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What is Presto-Kinetics?

» Open solver for... » Contains modules for... » Includes...

» Basic chemical kinetics » kinetics » A solver for partial

» Bio kinetics and systems » phase changes differential equations
biology > mass transfers > AJ;zrensev:ferrl;ZN multiple-

» Reactor models (batch, > particle erowth P y
semi-batch, continuous, P 8 » Sophisticated parameter
plug-flow, cascades) » reactor flows estimation based on unique

» spatial profiles algorithm

PRESTO-KINETICS




The Presto-Kinetics 11 user interface

Simulation

& [ Debug mede e % B Worohop 2] ] Actusiize graphs during PE
= . B 8 Gracongen o 5B, Show ass balance
reate R ow | Stat 1St etat ose List of open A [ Show scalein graphe
M [J Use condition windous RS LIS E ol
Quick simulatian Control Addiional nfa PE optians
W HE 8 =
B Project w p: D\ Develop' Presto] T\ Tutoria! xamples\00. First example ¢ o [@|=
=
e
I Graphic updste oer n seps, n = B | ModelSimudation | PE + Optimizat . .
odel/S mulation + Dptimization + 5ensitivity analysis
R [ Show graphic data - B
Cumpanris Liean ;i Sengs bNumeses | | ScistPeoent ay] P50 duta
Tope 5 Standad [ User ll‘ 5 =)
Subsance e Toee Rssctor Gioun e
Substarce Er " M Substances cel ()
Substance Cone [molf] Conc [mel) Cpr— ] fem)
Substancs § Prfiks
Subnance 3003} s0e4] B Hodiet
Subdtance 6004
Camporent 253 e
Comporent Zoe3 HWeow@ml = FTRE E H =]
ewp  Comporent .06 2004
B CelPressme  Comporent B FReacioer M Subatnces M Parameter Profies B Motues
1.5e-3|
00e0 502 L0e3 1@ ndes Hene ctve Giowp Educt]] Eariz) A Prodket]] Productz] Froductl] Cosficiert d
1003 Tmi =5 Kinebic o B v BO3 o HBD2 + HOBe B 0
Hod =]k Kinetic: ves B v HBO2 <3 THOB K2 [
5.06-4] [\ If\\ = Kinete vor B3 + B2 s v THEO2 K3 0
Conc fmolf] =N Kinetic yes ez o 803 + HoB: M o
B Prjectwe . Firt example tutoriah Gregonstorsm Ee= Bms Ehal L s 12 1B B L
d » Modelrsimulation @ Reaction step  of Oreganatoraml [=]® &l
o) Pecioes + Name. General kingtic 112D for elemenial specie: Gioup -
OBl = = R Paten  NIAT S+ 1AS €3 mlB1 + .+ mSBS
Mo Name Name [RecZ Resl BieHBi02<->ZHOB1, k2, 0
=1 hon Basic deinion | Addtonal
Rec2 =
[ mode T ['T) [T0=20) P [ba] [P0 =1.000) E 2] s L J 2 mh"‘ o I - |“h'
parsion angeranas () [0 T - it snea 1]
! L] O Kiowpow  [2 (MfEon |
sembaich v consant ~ [20 corstant ~ [1 o) - - E_J
- 2| W [He02 ] He u| |
=1 Reactorinpul
Componto. e . 3w L
{ | 2 [ |
Subetances  Partimas) MassesD)  Part(nok)  Moles = - [ |m L m (1
: s s i Y — T - —
i B rmel et iomer - S — — - =
802 LiNedd  LIedd  L00Sedd ;
4 o] = Hoer o o o o [ 5.7 Scaph [+Erihaz The stoichiomatis loctors s wangl
. Yo ce 7000003 7000003 502003  5000e02 5000602 1.0 oot
s 97601 9Te01  984R0L 97847 879647 100 Resctonlaw fun vt
Sum 10002400 995267 ighl e 1840e01
ok ) 10008400 DBt Geence. 10000023
B oo STE=
Maztapes i o
Tupe [Tme 5] Exit [eg] o Stepsze
¥ o - M 100008 Commere
> Irio 10 672000
> it
> i
o
o 4= Boch Forw @ (] Process Corhal | | EE”@“&; =hE oW Caneel Bacie
" escive shate
o = g Inpuk aloweed Spah
<
2 @ o o - nne - Backn || Fow o Cancal
Messages Integationdela  Mige Enaswemings | 26000eetd 260006403




