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Optimization-driven design fora
sustainable process plant
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About ESTECO S.p.A. Our products

ESTECO is an independent software company, highly specialized in
numerical optimization and simulation process and data management. modeFRONTIER

Our technology brings modularity, ease of use, standardization, and
innovation to the engineering design process.

The leading software solution for
simulation process automationand
design optimization

Our customers and industries

r— 3
A al
Embraer Mahindra ,_a ~a I[' |

Leonardo Takenaka

Automotive and Aerospace Architecture, Engineering
Lockheed Martin Bouygues Ground Transportation and Construction pr—
Raytheon Construction . L \
Bombardier AEE LAN, I B
Stellantis Bajaj S i E‘
Ford BASF frdustral Equment = e
Hornda Cummins \ . . .
o . 3 The innovative enterprise platform
oyota _ ‘ ( E 4 . p
Volvo Cars Whirlpool R ﬁ‘] for Simulation Process and Data
Corporation Sony Healthcare Consumer Goods Electronics Management (SPDM) and dESIgn
- optimization

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

<




What we will see today

How to design a sustainable process plant

Challenge

* Governments have started to
impose regulationson greenhouse
gas emissions in additionto the
existing regulationson water, and
toxic pollution. Manufacturing
companies are looking to make
their operationsgreener.
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Solution

* An interface between the AVEVA
Process Simulationand
modeFRONTIER has been created in
order to optimize the process
parameters with the aim of
reducing the Chemical Oxygen
Demand (COD) in the wastewater
and the cost.

Benefits

* We could reduce Chemical Oxygen
Demand (COD) by ~70% and the
Cost of 16% with respect to the
rough baselinedesign in just a few
days.
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Challenges designing a Ethanol distillation process plant

1.
2.

environmental load

Benzene
Ethanol up
to 80%

—

The separation of ethanol and water is complex because ethanol/water mixture forms an azeotrope; several
distillation sequences are described in the book Separation Process Principles (J.D. Seader)[1].

Need to find cost effective distillation sequences, operational and design conditions while reducing the
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AVEVA Process Simulation

How to develop a next generation program to enable true digital transformation?
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Digital Transformation

Designed from the ground up, delivering the process digital twin, to the
next generation of engineers

Designed from the * Role-based user interface » Replaces single purpose \
Ground Up e Continuously saved solutions
e Open model writing
® Multi Core Solution » Reduction in Simulation Effort
Delivering the across the lifecycle
() Process e Design, Rating, and Dynamics
Digital Twin ® Industry Asset Libraries » Collaboration internally and
e Design Digital Twin externally
e Operating Digital Twin

Groundbreaking Ease of Use » Addresses Sustainable Process

To the Next _
Generation of Instantaneous results Design
Process Engineers e Python scripting enabled

» For True digital Transformation
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Trends in Sustainability

AVEVA Process Simulation focused on Four Areas of Sustainability

XX

Greenhouse Gas Emissions  Carbon Capture Energy Transition Circular Economy

Use simulation to predict the All process industries must reduce Transition from “Oil & Gas” to Chemical companies mustreinvent
amount of GHG emissions so that the amount of equivalent CO2 “Energy” using renewable power portfolio of products with

you can improve process design. they release and hydrogen sustainability in mind
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Simulation model with AVEVA Process Simulation

SimSci Thermodynamics

S ST
[@ OperatingTimePerYear 8000  hr
379722 kW
Eqn31  Preconcentrator.DutyCond = -T3Cond.Duty Eqn25  EntrainerRecoveryDutyCond = -T2Cond 1 P2YOutTime 3

T3Cond.Duty 99034 K//s M BZprice 285 USD/gal

T3CondA 182371 m2 061073 kW }ﬁm[’“w ngg;”'{;

= TiCond.Duty 100204 k)/s TotalCost 0104073 USD/kg

TiCondA  427.818 m2 ColCost 1.12588 M USD
Q cecerons HxCost 267437 MUSD  EqnHx HxCost = totalize("HxCost")
= ’Q_’ff’ R e 00 s TotalEqCost 380025 MUSD Eqnot TotalEqCost = ColCost + HiCost

Electricity = EconSummary1.TotalElectricityCost * 8000 * 3600 / 1000000

ColCost = totalize("ColCost") + totalize("IntCost”)
TotalCost= (TotaléqCost / PayOutTime + BzCost + SteamCost + Electricity) * 1000000 / Product

