHESIS FEED PREHEAT REACTOR-REGEN MAIN FRACTIONATOR L.E. SEPARATIONS —




AVEVA Solution —

Aveva Process Digital '-/
o _ _ _ Twin Benefits "WOL
Fits in the AVEVA Real Time System — fully automatic LP generation

: 7 .
Data: from Steady State Gross Error  |amemmell 1 .Faulty Instrument
Plant Detection

2. Material/ Energy
Data
Reconciliation
3. Performance

Monitoring

Real Time Optimization
(Cycle: 1~2 hour)

CV,MV NeW”
Set points Controller 4. Engineering

Optlmum Study
Setpomts S
Advarg::rirzzocess 6. Optimization }i Model Update
5.APC Gain LP
Planning Update

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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AVEVA Solution

Planning LP Updates Triggered by LP Accuracy Monitoring

e LP Validation Tool:

An Excel sheet with the LP sub-model and
latest ROMeo gains, linked to plant data

Plant data is imported for all “Cause” and
key “Effect” variables, to compare LP
predictions to actual plant trends

“Cause” variables are feed properties
(CCR, Dist., SG, Ni, V, ...), RX operating
conditions

“Effect” variables are yields, key
properties

Recent plots show good agreement of LP
vs. actual plant yields — can continue
using the current LP gains!

When deviations start increasing, it’s time
to update the LP gains using the ROMeo
model.

Tool allows the selection of most accurate
LP vector automatically.

Coke - wt% feed

/\ A

~
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ICN - wt% feed
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Project Implementation -

Implementation experience at Repsol REPJOL

* Main challenges of LP Vector generation implementation at Repsol:
* RTO and planninggroups at the refinery are different groups with different necessities and approaches.
* The plantscope for the RTO model and the LP model may be slightly different.
* The mass balance calculation of the LP model uses different assumptions from the RTO mass balance.

* The performance testing takes long due to the nature of the planningwork process: it requires back-castingto
assess the accuracy of the model at the end of each month.

* Key Points for Success:
* Close collaboration betweenthe AVEVA team and the Repsol planningteam.

* Project execution flexibility to consider that the performance assessment may take extended time due to the
nature of the planningwork process.

AV=VA
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REPSOL

Benefits & Conclusions

Very agile automatic LP vector generation that allows vector review and change on a monthly basis.

Reduce of the cost of the LP Vector generation to a few hours of a planning engineer.

The RTO model generates the LP vector so maintenance is included

The data generated by the RTO substitutes the test-run.

Early detection of LP prediction deviations.

Continuous LP vector generation in all different actual operation modes and situations.

—
A V — V A
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Questions? Please remember to...

Please wait for the microphone. Navigate to

State your name and company.

| —

STy oL

- .
ng o L
&1 s e e

Thank you!

L |
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New

Interfaces

for Improved Marginal Returns

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

APO application home page: Centralized access

Object based Excel xll add-in: Answering “what-if”
EDI via web-API: leverage to improve the work process

New fit-for-purpose interfaces to improve efficiency

Solution analytics and explainer:
Presenting answers rather than developing tools

Will distribute video demonstrations through Global
Customer Support Web-site by year-end

AV=VA



% APE) application home page

APO Optimization Monitor - Centralized access to results and new functionality

* Web based application health monitoring across a corporate network

 Typical tracking of measurement errors, objective functions, constraints, robustness, etc.

* Visualization for understanding (not a competitorto historians)

* Performance trending, performance monitoring, stream factors, equipment KPIs

* Centralization of access to new tools (mostly version independent)

* Status

* Responding to feedback from beta, updates in progress, will release in Q4

L |
AV — VA
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* AVEVA Process Optimization: “What-if” landing page

Centralized repository of template worksheets

AVEVA™ Process Optimization Q A @ O

(

[ gy | "3
@ Data Models . . V4
D’ TI1ECSD - Train 1 Exp Recompr down - Prasad
7 Ok HYP_E Case_T late. x| HYP 27/ Aprf2022
- -HCMp_ase_femprate. s ~T1HYSD - Train 1 Hi Yield Plant dow.. Patgaonkar '~ _
O
|_D Workbooks
G . /"
LGCSSD Tr-5 Lean Gas Compr down —- Prasad
8 0Ok LGC Case_Study_T late. xls 27/ Aprf2022
OMP-LAsestdy_Template s new LGCSD Tr-AS LGC down Without Tr-2..  Patgaonkar ' =
y$
TI1LPIPSD - Train 1 Low/Intermediate  Prasad
9 Ok LPIP_Feed_C sor_T late x| 27/ Aprf2022
—eedLumpressol_Template. st hote P feed Comprs Shut Down —.. Patgaonkar s .Ij.
@ Admin
y'§
NGLPMPSD - NGL Pump Shut Down - Prasad
10 Ok NGL_P Ti late.xls 27/ Aprf2022
—HMP-TEmplate. xsx Hone TINGLSD-Train 1 NGL Pump Shut..  Patgaonkar '+ _
§63 AP O
Demo,Compressor -
shutdown,Equipment Joe ] 4
< 11 Ok BuHasaExcelExample Sample Excel Workbook ) 14/dul/2022
shutdown,Feed Kovach o
COMDressor O M

