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"Designed from the ground up, delivering the process digital

twin, to the next generation of process engineers"

AVEVA Process Simulation Mission Statement
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What is process simulation?

For chemical process engineers,

f=ob®
"EE
... who need a mathematical r=ce

representation of the chemistry, s 5

separation, reactions, heat 5%%%
transfer, and hydraulics, to00
2208
)
... to design plants, improve

operation, increase efficiency,

improve safety, and reduce
greenhouse gas emissions

— ™
AV = VA
—
© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.



A three-fold strategy for sustainable process engineering

How do process engineers rise to the challenge before us?

Engineering
Digital Twin

Must design new
processes much faster
than before to address
climate imperatives with
easier to use software and
collaboration.

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

Sustainability

The simulation must
predict greenhouse gases,
include capture carbon,
and prepare for the
hydrogen energy
transition.

Operating
Digital Twin

Put design models online
and combine with data
driven models for
predictive asset
maintenance.
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The Process Side of Digital Transformation

o Designed from ® Modern Architecture
the Ground Up ® Greater Connectivity (Pl System)
® Custom Models for New Processes

Delivering ® Design, Rating, and Dynamics
@ the Process ® Engineering Digital Twin

Digital Twin ® Operations Digital Twin

To the Next ® Groundbreaking Ease of Use
@ Generation of ® |Instantaneous Results

AV=VA
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The only simulator designed with the user in mind

The next generation of process engineer is not content with a simulator developed in the 1980s

Feature Description AVEVA Process Simulation Legacy

V) Continuously solved

Change from steady state to fluid flow to v e el status indication

UL dynamics and back with a single simulation

Flexible Freely swap specifications (without v « _
Specs controllers) Change Modes any Time
Continuously Solves whenever it can and keeps user v «
Solved informed
i i i Undo Changes

snapshots S.ave myltlple results with a single v " g

simulation topology
Undo First simulator with an Undo button and v «

restore a hidden snapshot = Change Variable Specs

Bt 05 by Checking Them

Model Write your own models or entire libraries v « Feed?
Writing by typing in the variables and equations

AV=VA
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AVEVA Process Simulation is disruptive

&l

Steady state
simulation

N

Dynamic

Hydraulics 2 =
YORIURC simulation

Navigation AVEVA
Process
Simulation

Smartphone

ﬁ

Utilities

Like the value of a smartphone is greater than the sum of the separate devices,

AVEVA Process Simulation is more than a set of single-purpose applications.

AV=VA
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AVEVA Process Simulation drives Digital Transformation

One simulation platform from concept to operations

50% reduction in
simulation effort
across the lifecycle

o Mechanical Specialist Electrical )
égm Engineering  Engineers  Engineering 'nNstrumentation

Steady state Process Engineering
DCS&Safety
Engineers

Collaboration

simulation Engineering

1@ internally and
Hydraulics S?")::ﬁ;gg:n x H j a eXte na I Iy
AVEVA \3 /
Process .
Simulation P&ID ey Piping/ Improved
& Controls T B A ] Structural : H
£/ OO L T E Engineering
ﬁ Workflow

||
In-house
tools

Utilities
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Plant Layout

Commissioning
Startup

14

Operations

Enables True
Digital
Transformation




Engineering Digital Twin
Shorten the engineering time to design sustainable processes

Engineering Data
A repository for all

Process Simulation
Single simulation that

engineers to collaborate Engineering serTamn &l ees o

keeping all data in one Digital neckline

zlace.. Based on data not g ) | | .. Space intentionally
e Twin e left blank

e Design verification and validation

* Global cloud collaboration

* Warnings if plant does not operate as expected
* Automated case execution
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Trends in Sustainability

AVEVA Process Simulation’s integrated Sustainability Capability

5 @ n

Greenhouse Gas Emissions
Use simulation to predict the
amount of GHG emissions so that
you can improve process design.