[ RecoveryETOH 099999
Eqnl  FEEDAZO.FC[ETHANOL]/S1.FCETHANOL] = RecoveryETOH

600 kmol/h

EntrainerRecovery.Dcol 120128 m

AzeotropicDcol ~ 2.87498 m EntrainerRecovery.Hcol 472m
Azeotropic.Hcol 885m EntrainerRecovery.RefluxRatio 1
Azeotropic.NStages 15 EntrainerRecovery.NStages 8
Azeotropic.FeedStage[ 1 Ent

rainerRecovery.FeedStage[S13] 4

Azeotropic.BoilupRatic 5

Preconcentrator.RefiuxRatio 1
Preconcentrat 1.96192 m
Preconcentrat  531m

Eqn2 COD = 209" {ETHANOL] / Q
cop 509.549 mg/L

0.0537425 kW

: H ey A WasteWater.z[ETHANOL] 1536.08 ppm
SB2{BENZ! H
: ' . ﬂou posine x ;’“ 4 WasteWaterWe[ETHANOL]  0.0318934 kg/s
E 0 O 0 d S | : 136020 kmoly - ETOHZ{WATER] 3916536-5 moe fraction . O M d | .
quation-Oriented Solver : = : pen Modeling
‘
H : '
. PreconcentratorDutyReb = T3Reb.Dutys Azeotropic.DutyReb = TIReb.Duty . :’;:cmmﬂm= Lt
. T3RebDuty 12888 K//s ! TIRebDuty 978661 K/ ' Ry LN
: TRebA  573932m2 ' TiRebA T 2314 m2 : T2Reb A 10515 m2
H : '
- : '
. ' .
. ' .
. ' .
‘ :
» | R | [p— »|

[ EnergyConstant 1E+6 Btu/MMBtu  For Natural Gas
™ RequiredE 1028 Btu/b Feed Water Temperature : 200F, Operating Pressure 150psig
& NaturaiGasCost 25 USD/MMBtu
E Combustest 0857
BzCost 324236 MUSD  BzCost=BZQ"1000/3.785°3600 Year*BZprice/1000000
TotalDuty 702031 MMBtu TotalDuty=(T3Reb.Duty + T1Reb.Duty + T2Reb.Duty)/1.05506"3600"OperatingTimePervear/1000000
- TotalSteam 764672E+8 Ib/year  TotalSteam = (SteamT3W + SteamT1.W + SteamT2.W)/0.453592"3600"OperatingTimePervear

—
l SteamCost 229312 qysp  SteamCost= onstant . 100000¢ —
5,(., Product 6.54208E+7 kg/year Product = S8.FCIETHANOL]"3600"Operating TimePerYear "46.069

Electricity 000629657 M USD



Model equations with AVEVA Process Simulation

The Total Annualized Cost (TAC) is
calculated as function of an
annualized form of total capital cost
and the total operating cost.

* Operation Cost
e Steam:\5222/10° kcal (Next Page)
* Benzene : \2.85 USD/gal (2015 ICIS)
* Operationtime: \8000hr/year

* Equipment Cost Cost escalation, interest, location
* Payouttime : 3year factor is not considered here.
e Column (Efficiency is assumed as 50%)
* Material:SS
+ Column: $ = (957.904) (1) 40802 D1966(2.18 + Fy,F,)
+ Internals: $ = (97.243) (“25) H1D VS5 (F, + F, + Fyy) Baseline Results
* Heat Exchanger * COD: 340.2 mg/L
. §= (47467) (M&S)AO65(2 29+ (Fa+ Fy)E) * TAC: 0.14188 [USD/kg]

* Product: 6.5727e7 [kg/year]
* Purity: 0.99125 [molfrac]

QJ Marshaland Swift Index [5] (M&S) = 1250 + 25(Year — 2005) AV:VA



MmodeFRONTIER in a nutshell

The leading software solution for simulation process automation and design optimization.

AV=VA



Process Automation Design Variables

mmm
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\ T1ER “gp T2RR ‘op J T1BR O = 3 1 15 Azgotropic column boil-up
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Start AVEVA Process Simulation End T2NT O -~ 9 6 16 1 ]Eene‘tga;?aegri(:ecovery column
© a @
T2ET Qo - 4 3 12 1 EntrainerRecovery column
total number of tray
[123)
" - = Puelly T2RR 0O = 1 1 3 EntrainerRecovery column

reflux ratio

Entrainer flow rate [Kmol/hr]

0.01 2

AV=VA




Process Automation Design Conditions

¢ Constraint Condition

* Solved

* Product Ethanol Concentration >99 wt%
* Objective Function

* TAC (Total annual cost))

* Environmental Load (Ethanol concentration in the waste

water)
¢ Algorithm
* pilOPT -> 500 designs
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Domain Investigation

Input Domain Output Domain

Input Domain %
OPT MOGA LAST V12 2021-10-30 9:17:34 AM
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Domain Investigation
Input Domain

Input Domain
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Domain Investigation

Input Domain

Output Domain

Input Domain Output Domain

X
OPT CDAAlcohol V12 2021-10-27 10:43:57 PM i
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Genetic Algorithm S ;|

110 © .