AV=VA
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AVEVA Process Optimization: Data Models landing page

Centralized management and qualification of databases

AVEVA™ Process Optimization Q A O 6 it
® Data Models Data Models = Filter 4 New Model
Id Status MName Keywords Description Creator Created Date Actions

|_D Workbooks

GoodSolved_2019-10-  Balanced trains,600 2022.04 model regressed with data Mavya PR
5 0Ok 27/ Apr/2022
15 MMSCFD,Standard unit lineup  from 2019.10.15 at 20.20, total feed i... Mergu P 7 U I_D
i Mavya PR
6 Ok BuHasaExcelExample unknown online master model from 2021.10. Mergu 27/Apr/2022 O |_D
@ Admin
tems per page: 10 - - 2of 2

§33 AP

AV=VA
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Example of Excel “What-if” Workflows

Ml LTS

4 DPSCommon
ﬁ' CloseModel
4Gk DownloadCaseData
4G DynamicCollection
b ExecuteCase
lﬁ ExecuteThisTCL
4 OpenModel
43k ReadFromExcel
43k SaveDB
a‘ SetCaseDetails
a‘ UploadCaseData
b WritsToExcel

4 System Activities
b Add'3
= AddToCallection™
&k AddvalidationError
b And'3
&k Andiiso
ik ArgumentReference™

tanmdhr Balancs |-116.10 -116.10 tonmidhr
X * -16.51 -16.51 x
Gt Default data Run ASAE-T 141 50 case
Run BGC 151 50 caze Rum AS&E-2 241 50 cass

Fun BGC 291 50 case

Rum D Gas Comgr 50 case

ik ArgumentValue1
i ArrayltemReference™
b ArrayltemValue™1

& 252
Selactsd G 46 AssertValidation
Aol Assign

[@) CancellationScope
G Cast’2

. ClearCollection™1

-~

Configure WF Task Pane

Casefctivity
., Flowchart
Start 1 ReadFromExcel
Cells = "CM_MACROS"8I8"
At Assign
ModelMName = Cells(0.0). ToString(}
A Assign
ModelDate = DateTime Parse(Moc
1 OpenMode!

1 SetCaseDetails

1 DownloadCaseData

[ET]_ el n Wbl A

Variables Arguments  Imports

Expand &ll Collapse All

-~

AR Ass

Model’

1 WriteToExe

"CM_Macros™:

1 WriteToExc

"CM_Macros™!:

Run Staih 1X2 S0 case

Rimn RGLC 1596 50 case

Burm Stab 227 5D case

Rum RGIC 395 50 case

Rum AGC 153 Tr-A 30 cazo

Fum A5AB-03 Feed st case

Eun AGC 1532 Tr<B 50 Lass

Rum &0 EX/RC 50 casa
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Excel “What-if”

verall Flows

heet and Data sheets

OVERALL SCHEMATIC For XXXX

Ler... ] IEANCAT To BowERCER
[arszn [Eailezra  [mnscrs T
[ | [47.32 _ Thmnzcrs |- e~ ! [ .'
— (45035 [tontiey | (i} X083
wrees
[EST R XTI [Eaz.57 [-are. |
— [4279.98 T1ontiey | wrees T —
L merL T WA
[e5.73  [nnsci |
xT] L
T A B H ! T
cas
7|15,1 RunMacro CM_AS0_DivGas_SD ModelName ASABIRTOGoodSolved_2022_08_04_00_00_|
8 16,1 CM_ASABI1_RGC196_SD set 296C101 [GetValue /ASAB-1/GAS-REINJECTION-COMPRESSION-UNIT/296C101:0nOffStatus intVal] ModelDate 8/4/2022
[erce 1.4 [a5z.18__ [nnzcrs |
Lee<o 7.1} m\tﬂ]ﬂ 9 (17,1 RunMacro CM_ASAB1_RGC196_SD ModelTime 0:00
B . : :
anCe e ASESCIATES CAT —t TR.g 001 08,1 CM_ASABL RGC296_SD set 296C101 [GetValue /ASAB-1/GAS-REINJECTION-COMPRESSION-UNIT/296C101:0n0ffStatus intval]
@—. 19,1 RunMacro CM_ASAB1_RGC296_SD POPULATE DEFAULT and DataRec CASE
apce mem asseciaTED ca3 FF TR-2
_mnn_m - 20,1 CM_ASAB12 SD # Prepare MVC_AddOptVar_ASAB WorkFlow Id 1
31211 RunMacro CM_ASAB12_SD Status 1
4122,1 CM_ASAB2_AGCA_SD set contls [dict create Last Run Date 2022-08-05 11:31:30
523,1 RunMacro CM_ASAB2_AGCA_SD Run TimeSpan 00:06:11
6 (24,1 CM_ASAB2_AGCB_SD set contls [dict create IsActive FALSE
7|251 RunMacro CM_ASAB2_AGCB_SD
8)26,1 CM_ASAB1_Feed_CUT Diagnostic "Running macro for ASAB-1 Fed cut"
RunMacro CM_ASAB1_Feed_CUT Sweet Gas BGC Shut Down
0128,1 CM_ASAB03 Feed CUT CM_27ZTX7104_SISO 27ZTX7104\ WorkFlow Id 2
b 1]29,1 RunMacro CM_ASABO3_Feed_CUT Status 1
rerrrmm) 30,1 CM_ASABO3_EXCMP_SD RunMacro CollectionOnDown FS:Collection\\\[CM_ASABO_DVCMPY\\] 0 Last Run Date 2022-07-16 16:39:14
I3 1 311 RunMacro CM_ASABO3_EXCMP_SD Run TimeSpan 00:06:56
o ittt e [ B TRUE
Ran 86 192 5D eme a3 30 0 cnfl
&
: : SOUR Gas BGC Shut Down
8 WorkFlow Id 3
9 Status 1
0 Last Run Date 2022-07-16 16:45:08
1 Run TimeSpan 00:05:54
2 IsActive TRUE
mﬂmmh FALSE FALSE 3 3
. o ¢
~QutputConfig | CM_MACROS | ASAB-03 ASAB-1 ASAB-2 COverall_Case Reinj Comp Booster Comp .
] 1
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Excel / Web API