Carbon Capture

Energy Transition

All process industries must reduce  Transition from “Oil & Gas” to
the amount of equivalent CO2 “Energy” using renewable power

they release

and hydrogen

Circular Economy

Chemical companies must reinvent
portfolio of products with
sustainability in mind

e ——————

e e
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AVEVA Process Simulation Features

Greenhouse Gas Emissions in Economics Library Tihe Toiia] €07 eaufvslan @misons

D — produced by a process

Rey4

=
Rey4.F  59.0134 kmol/h
CIEl.Duty 259922 KW
512 = O S15.z[WATER] 0.342134 mol frac
E o4 54 “@ DecanterFeed ﬁ @ g S15.201PA] 0.642753 mol frac
@ 11 ovhd Fa1 El Feed and Products  Decanter $152[CH] 0.0151129 mol frac .. .
ot tzzroran 5 e The specific mass of CO2 emitted
3 Organic 154517 kmol/h
o Y y a process per mass of produc
Rilx Reyt P1 le s10 -1.07002 MMkeal/h T2.Lreflux 52.3 kmol/h
— 4»[\ e X M T2 RefluxRatio 0503185
" Sreess - HDR1 squeous 4%“ MMS:mm‘ j s1 @ Rey3 B T2 BoilupRatio 1.84483
e = FC3 P2 £
11
Feed.F 100 kmol/h ﬁ::l
[ SFeesd.F<[IPA] 65 kmol/h W oot sa5700 skeup . T»::)
[ SFeesclFelWAT 35 kmol/h [ T1.bo ! m| Fo. 0.625165 MMkeal/h s e
T1.Fboilup 250.827 kmolsh Makeup_CH.F 0.0650297 kmol/h cal — 15,035 kemalfh Th e S p e C I fl C Wa Ste p ro d u Ce d p e r
[ SNK1.z[WATER] 0.999 mol frac Efa cto r .
- unit mass of product
264634 kW s3 —’
Pure_IPA

2.27696 MMkcal/h

AVEVA Process Simulation - Sustainability Metrics

Efficiency Indicators Environmental Indicators Energy Indicator .
SustainabilityDash.Efacter 0.145862 SustainabilityDash.MI 227043 SustainabilityDash.TotalcOZe 115323 t/h SustainabilityDash.eta_e 00735659 T h e m a S S Of ca r b O n I n p ro d u ct Ove r
SustainabilityDash.CE 0.874156 fraction SustainabilityDashMP  0.0440446 SustainabilityDash.TotalCHa 1333199/
SustainabilityDash SustainabilityDash. Wi 00192378 m3/= SustainabilityDash.MUI 0.145862 SustainabilityDash.GWP 1.02814 kg/kg t h e m a SS Of Ca r b O n i n fe e d Sto C k
SustainabilityDash.TotalWimat 254667 /h SustainabilityDashFWC  0.0216233 SustainabilityDash. TotalC2Hde 0.548401 t/h
SustainabilityDash.TotalH20 242.542 m3/h SustainabilityDash.PCOP 0.0488914 kg/kg
SustainabilityDash. PCOI 00434977 kg/a
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Amines for Carbon Capture to turn Gray to Blue

Blue Hydrogen Production

*  Amines like MEA, MDEA are
adsorbents that can remove carbon
dioxide from flue gas and other
process streams.

* Amines are the technology that
turns "gray hydrogen" to blue
hydrogen using steam methane
reforming.

* AVEVA is leading the way towards
improved amine simulation to
accurately design the future
adsorbers to remove CO2 from
Traditional processes to make
them "blue"

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

Ca ke AVEVA™ Process Simulation = o
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? —— i S
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+ ~ ; :
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g Qs yiCO2] mol f
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o
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O 01 02 03 04 05 06 07 08 09 1
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New Rate Based distillation column using electrolyte NRTL
to model a CO2 adsorber with MEA
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Renewables for Green Hydrogen