Presto-Kinetics’ Features: An overview

Extended

Parameter
Estimation

Interoperability




Presto-Kinetics’ Features: Basic

» Comprehensive list of modules that can be combined
with any type of kinetics

» Sophisticated “all-in-one” model and project
administration, including handling of alternative
models and parameters, reaction groups, model
comparison and much more

» Dynamic outputs that reflect all structures of a
model by a configurable chart administration

» Comprehensive recipe modules that control the full
setup of a simulation and can easily be organized,
selected, edited and copied

» Open script interpreter with powerful commands for
user-defined outputs, reaction rates and equations
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Presto-Kinetics’ Features: Extended

» Model sensitivity analysis: different methods
» Recipe variation tool to compare process strategies

» PDE-solver for spatial profiles, e.g. in stationary
tubular reactors or concentrations in films or

particles

Extended

iT




Presto-Kinetics’ Features: Parameter Estimation

» Fitting of any number and any type of parameter

» Administration of any number and type of
experiments

» Comparison of any model and data type
» Global search algorithms

» Proprietary local search algorithm with correlation

analysis used for 20 years Parameter

Estimation

» Efficient uncertainty and sampling algorithms
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Presto-Kinetics’ Features: Interoperability

» Output of all results and data to Excel and text files

» Cape-Open interface to access thermodynamic tools,
in particular Multiflash by KBC

» OLE/COM interface to control Presto-Kinetics from
third-party software, e.g. Excel, Matlab, Python, C++

» Script export of core model equations (moment-

based) to Matlab or C o
) Interoperability

» User database for parameters and substance data to
organize model inputs
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Modular kinetics: Add one reaction step

This is the
translation of
N your chemistry
Select a N problem into
Presto-Kinetics

reaction Assign species
§h sp reaction steps

step w.r.t. the modeling
from the context
comprehensive list




Modular system for kinetics

Typical scheme Differential equations (ODEs)
A+2B—>C , r, =k AB’ A'=—r, —r, =k AB? —k,AE
2C— »D+E , r,=k,C? B'=-2r +r,=-2k AB* + k,AE
A+E—>F+B , r,=k,AE C'=r,—2r, =k AB? - 2k,C’
D'=r, =k,C?
E'=r,-r,=k,C*—k,AE
F'=r,=k,AE




Presto-Kinetics approach

vV v v v v v Vv

Single reactions derive their “own” ODEs internally

Once a kinetic step pattern is implemented and validated, it can be used again and again

Reaction rates can be arbitrarily complex

Equilibrium reactions are supported

All terms are superposed, even kinetic steps and abstract ODEs

All further terms are added automatically

Internal treatment of species is based on mol/volume

A+2B—5C , r, =k AB’

A'=—k rAB’
B'=—2k AB?
C'=k AB’

2C—% 5D+E , r,=k,C’

C'=-2k,C*
D'=k,C*
E'=k,C?

A+E—~5F+B , r,=k,AE
A'=—k,AE

E'=—k,AE
B'=k,AE
F'=k,AE
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Modular kinetics

» Select reaction step pattern from list using,
e.g. “General kinetic”