Primary use case: “What-if” analysis (all solver modes) in an RTO plant environment

* Robust to changes in Excel layout
* Macros in Excel improve compatibility as models evolve

* Size is only limited by Excel — have run with thousands of tags

* Slow on retrieval but display responds withing seconds
* Version independent, COM/DCOM or Web API (local vs web)
* Streaming diagnostics for model status

* Used on several projects, development is ongoing

AV=VA
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% EDI via Web-API:

AVEVA Process Optimization 2022 and later

* Persistence is Text Based
* |t is accessible independent of the MAServer and Real Time System

* Exploring Alternate Interface — Excel Proof-of-Concept to understand use cases
* Editfile in Excel, export to text, EDI in the MAServer or RTS will update according

* Data can be accessed from the Excel through the Web-API or browser-based tools

* Deploysindependent of Process Optimization for pre-release testing and support

* Next step, solicit input:

* for “measurement functionality” in EDI and purpose-built GUI for configuration

AV=VA
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* Solution Analytics and Explainer

Comments only

* Long term effort with the ultimate goal being a report stating “why it did what it did”
* Interim solution is a tool for investigation that produces understanding

* Analytics is undergoing review with customers and subsequent revisions

* Review consists of using the tool for a problem investigation, the customer learns the technology, development learns the
characteristics of the problems and by observation, better ways to meet requirements — it is an ongoing process

* Important points: Solution Analytics is mostly independent of the APO version. Some
modes execute completely independent of the server. Most new functionality does NOT
require changes to the MAServer or the Solver.

AV=VA
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* Summary

* Video demonstrations through Global Customer Support Web-site by year-end

* Input on specific topics such as the best way to solicit and collect feedback, organization of
material, depth of technical discussion, use and possible distribution of sample problems,
techniques for presentation (e.g., keyword searchable transcripts, voice generators), etc.

 Builds on current engagements with customers in terms of support and agile development

* New interfaces and tools are provided as part of standard software maintenance

Innovation requires a cycle of feedback, learning, and adaptation to achieve adoption.

AV=VA
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Please rememberlto.. —

Navigate to thi V e mc d
State your name and company. -

/A

Questions?

Please wait for the microphone.

Thank you!
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This presentation may include predictions, estimates, intentions, beliefs and other statements
that are or may be construed as being forward-looking. Whilethese forward-looking statements
represent our current judgment on what the future holds, they are subjectto risks and
uncertainties thatcouldresultinactual outcomes differingmaterially fromthose projected in
these statements. No statement contained herein constitutes a commitment by AVEVA to
perform any particularaction or to deliver any particularproductor product features. Readers
are cautioned not to place undue reliance on these forward-looking statements, which reflect our
opinions pnlyas of the date of this presentation.

The Company shall notbe obliged to discloseany revision to these forward-looking statements to
reflect events or circumstances occurring after the.date on which they are made or to réflect the
occurrence of future events.

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
Q @avevagroup

ABOUT AVEVA

AVEVA is a global leaderin engineeringand industrial softwaredriving digital transformation across
the entire assetand operational lifecycle of capital -intensiveindustries.

The company’s engineering, planningand operations, asset performance, and monitoring and
control selutions deliver proven results to over 16,000 customers across the globe. Its customers are
supported by the largestindustrial softwa re ecosystem, including 4,200 partners and 5,700 certified
developers. AVEVA is headquartered in Cambridge, UK, with over 4,400 employees at 80 locations in
over 40 countries. \

aveva.com
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