Green hydrogen production

Example S52 - H2 Production via PEM Electrolysis O o2F 285779 Nm3/h
This example simulation demonstrates green hydrogen production using a Proton Exchange Membrane T [0 022102 0.947852 mol frac
. (PEM) Electrolyzer. Power is supplied to the electrolyzer from a solar panel array. The solar farm includes an p1 ’{:> . 147 T
[ ] BI u e H Yd roge N Stl I I h a S a CO 2 inverter for DC-to-AC conversion, a transformer to step-up the output voltage, and a rectifier for AC-to-DC £ [0 02:2120) 0.0521478 mol frac

conversion. The power and voltage to the EYPEM is controlled via an external DC-to-DC buck converter. x4 02 O oz.p 250 kPa
Since the electrolyzer operates with an excess of H20, an additional recycle loop is modeled to recycle

Waste Stream that must be water from the anode outlet to the inlet of the EYPEM. Q Ooar 79.0323¢C
removed and stored. ‘"

[ H2F 54.1772 Nm3/h

e Green hydrogen can be . . "= D

H2
produced through | [']w,m il oo gt
electrolysis with no CO2 Sate | s . -

@ sF14 “ [ MakeupH20.Q 17.3080 gal/h ‘!‘!'l Lt :

prOduced at d ” S Gl MakeupH20.P 10bar &) e L _ E EY1.A °v5393f2 m2
hos N MakeupH20.T L g“"“! z:::‘k o m::r
* AVEVA Process Simulation has (SIS, = RESMN e 101 [ty 2000 am2

N al V1 et . M evixH20 0.1 fraction
the renewables models for wind, Bidloggr
solar, and water electrolysis to
design green hydrogen plants and > e e (77—
n c1 T

c2 REC1T BC1

integrate them into your existing Brivee  20v

facilities.
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Hydrogen Value Chain

Model the entire hydrogen value chain from production to liquefaction

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

Liquefaction

FZFeed.VF
H2Feed z[OH2]
HzFeed.z[PH2]

0.5 kmol/h
120 kPa
298,15 K

1 fraction
0.75 fraction
0.25 fraction

76.2971K

LN2Ret.F 46,1465 kmol/h
LN2Ret.P 96 kPa
LN2Ret.T 87.9896 K
LN2Ret.VF 1.65935 fraction

36.381K

Compression

H2Prod.F 0.5 kmol/h
H2Prod.p 112 kPa
H2Prod.T 16.9661 K
H2Prod.VF 0 fraction
H2Prod.z[OH2]  0.00374553 fraction
H2Prod.z[PH2) 0.996254 fraction

H2Prod

36.0874 K
992 kPa

17.1023K

31.7198K

28 kPa
16676 K

Temp Trend  Stream Report

LN2F 46,1465 kmel/h
LN2.P 100 kPa
LN2.T 77.24K
LN2VF -0.0120697 fraction

Temperature Profiles

/T L

E1Temp £2 Temp £3 Temp




AVEVA™ Process Simulation
Version 2022 5" I

Renewables Library - -
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Deploying Online Models

How do | reuse engineering models
o F.'.|”Vi5ion (ﬁ.ﬂ @ New Display | m ‘ | (7]

. . . ¥ Sieam Tubine Demo - ST1 i
e Deploy simulation models online for
real-time asset monitoring and KPI .

8 >
calculations

Steam Turbine - ST1

¢ 16 ‘18
1.2068E+05 Y Shaft Power
20.301 MW

14221

* Backfill KPIs from historical data to
train predictive machine learning
models

176.78
2/9/2022 12:00:00 AM 1h 21972022 1:00:00 AM

* Connect with a range of applications
for alarm notifications, predictive
maintenance, and time to failure

Jgo00,100, ., o, o, o,

00
2/9/2022 12:00:00 AM 1h 2/9/2022 1:00:00 AM

. .
e Stl | I | at I O n 2/9/2022 12:00:00 AM 4] Now 2/912022 1:00:00 AM
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Al-driven predictive asset optimization

Combine engineering knowledge and machine learning for operational insight

Equipment Asset Dashboards
Sensor Data

n AVEVA ™ Predictive Time to Failure
Eiii Analytics
AL

* Bearings

Y Remaining Useful Life

Estimation (RULE)

% PI System Prescriptive Analytics

Performance Analysis

AVEVA ™ Process Impact Analysis
Simulation Pump NPSH
Efficiency
Compressor Head
HX Fouling
Instruments

Process Optimization

Early Warning
Notification System

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




Asset Framework accelerates digital twin deployment

AVEVA Process Simulation works with Pl Asset Framework

* Creating online models is !

