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Convergence
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Background
Equilibrium Stages
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Convergence

Equations

* Mass and energy must be conserved
* The vapor and liquid leaving a stage must be in equilibrium

* The vapor and liquid mole fractions must sum to 1

Mass

M

E Equilibrium
S Summation
H

Enthalpy
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Convergence

Equations

* Number of equations = NT(2NC+3)
e Example if you have 20 trays and 20 components

e 20(40+3) = 860 equations

* Multiple non-blended petroleum assays feeding a 20-tray column

* 10,000+ equations

* Equations are nonlinear

» All of PRO/II’s distillation methods are iterative
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Non-Convergence

5-Reasons

1) Improper Damping

2) Unsuitable Column Algorithm / Estimation Method
3) Initial Estimates are too far / too close to solution
4) Improper or Infeasible Specs

5) Not Enough Iterations
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Damping
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Convergence
Newton’s Method

£(x)

Solution

0
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Convergence
Newton’s Method

“When you throw the football, only three things can happen — and two of em ain’t good”

Woody Hayes, Ohio State Football Coach 106

The same is true for trying to converae a distillation column

1) Converge
2) Diverge

3) Oscillate
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Back_ground

Potential Issues

AN Bad guess converges But better guess fails!

Periodic

O
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Back_ground

Diverging Sequence

F(x)
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Back_ground

Diverging Sequence

F(x)
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Estimates
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Estimates

P, P,
Py L
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Column Qr Qe

Spec’s

You supply column IEG calculates Solver (1/0, chemdist)

specs and guesses initial estimates for converges on solution
for a few variables... all column variables...
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Estimates

PRO/I - Colurmn
Help Qwerviem
Pressure Condenser...
Profile... P
<]_
Feedze ——|— — Heaters and
and J—)— - Coolers
Products. _. Trap :D@‘
B Hydraulics/ S
ONYErgence ing— nitia
Data... Pacl:kmg A E zstimates...
Tray
Thermo- Efficiencie ;]"' Pumparounds
dynamic —_—
Syztems._.
Rebailer... — Eerfu_lfr_nanpe
pecihications
< 7

E«it the window after zaving all data

Status Maotes

Column - Initial Estimates

Help

Overview

Initial E stimate Generation

b ethod:

Unit: |

Dreszcription:

|STRIPPER

MHumber of Stages: |

MHumber of [terations: |

Algarithm: Calculated Phazes:

Inzide-0ut | w |"-.-"a|:n:|r-Li|:|ui|:|

Ingert / Remove Trays...

Frint Options. ..

.......

EIK_ Cancel
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Canventional
Fiefinery
Chemical

Temperature E stimates

Condenzer: |

Top Traw:

|
Bottam Traw: |
|

Rebailer:

Reflux E stimate

| Bulk Liguid/Distillate [L/D] B atio

| g

OKwPFD |

Ilze product rates calculated at the |ast iteration

Initial Profiles

T MNet Yapor Rate...

Yapor Composition I

| Tray J I
Temperature ...

Liquid Composition. .. I

Met Liquid Rate_..

Delete All E stimates

Caricel Cancel ta FFD

E sit the window after zaving all data
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Estir;ates

SIMPLE
* Default for columns without a condenser or a reboiler or both
* The column profiles are determined by simple material balances.
 Temperatures are determined by estimating the product compositions.

Conventional
R efirneny
Chemical

CONVENTIONAL
* Default for columns with both a condenser and a reboiler
*  Works well with most columns
* Fenske shortcut distillation calculations are used.
* Strongly dependent on your product rate estimates

REFINING
*  Complex refinery columns (e.g., Crude, Vacuum, FCC main fractionator, Coker)

* A multi-product shortcut technique developed by Aveva is to generate the
estimates for these columns.

CHEMICAL
* Non-ideal thermodynamics (e.g., azeotropic and extractive distillation).

e Calculates of a series of adiabatic flashes up and down the column trays
several times as needed to generate a good composition starting profile.