» Assign species w.r.t modeling context

! GSEELLC SiEulidiis |: B Reaction step  of Oregonator.xml EI = @
Fiter by sting | Name  General kinetic step for elemental species B ~]
Al Standard  Special 1 Phases P50 Piofiles Kinetic  Used in model et ) @ . o HELE &5 (e .  GRislEls
No. Mame Pattem Flow Moment's cl. Copalymeriz. Profile el (i =S T, (2 O
M1 ColectedFlow R1====> R2, k1[5cript) = split > i
B> ColectedFlowiow) R2. k1[Script) = split k3 Ne. i A order i mi B orderi 1
M3 CollectedFlow_direct R2 . k1[Script) = flowrate ® 5 3 e
B4 Ekmentabeaction A4 -5 L[+ D). k1 Fill L I T 105 L
W5 Flowlow) A ==3 B, k1[Script] = sphit * 2 | ‘ .l ‘ | .Ikg H .l | ‘
b FluidF sitStesm (ol k1S erint) = mass/time 2
M7 Kinetic R1AT 4.+ A5 <5 mIB1 + .. + mEBS 3 L \ | o I[ || | ‘
M asstranster [E].  K1[5cnpt] = mass/time
4 || H| |
M3 ODESystem [Seipty) | L] \ | [ H [ | \
B 10 ODE-SystemFeactor o = (S]] 5 L] \ | K backwiscipy | L [ \
M 11 PDE:Agglomeration UL+ ul] > wlee] L kT[S criptl )] yes »
W12 PDE:Agolomerationl Ul + uly] = w([x"3+y"3)™1/43) , K1 [Senpt2]*Sen yes X Select a
. property
M 13 PDE:Breakage Ul] > i) + wley], R (Seriptlx0) no ® Seript [+Erthany] |em B
M 14 PDE:Comnect Ui 1) = k1[5 ot vl i) yes % AR =8 new |
M 15 PDE:Convection dddb ufx k) = k1 * Scrpt]] * Scriptfx] * d/ds ulx.t) yes b . No.  Group Name Alias /DB link Reactor
M 16 PDE:Convection? ddt ulkt] = k1 * Senipt2(x) * déds (Serptluls.] yes = [ Equilibrium N - Sramine cal
M 17 PDE:Diftusion dddt ulx ] = k1[Serpt) * d™24dx"2 ulx ) yes X 2 Bro3 Bromate cel
M 13 PDE:Diffusion2 d/dt uixd] = k1(Serpt] * Sonpt2(x) * d°2/d2"2 ul... yes ® 3 HBro2 Sromous_acid cel
M 13 PODE:Dirichlet-left ul0LE] = k1[Seript{c]] yes ¥ 4 HOBr Hypobromous_...  Cel
M 20 PDE:Dirichlet-right ul=hdax.t] = k1[Script] yes ® 5 Ce Cerium Ccell
M 1 PNF-FredPrmfis ====1lIS rrintk T ====3 ulxl k156t = con uRs s 6 5 Salvent Ccell
Comment
Active
<
—
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Model administration — components

Various properties and settings (& Substance of Oregonatoram o] o s

ey e Namg |Br03 |
Comfortable editing oo s = imege
DB Lik | 83| Grou | ~]

Access to user-database

Reactar | Cell w |

General  Thermodyn, data  Recipe values  Comment

vV v v Vv

Extension by user-scripts possible

Substance data

Muol. weight 1.2800e-01 kg/mol
& Pormeter of testamml [ use database valus
MName |kﬂ | Parameter set: BasicSet D algebraic
Image:
Alias |kr1 ‘ =
D Link | o | -] Phase setting
(® Main phase
(O Own phase
(@) &nhenius expression
(O Reactive phase -

e ‘ W —
opt:Reflemp | | coelfinCeius Output
DV/R oS i
Overview

Temp. | asin reactor

I

[Juse DB ==

Comment

[esw ] [rwm || [O[&
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Dynamic output of results

Create your own chart selection

i Standard TubeVal Fiho_Cat1_kmol_m3 RhoGasCO New

Conc [malf1] DME coz2

— CO — COdat CgEEErQ?III] Conc [molf1]
Choose from a v 2onc| -
Lde-l 1.8e-3 3564
. 1281 1683 | et |
comprehensive ot 13 ol
. . 8.0e2 ool e |
list of graphical I I b o]
representations CR = s0e4] -

Graphs options  Points
A" Cha nges Of %+ ¢+ | B oo PR R e 2‘0'96%5‘:.50“2}[21 ] come Rz 2‘oéspm;£e-[g1 ] 606
. the graphical O o T .
Combine grap . Cone [mol] - cone [malf]
. representatlon Lo a.wy/-—,——

dlfferent can be done |ive General  Optical properties  Points 1,663 7.0e-14
graphics in one ! . O Distribution graphic (O Moment graphic (® Monte Carlo method 1':22: S:De-l-
(i.e. while e o . .l