We used the MOGA-II algorithm to evaluate more 900 » %

o
designs. = s ‘ 2 ;
The Genetic Algorithm found 8 interesting designs on § . -
the Pareto Front. 3 I . . ™
100 ; = . . .
Plant performance is often determined by factors that
are difficult to predict in the design stage. These 95
factors, known as uncertainties, may include
manufacturing errors, material property variation, or
eXternal Conditions in Wh|Ch 3 given prOdUCt iS 0.118 0.1185 9.119 Costel;:‘l?s 0.12 0.1205 0.121 2.1215
operated in real life. i
RID_CAT BZF TI1BR TINT T2FT T2NT T2RR Cost Purity Waste
[ 0.10530 5.01072 5.0000 3.00000 0000 285240 0.120857 0.997302 100.107
Robust analysis avoids opting for designs that perform 8 0106813 501772 140000 300000 130000 276008 0119377 0991313  100.265
We” on paper but Under'perform in real ||fe @5 0104266 3501072 S0000 3.00000 6.0000 285240 0.120849 0997285 00249
conditions, o 0.144902 5.01590 40000 3.00000 900000 277452 0.118632 0992168 02.398
T 01443902 5.01590 40000 3.00000 $.00000 277304 0118624 0992170 100.357
6 0.106813 501772 40000 3.00000 0.0000 276008 0118397 0991305 01.043
8 0.105321 5.01072 5.0000 00000 20000 285240 0.119840 0997302 100.134
— @ ° 0.112385 5.01758 40000 3.00000 600000 275600 0.118116 0991347 105.006
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Robust Analysis

Input Domain

Output Domain
" == \"\ . L ettt ODR
r//"/ \\'
\ ] . |
\l > | Categories
A
\ . | 2 o
\ . /k\ [7 & g o’ .
| | 100 3 @
PNy, : s ;
/. l' S &
< < x> :
Nominal Design \_v/ 6
Normal Distribution

Robust Design
Cloud of points (fluctuations) generated with normal distribution
around the nominal point.
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Point respects the COD regulation but also all the points that
simulate fluctuations in the input.
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Results
° Best
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Conclusions

Using modeFRONTIER to analyze design simulations results from AVEVA Process Simulation gives
some insights about the direction of the design and reduce the execution time of a parametric

study thanks to its algorithms.

modeFRONTIER® identified several good designs that satisfy constraints and reduce
environmental impact and total annual cost (TAC)

A probabilistic analysis helped to reject one of the eight designs present in the Pareto Front

Days of engineering work can be saved
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Questions? Please remember to...

Please wait for the microphone. Navigate to this sessionin t

State your name and company.
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Simone Genovese | - Yutaka Yamada .
Project Manager “rjf PEOJECt Manager

genovese@esteco.com = s R R t- vuta e e 9
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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. 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 outcames differing materially from those projec.ted' in these statements.

No statement contained herein constitutes a commitment by AVEVA to perform any particularaction
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, wh|ch reflect our opinions only as of the date of this

! presentat|on

The Company shall not be obliged to dlscloseany revisionto 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
O @avevagroup

ABOUT AVEVA

AVEVA is a global leader in industrial software, sparking ingenuity to drive responsible use of the world’s
resources. The company’s secure industrial cloud platform and applications enable businesses to harness
the power of their information and improve collaboration with customers, suppliers and partners.

Over 20,000 enterprises in over 100 countries «rely on AVEVA to help them deliver life’s essentials: safe and
reliable energy, food, medicines, infrastructure and more. By connecting people with trusted information
and Al-enriched insights, AVEVA enables teams to engineer efficiently and optimize operations, driving
growth and sustainability. *

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions
* and the expertise of more than 6,400 employees, 5,000 partners and 5,700 certified*developers. With
operations around the globe, we are headquartered in Cambridge, UK and listed on the London Stock
Exchange’s FTSE 100. \ L ’

Learn more at

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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http://www.aveva.com/
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