*  Slow V=7,
|
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Initial Specifications
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Spec_ifications

Initial Column Setup

Feed Location
 Poor location can result in a compositional pinch that cannot be solved

Reflux

+ Should be safely above the minimum (simulation can become unstable as the
minimum reflux is approached)

Condenser and Reboller Issues

- Bubble point condenser with non-condensables
 Fixed duty limitations

« Specifying duties and reflux

xxx ERROR *xx The temperature of the TFIX condenser { 118 ) is ABOUE the
bubble point temperature of the condenser liquid { 97.335 ). ﬁV:VA
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Speafications

Temperature

Feed Temperature
« Convergence problems in the simulation might represent actual physical problems

Temperature and Product Spec on a Tray
- There is only a narrow range of convergence

Specifying Tray Temperatures
* Use only where composition changes significantly in the column
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Speafications

Products

More Than One
* Not all methods will solve (I/O is the best)
* Replace a compositional specification with a RRatio or product rate

Two Compositional Specifications for one Product
* May be impossible
« Has a chance if the relative volatilities are high enough

Same Component Specification in Different Products
+ Feasible but difficult

« Has a chance if the relative volatilities are high enough
« Difficult if the concentrations are small
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Speafications

Products (cont)

High Purity Specification
* Impurity specs are easier to hit

Compositional and Product Flow
* May clash
* Free one and specify something else

Specifying all Product Flows

* No freedom to establish a material balance
- At least one product flow rate should be allowed to float
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Speafications

Products (cont)

Infinite Solutions
*  Never use 0 or 100 in a specification

Unfeasible

« 300 Ibmol/hr propane in the OVHD - only 250 lbmol/hr feed
* Recover specifications are initially safer
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Types of Distillation

O Hange Help Owervies  Statuz Motes

¢ Slmple / Ideal Separatlon Pressure Condenser._. Urk; T1
. . Profile... ’ ; Dezcription:

* Wide and Narrow Boilers I R j— 2 |

FEEdS — 1 — Heaterl:s: anld

. an g — P oolers .

o Azeotrop|c Products. . Tray ;@‘ =2 MNumber of Stages: 22

E— Hydraulics/ Initial Humber of lteratians: 15

ONYergence ina-—. nitia
* VLE/VLLE Data... Pac{:kmg | Estimates... Algarithrn: Calculated Phazes:
Tray , —
. — P [hzide-Out * | " apor-Liguid -

° El@thOlytlc Thermo- EHIEIE"EIEZ’; Pumparounds W‘

g.'-'ﬂ:lmlﬂ — @ SLre eachons...

- ysiems. . —_— Chemdist

* Reactive nemdist :

Reboiler. Performance Liguid-Liguid jnt Options. ..

—— Specifications IE!EPFI'aEHI;:FIE.E.IliD
- Rate Based inlhhin a Cancel
. . . . Select the algorithm

« Liquid-Liquid =
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Mathematical Models

O Hange Help Owervies  Statuz Motes
* Inside-Out (I/O) Pressure Condenser... Unit: T1
FUE o ’ ; Dezcription:
e Sure — P 5 |
Feeds —| 1| — Heaters and
- Chemdist Products | Tray—— [T| L, | Mumoerof Stages: =
ray
E— Hydraulicsf Initial Humber of lteratians: 15
. . . . onvergence | Packing— nitia
° LIC]UId-LICIUld Data... a[: s | Estimates... Algorithm: Calculated Phazes:
Tray , —
= T [hzide-Out * | " apor-Liguid -
* Enhanced I/O Thermo- EHI[:IEH[:IE:]_; Pumparounds
g_'.ln:lmit: —_— @ W\Eﬂﬂtinn&..
yslEms. . —_— Chemdist
« RATEFRAC nemdist :
Reboiler. Performance Liguid-Liguid jnt Options. ..
] —— Specifications Enhanced |0
° El@thOlyUC RATEFRAC J Cancel
Electralytic

Select the algarithm
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Algo_rith ms

Mathematical Models

Choosing a column algorithm is based on two factors:
* The thermodynamic complexity of the chemical species
* The mechanical complexity of the column