C h a rt . . @ concentration @®Mn gh::nanegz:z i a0 ] B.DB_I -
simulations are Oveor Om fm o= 6064] -

. QOerc (O concentration Type 4.02-4 Oe-1

running) - R >

Compa re i il i — e | etz 20‘361:05136%}31 5 '
O molmass
to reference o All (or selected)
results from Otameme_ data can be
other simulations e exported for

postprocessing




Recipes: Overview

Recipes provide reactor operations and model scenarios
All inputs of all species are entered in recipes

Each project contains a list of recipes, only one is set to be the active recipe

>
>
>
>

Various feed strategies are possible — from a simple feed to control of properties

Basic defintion &5 Additional info ] Pracess Cantral

M Tube
Operation mode Temperature [*C]  [TO = 240,00000] Prezsure [bar] [P0 = 50.000] Exit gtream [I/g] T
tube reactor constant - 240 constant ~ 50 [none] 0. 00000&+00
E Reactar input
Composition of tank:  Feactar input bale parts and b
Substances Part (mass)  Masses [g] Part (male) Males Concentration [malfl] Maole mass [g/mole]  Density [o/1]
Co 5.081e-01 1.441e-03F  1.500e-0% 5.147e-06 1.758e-01 280.01000 323.14445
H2 4,377e-03 1.037e-05 1.500e-01 5.147e-06 1.758e-01 2.01580 2.368232
CH30H a 0 a a a 32.04200 37.55010
DME i] 0 u] v] u] 456.06900 53.98838
H20 a o} a a a 18.01500 21,11183
Cco2 1] 0 1] V] 1] 44.01000 51.57543
M2 4.0558e-02 9.612e-05 1.000e-01 3.431e-06 1.172e-01 25.01300 32.82851
Ar 3.470e-01 3.224e-04 £.000e-01 2.059e-05 7.031e-01 39.94800 46.81517
Catl 1] 0 1] V] 1] 101.96000 1000.00000
Cat2 a 0 a V] a 31.33900 1000,00000
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Recipes: Overview

Name lSemi1
Basic definiion [l Additionalinfo i Process Control °
B feed tanks with
a a0 0
Wemperalwe ['T] [T0=50] Pressure [bar] [P0 =10.000) : individual
|50 tan -
Temperature and ] | L= .
P e e — composition
eactor inpul Initiat M
pressure control et
. Composition of tank:  Reactor input
po s s I b I e Substances Part (mass) Masses [kg] Part(mole)  Moles Concentration [mol/] Mole mass [kg/mole] = >
H20 4,276e-0 i 7.933-01  500.00000 26.24658 1.800e02  |Absolute moles
1 2.375e03  5.000e-02  3.967e-04  2.500e-01 1.312e-02 2.000e-01 Mole parts
Is 0 0 0 0 0 1.000e-01 Eioncentratlons and volume
ass parts and total mole number
Ip 0 0 0 0 0 1.000e-01 Mole parts and total mass
IpFrag 0 0 0 0 0 1,000e-01 1.000e +00
M1 4,751e-01  10.00000  1.587e-01  100.00000 5.24932 1.000e-01 1.000e-+00
M2 4,751e-06  1.000e-04  3.173e-06  2.000e-03 1.050e-04 5.000e-02 1.000e+00
Mip 0 0 0 0 0 1,000e-01 1.000e+00
M2p 0 0 0 0 0 5.000e-02 1.000e-+00
Midrop 0 0 0 0 0 1.000e-01 1.000e-+00
M2drop 4,751e-02  1.000e+00  3.173e-02  20.00000 9.501e-01 5.000e-02 1.000e+00 q a2
In put can Seed 475102  1000e400  1.587e-02  10.00000 10.00000 1.000e-01 1.000e+00 Direct conversion
ct 0 0 0 0 0 0 1.000e+00 f . . t
c2 0 0 0 0 0 0 1.000e+00 OT various inpu
be ente red for Rw1 0 0 0 0 0 0 1.000e-+00 p
. . 0 0 0 0 0 0 1.000e-+00
species, particles Ve ; 5 : S 5 ; e types
a Rw4 0 0 0 0 0 0 1.000e+00
or prOflles Sum 2105010 630.25200
volume ] 21.05010
2 Exit
Time [min] Exit [ka]
Own chase Distr.
i 4= Backw | | Forw wp | ‘ & ‘ J U ‘ 1 =] ] | g Reactive ohase E PSD. ) Ok ‘ l Lancel
Input allowed Spatial profile