._R_ead_- AF Compressor @_:er'atiaa |
escnption =,

tedious and error prone if

] _HV_DQ_SIE!\.“_Dl"_\As__set__ I\-‘._an_ag;m_en;

you must look up tag e

lame

. cé;;:‘r.essar_ic1||n|etp,e Tag Units. Sim Variable sjm Urite
numbers. R L PR L B
2 Eompressor_m“(,vpositim 2 K1.Speed pm
. LUmWSSOI_KllDuﬂet 1 - K1.IGy per
N . na\lﬂfﬁ = [ Compressor k1 EMperatyre k KiT cent
* AVEVA Process Simulation — : o gy €
EUE . P a
allows you to use Pl ——
v Rate Compressey ¢
Data : {W\ + 110utiet prege,,
o P Compr ) Lo
System Asset Framework b= * o e ey
UTac . + Sition
. ke SeWice D OMpressoy K1|Rcratmnalspm
Assets to quickly connect D
process models to online et

data
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Operating Digital Twin

Monitor and operate to reduce greenhouse gas emissions

Process Simulation
Single simulation that
perform all types of

modeling.
You’ll see why this =
space also left S
blank. T ey w[er
- ' . : . M

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

Live /Archived Plant Data
A repository of historical
data that explains how the

Operating

Digital plant is actually operating
Twin

Troubleshoot past operations

Provide soft sensors

Improve future operation and efficiency
Predict equipment degradation and failure
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Lifecycle Digital Twin for a Sustainable Future

Same simulation for Engineering and Operations enabled by a new process simulation platform

Engineering Data
A repository for all

Live /Archived Plant Data
A repository of historical

Process Simulation

, . . Process models of I )
engineers to collaborate Engineering custainable plants Op?r?tmg data that explains how the
keeping all data in one Digital Digital plant is actually operating
place. Based on data not Igita .
drawings. Twin e L e Twin

Shorten the engineering
time to design
sustainable processes

Monitor and operate to

reduce greenhouse gas
emissions

AV=VA
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Our current generation of plants were improved by evolutionary
designs over the last century, we need a revolutionary digital
transformation to design the next generation of sustainable plants
over the next few decades to achieve the economic success of the

current generation of plants.

The Sustainable Process Engineer Mission Statement

AV=VA



Stefan Millhoff

Presales Specialist — Simulation & Learning

* AVEVA

e stefan.millhoff@aveva.com

L}
A V — V A
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Q&A

For more info:
Stefan.Millhoff@aveva.com
Cal.Depew@aveva.com
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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. While these forward-looking statements
represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projected in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, WhICh reflect our opinions only as of the date of this

! presentatlon . !

Th'e Company shall not be obliged to disclose any revision to these forward- looking statements to
reflect events or circumstances occurring after the date on which they are made orto reflect 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 leader in industrial software, driving digital transformation and sustainability. By
connecting the power of information and artificial intelligence with human insight, AVEVA enables
teams to use their data to unlock new value. We call this Performance Intelligence. AVEVA’s
comprehensive portfolio enables more than 20,000 industrial enterprises to engineer smarter,
operate better and drive sustainable efficiency. AVEVA supports customers through a trusted

* ecosystem that includes 5,500 partners.and 5,700 certified developers around the world. The
company is headquartered in Cambridge, UK, with over 6,500 employees and 90 offices in over 40
countries. A 1 ’

Learn more at

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