Identical results are obtained regardless of algorithm used
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Algorithms
Inside-Out (1/0)

Robust
* Fast

No VLLE

Bottom

Sump

Reboiler

Sump

L

BTMS ‘ Re
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Error Sum < Tolerance

Algorithms No  Yes
Inside-Out (1/0O)

» Converged

Real
Thermo

O uter LOOp Calculate rigorous K(x,T,P), H(x,T,P)

A
Error < 2E-5
P No Yes |
-~ ~
Simple
Thermo

Iteratively solve the column equations using

In ner LOO p approximate thermo
K*(T,P) and H*(T,P).

A~ A
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Algorithms
Inside-Out (1/0O)

* To converge the inner loop the sum of the errors (Enth+Spec) < 2.0 E-05
* If the inner loop fails to converge and the (Enth+Spec) > 1, look for gross errors

* If the outer loop oscillates - the simple thermo assumption is probably not valid.

ITER 2 E(K) = 2.192E-81 E{ENTH+3SPEC) = 8_.474E-84 E({SUH) 4.18BE+08
DAMP = 8.086880E-81
INHER 8 : E(EHTH+5PEC) = 6.146E-82
INHER 1 : E(EHTH+5PEC) = 1.759E-82 ALPHA = 1.08684
INHER 2 : E(EHTH+5PEC) = 9.547E-83 ALFHA = 1.08008
INHER 3 : E(EHTH+5PEC) = 3.448E-83 ALFHA = 1.00608
INHER 4 : E(EHTH+5PEC) = 1.724E-83 ALFHA = 1.08888
INHER 5 : E(EHTH+5PEC) = 1.432E-83 ALPHA = 1.08684
IMNHER &6 : E(EHTH+5PEC) = 7.517E-84 ALFHA = 1.080608
INHER 7 : E(EHTH+5PEC) = 5.832E-84 ALFHA = 8.2588
INHER 8 : E{EHTH+5PEC) = 2.658E-84 ALPHA = 1.086848
INHER 9 : E(EHTH+5PEC) = 2.837E-84 ALPHA = 1.086848
INHER 18 : E(EHTH+5PEC) = 1.878E-85 ALFHA = 1.00608
ITER 3 E(K) = B F43E-82 E(ENTH+5PEC) = 1.878E-85 E(SUH) 1.185E+88

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Algorithms

Oscillations

Column - Convergence Data

@k Hange Help Owvervigw

~ Convergence Parameters
Dlamping Factor: | 'I.EIEIEIEI|
[amping Cutoff; I 1.0000e-003
Errar Increase Factar: | 1.DDDD|
Composition Yarakle Dption; I Log j
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ITER

ITER

ITER

ITER

ITER

11 E{K)
DAMP
INHER
INHER
INHER
THHER
INHER
12 E({K}
DAMP
INHER
THHER
INHER
THHER
INHER
13 E({K}
DAMP
INHER
THHER
INHER
INHER
INHER
14 E({K}
DAMP
INHER
THHER
INHER
INHER
INHER
INHER
15 E{K)
DAMP
INHER
INHER
INHER
THHER
INHER

I\ EFwmMmatm il EFh=tm | Fah=km | I = abham |l

- b=k

E{EMTH+SPEL)
E{ENTH+5PEL)
E{ENTH+SPEL)
E{EHTH+SPEC)
E{ENTH+SPEL)

E{EMTH+SPEL)
E{EHNTH+SPEC)
E{ENTH+SPEL)
E{ENTH+SPEC)
E{EMTH+SPEL)

E{ENTH+SPEL)

E(ENTH+SPEC) =

E{ENTH+SPEL)
E{EMTH+SPEC)
E{ENTH+5PEL)

E(ENTH+SPEC) =
E{ENTH+SPELC) =

E{EMTH+SPELC) =
E{ENTH+SPELC) =

E{ENTH+SPELC)} =

E{EMTH+SPEL)
E{ENTH+5PEL)
E{EMTH+SPEL)
E{EHTH+SPEC)
E{ENTH+SPEL)