GT




Parameter estimation in Presto-Kinetics

Presto-Kinetics has the most sophisticated PE for kinetics

» Full project administration with many options and algorithms
» Adjust any number of parameters
» Use any number and type of measurements, such as

» Concentrations

» Other time-dependent data

» Methods include

» Gauss-Newton algorithm with proprietary extensions
» Simulated Annealing

» Bayesian analysis

V GiT




Parameter estimation steps

Perform Perform Perform
variation global search local search Optimize
and (box, and and control

Add Bayesian Apply
analysis and further
compute analysis
uncertainties methods

\Y/ETe
experimental
data to

sensitivity simulated correlation the results
model

analysis annealing) analysis

Parameter estimation is also called

parameter...

* identification \ ! y
. tun-lng _ p A
* calibration ‘@

e optimization




\WETe

Experiments in Presto-Kinetics experimenta
model
» One data set per experiment

(MDF)

Model/Simulation PE + Optimization + Sensitivity analysiz

B L
.o /= | Estimation ﬂ Optirmization

]

> Free aSS|gnment Of data COIumnS to (Scripted) U @l 1 | = | | = E stirmation defiritions [former * par)

t t d I d MHarne # Parameter # Robust parameter  # Act. data files
O u p u s ( m 0 e e Se n SO rs) Fittdinimall _Copy B 1] E
Teszt3Signals B
. . . Test3Signals_Ini2 5 1] 3
» MDFs are combined to PE configurations TosSiarat e ; ] :
TestISignals_TMES 5 1] 3
TestISignals_Ini2_TMBS 5 1] 3
TestISignalsGExp_THMES 5 1] B
Name |copo_batch_605_thin_p3 Test3Signals_TMBS_Langevin B 0 3
Additional control by key words
Measured data
1 | 3 4 5| & <
scale 0 1} 1} 1} 0
_ b d dat i ===
weight : = = = 4 eazured data  PE Batches  Optiong H
penalty 0 0 0 0 0 D0 R &2 -@j
pol L L L L g Measured data files in PE  Syunopsiz I —J
times total_Mw Ini_R_frac miwpct m2wpct TMESppm
1 3600 -1 -1 18.41851149 11.33177483 -1 M. MHame ' U.. linked in estimation...  linked to recipe
z 7200 - -l 15.71295619]  9.806010513 - 1 copa_bateh_B0S_thin_p3 = FitMinimall_Copy,...  copo_batch 505
g 10800 = -l| 1082765108)  8.5389624022 -t copo_batch_105_thin_p1 = FitMinimall_Copy,...  copo_batch 105
g 14400 i cl|  1220618%62]  7.549662055 1 copa_batch_905_thin_p2 = FitMinimall_Copy,...  copo_batch 905
5 18000 it CL 1L14499472] 6477149505 it copo_semibatch_505_MMS_f.. Fithinimall_Copy....  copa_semibatch 50,
g 21600 1 “l|  10.23570388 566726228 1 copo_semibatch_505S_thin_pl Fittdirimall_Copy....  copa_semibatch_505
] 25200 1 Cl| S.35951565| 5.361857303 1 5 copo_semibatch 5055 _thin_. FitMirimall_Copy...  copa_semibatch_50...
8 28800 -1 -1 7.917038163  4.626164083 -1
[} 32400 -1 -1 752108151 4.360596023 -1
10 36000 -1 -1 6.841002198 3.671480421 -1
39600 15.74812771  0.017256068  6.194027575  3.356177545  153.7808343
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Perform