9.865E-82 E{ENTH+3PEC) = 2.885E-086
1.00808E+088

L.21674E-083
1.79435E-83 ALPHA

3.28436E-84 ALPHA =
2.80296E-85 ALPHA =

3.73622E-B6 ALPHA

9.849E-82 E{ENTH+3PEC) = 3.736E-86
1.080808E+88

L.62395E-03

3.087634E-83 ALPHA
L.73324E-84 ALPHA
8.44629E-85 ALPHA
1.88291E-85 ALPHA

1.872E-81 E(ENMTH+3PEC) = 1.0083E-85
1.080E+88

G6.08867E-083
1.53412E-83 ALPHA
3.58182E-84 ALPHA

4.32519E-85 ALPHA =
5.34562E-86 ALPHA =
9._174E-82 E(ENMTH+5PEC) = G5 _346E-B6
1.0008E+08
E{ENTH+SPELC)} =

4.61421E-83
1.87726E-83 ALPHA

L.99844E-B4 ALPHA =

1.08458E-84 ALPHA
2.16836E-85 ALPHA
1.41765E-86 ALPHA

8.358E-82 E{ENTH+3PEC) = 1.41BE-86
1.6808E+88

4.58525E-83

2.89594F-83 ALPHA
4_4BS25E-B4 ALPHA
2.84930E-085 ALPHA
2.14828E-B6 ALPHA

Oscillations

E(SUHM) = 8.449E-31

= 1.08080E+08
1.000d48E+08
1.00000E+08
= 1.080088E+08
E(5UH) = 1.803E+080

= 1.08080E+08
= 1.080088E+08
= 1.00000E+080
= 1.080088E+08
E{SUH} = 9. 774E-M1

= 1.00000E+080

= 1.080088E+08
1.000080E+008
1.00048E+88

E{SUM) = 1.843E+08

= 1.00000E+080
1.000d48E+08
= 1.00008E+08
= 1.08080E+08
= 1.080088E+08
E{SUH) = 7.879E-31

= 1.08048BE+08
= 1.080088E+088
= 1.08080E+08
= 1.080088E+08
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Algorithms
Sure Method

This method uses a modified Newton-Raphson solution technique with equation partitioning
(proprietary equation tearing)

* Side columns are solved as recycles T T—
Help Owerview
. e e, e . Convergence Parameters Convergence Talerance
[ J
SomeWhat SenSItlve to I n Itla | eStI mates Compositional Averaging Factor: Ijl Bubble Paint:
Key Component; MEK. v Enthalpy Balance:
V4
e PA S a | Iowed Shap if no improvement after § iterations.
Component B alance:
([ ] T h e r m OSl p h O n S ( a S Of 9 . O) Homatopy Options for Convergence Specifications
Specification Final ¥/ alue Initial 4 alue | Mumber of Apply During
Intervals Control Loop
COL1SPEC 0.00000 |
 \/LLE COLTSPECZ 50000 | |
Convergence History. . |
QK | Cancel
Enter the number of iterations before stopping
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Algorithms
Sure Method

21
UNIT
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3.921E-84
3.351E-M
8.372E-M
2.659E-M
C.42BE-M
0.32BE-M
1.888E+88
1.888E+88
1.888E+88
1.888E+88
1.088E+0808
L.225E-M
2. 746E-M
1.080E+08
1.8808E+88
1.888E+88
6.5880E-21
2. 746E-M
1.088E+0808
1.8808E+88
1.888E+88

3.921E-84
3.351E-M1
8.372E-M1
2.659E-M
C.428E-M
0.328E-M
1.8008E+88
1.888E+88
1.8080E+88
1.888E+88
1.000E+88
1.8008E+88
1.888E+88
1.000E+88
1.80808E+88
1.888E+88
1.8080E+88
1.888E+88