o o o o variation
Sensitivity analysis and
sensitivity
> Pa ra meters are CO”Sldered tO be val"ammelerﬁﬁnﬁﬁm-\cnnﬁgumﬁnn uiDME_Fugacrtus_Database.rml.xml analySIs
distributions with given mean value and Name  Sensi
Standard deviation B Cosfficients Measured data @ Numerical settings &= Reduced direction 5= Se:
Mo Fit?  Mame Iritial walue in PE Prefactor(lk) Energy Moo B
i m: [ 2 2.000e+00
» Select parameters and edit standard —E AR 2000et0
. 4. L K1 1.000&-+11
deviation | k2 1.000=-04
. . . I K2 1.0008+01
» Monte-Carlo or Sigma-Point analysis ERv N 1.0002 03
[ ] k3 1.000e+01

describes the range of the model

[ shows only thoze which are to be fitted

» Advantage of Sigma-Point:only 2 - p + 1 it options
simulations required @ Fit this cosfficient with initial vale 10
Variation and sensitivity and Langevin
» Alternative for up to 3 parameters: variation Sgmafel) 02 use in varalion Uncertaintyin% 0
on grid © Gaussianprior 10 expected value [Langevin only)
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Perform

o 0 o . variation
Sensitivity analysis (cont.) e
sensitivity
» Six parameters: kgll,kgm, k{ll,k{m,rlz, T91 analysis

v

Initial values: 1000, 1000, 3 - 108, 3-108,1, 1

v

Perturbation using normal distribution (o = 0.2) You can also

Variation by o—point method (only 13 required evaluations) already add
data points

copo_batch_605
Mo.  Name Sigma total MW m2wpct
3 m1_podif
4 ml_poges 5.0e1 1.3e1
5 TDE_frac 5ot 1.2e1
— Ral-)
6 asl_M1i 1.1e1
17 total Mw 4.0e1 1.0e1
8 real_eff - I
Gis  aslmz el 9.0e0
10 asl_Mi_act... 2 et | 8.0e0
11 M111_triad 7.0e0
2.5e1
6.0e0
90% percentile 2 pel 50
B show :
1.45e1
() simple € to reference “0eD
3.0eD
percentile value S0 10e1 ®
Reference §.0e0 2be0
(Omean Qopti () median o é 1.0:0
0.0e0 503 1.Ded 1.5e4 2 .Ded 2 Sed 304 3 5ed 0.0eD 5083 1.0a4 1.5ed 2.0ed 2 5ed 3.0e4 3.5ed4
time time
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Perform
global search

Global search: Simulated annealing (box,

simulated

. foouf :
» Six parameters: kgll,kgm, ki ki, ,T12,7T21 annealing)

» Initial values: 1000, 1000, 3 - 108, 3 - 108, 1, 1

» 1000 evaluations with 1 and 3 batch experiments:
res, = 2.5%and res; = 12.5%

Mo, Coefficient's name Optimal walue  Lower lirnit Act, value L pper limit Coefficient’s name Optimal walue
1 kpllF 11284403 | 1.0000e+02  1.193%e+03  2.0000e+03 kp11.F B.0915e+02
2 kp22F 5.2120e+02 | 1.0000e+02  5.8454e+02  2.0000e+03 kpZ2 F 1.5902e+03
3 N2 1.1193+00 | 1.0000e-01 1.5735e+00  3.0000e+00 M2 E.728Ee-01
LE I 1.6938+00 |  1.0000e-01 1.8824e+00  2.0000e+00 r21 4.8649=-0
BB RHIF 21586e+08 | 1.0000e+068  2.2863e+08  1.0000e+09 kt11.F 9.7250e+03
BB kt2Z2F 40907408 | 1.0000e+068  2.48171e+08  1.0000e+09 ki22F 1.9605=+03
Residual
“alue

6.0 e0D

5.0 e0D

4.0 el0

3.0 20D

2.0 e0D

1.0 e0D

0.0 eDO

1] 128 256 384 512 G40 T6E 206
Steps of PE
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