ERROR{H}

-5 .528BE+M
-4 73IBE+M1

6.111E+01
F.B82E+M
.772E+M
2. 487E+M1
1.159E+31
4.924E+B8
2.883E+88
8.183E-M
3.423E-1

-8 .78B5E-82

Q. 172E-82
2.364E-82
1.342E-82
4.B862E-83
1.254E-83

-3.587E-83

1.808E+88 -1.662E-83

1.8008E+88
1.888E+88

2 SOLVED

-7 .3B1E-B4
-2 .68B5E-B4

ERROR{E)

-9.833E+M
-4 . 553E+M
-2.851E+31
-2.2ME+M
-1.4881E+31

-7 .B47E+B8
-3 .28B4E+B8
-1.552E+88

-6.549E-11
-2.712E-M
-1.835E-M1
-1.698E-11
-2.658E-M1

2.487E-82
2.425E-82
-9.632E-83
-2.133E-83
1.889E-82
-5 .291E-83
1.715E-823
4.588E-84

ERROR{H}
1.331E+83
F.389E+B2
5.176E+82
3.989E+82
4. 313E+82
L.982E+82
3.121E+82
1.936E+82
1.451E+82
1.289E+82
1.266E+82
1.168BE+82
2. 443E+88
1.2085E+88

-5 B1Z2E-M1
-3.715E-M1
-1.265E-M1
-9.593E-84
-8.748E-083
-1.847E-84
-5 .188E-85

ERROR 3SUH
6.226E+82
2.685E+82
2.333E+82
1.843E+82
1.878E+82
L.28B4E+M1
2.533E+M
1.289E+M
L.889E+M
1.978E+88
1.0845E+088
9.418E-M
1.611E+88
2.377E-M
1.681E-M1
JF.621E-82
1.501E-82
5 .338E-82
2.997E-82
8.595E-83
2.433E-83

AV=VA



AIgC)_chms

Sure Method

Advantages

* Two liquid phases may be considered

* A free water phase and water draws are permitted in columns at trays below the
condenser

* Total pumparounds are permitted

* Handles non-ideal interactions

Disadvantages
* Slow
* Need accurate estimates

* Side columns are handled as recycle streams

L}
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Chemdist

* Mechanically simple —thermodynamically complex

* It uses a modified Newton Raphson algorithm with a proprietary matrix solver

developed by SimSci.

* PRO/II checks the VLE trays for possible VLLE behavior. If VLLE behavior is detected,
the column may be resolved using VLLE system for these trays.

* No thermosiphons

* No PA’s

* Very sensitive to initial estimates
* Reactive distillation

* Azeotropic distillation

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

Help

Convergence Parameters

Overview

Convergence Tolerance

Column - Convergence Data.

Damping Factor: 1.0000 Bubble Paint: (.00 0000
Drarmping Cutaff: 1.0000e-003 Enthalpy B alance: 00010000
Errar Increase Factor: 100.00
Composition % ariable Option: Log b Component Balance: 0.0010000
Haomatapy Options for Corvergence S pecifications

Specification Final W/ alue Iritial ' alue Mumber of Apply During

Intervals Control Loop

Nat Supplied Mot Supplied |

Mot Supplied Mot Supplied

Mat Supplied Mat Supplied

Convergence Histom. .. |

ik}

Cancel

Exit the window after saving all data
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Chemdist

** WARNING =+ UNIT 1, 'W-18°', 'DEHYD COL' - TWO LIQUID PHASES have been
detected on the following stages that were declared with ULE
thermodynamic METHOD sets:

L1 FRACTIOHN

5 8.2912
*x WARNING ** Tray 5 has been CHANGED to ULLE thermodynamic METHOD set 2 to

TRAY

Scaled & Hormalized SOQRT{SUM{ERR==2})

Component Component Stage Average ULLE
Iter Alpha ULE M-Balance H-Balance SumX+Sumy Range
1 1.8088 3.887E-83 1.226E-85 = 3.152E-84 2.643E-18 1- 5
2 1.8088 7 .186E- B4 1.835E-06 = 3.774E-05 5.287E-18 1- 5
3 1.8088 2.273E-04 1.187E-86 = 2.119E-85 8.554E-18 1- &
4 1.8088 7. 215E-85% 6.053E-87 = 4.986E-06 = L.287VE-18 1- 5
Dverall HMaterial Balance Hot Satisfied for Component { 2) H20
5 1.8088 1.248E-95 = 3.043E-07 = 1.168E-06 = 5.911E-18 1- 5
6 1.8088 4. B77E-DB6 = 1.525E-87 = 4. 275E-8B7 = L.911E-18 1- &
Max - Error 2.198E-84 = O.590E-86 = 6.099E-806 = 2.220E-16
- Tray -- 3 - -- 2 - -- 6 —-
- Comp. TOLUEHE H20

* — Maximum error satisfies convergence tolerance.

UHIT 1 SOLVED
#x% PROBLEM SOLUTION REACHED
##* Run completed - Case solued

AV=VA
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Convergence
Errors
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Convergence Errors

Check the Column Profile and lterations Messages

COLUHN SUHHARY
—————————— MET FLOW RATES —--------—-
TRAY  TEMP  PRESSURE LIQUID  UAPOR  FEED PRODUCT
DEG F  PSIA LB-HOL/HR
1 194.7  20.80  3237.1 191994 7080.50
2 279.2  20.96 11864.5 2201.9
3 130.1 21,11  53462.4 10829.3
4 -16.5  21.27  2473.9 52427 .1
5 -23.5  21.42 0Q.90E+06 14387
6 -423.7  21.58  1939.7 9_90E+06
7 199.2  21.73  1835.7 9645
8 205.4  21.89  1835.4 0.5
9  485.5  22.04  1835.5 0.2
1@ 170.2  22.28  1035.7 0.3
11 1639  22.35  1035.9 0.5
1z 166.4  22.51  1036.1 0.7
13 177.8 22,66  1036.5 0.9
14 1983 22.82  1037.6 1.3
15 2247 22,97 2.4 70.20  1289.6L
*%* PROBLEM SOLUTION BEGIHNS
FEED FLASH BEGIHNS
FEED FLASH COWPLETE
UNIT 2 BEGINS - "SW§1 '
INMNER 8 : E{ENTH+SPEC) = 3.493E-81
CALCULATING HEW MATRIX
INHER 1 : E{ENTH+3PEC) = 3.411E-81 ALPHA = @8.8113
IMMER 2 : E(ENTH+SPEC) = 3.395E-81 ALPHA = 8.8143
INMER 3 : E{ENTH+SPEC) = 3.828E-81 ALPHA = @8.2412
INHER 4 : E{ENTH+SPEC) = 1.66%E-81 ALPHA = @.1855
INHER 5 : E{ENTH+SPEC) = 1.122E-81 ALPHA = @8.8391
INHER 6 : E{ENTH+3PEC) = 1.187E-81 ALPHA = -0.8345
IMMER 7 : E(ENTH+SPEC) = 1.882E-81 ALPHA = -8.1154
IMMER 8 : E(ENTH+SPEC) = 1.826E-81 ALPHA = -8.852%
INHER 9@ : E{ENTH+SPEC) = 9.828E-82 ALPHA = @_4426
IMMER 18 : E{ENTH+SPEC) = 5.795E-82 ALPHA = @8.3485
ITER 1 E(K) = 7.298E+82 E(ENTH+5PEC) = 5.795E-82 E(SUM) = 9_452E+@83
DAMP = 4_080E-81
=xx A FATAL ERROR OCCURRED ON ITERATIOHN 2
*%% ERROR HISTORY IS HOT AUAILABLE FOR THIS ITERATIOHN
*%% ERROR =%+ UHNIT 2, 'SWS1' - TEWPERATURE EXCEEDS LIMIT on tray 6.
UNIT 2 NOT SOLVED
*%% PROBLEM SOLUTION NOT REACHED

L}
A V — V A
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Convergence Errors

Check the Column Profile and lterations Messages

Partial - Default

ITER 4 E({K)

2.969E-83 E(ENTH+SPEC) = 7.89%E-86 E({SUM}) = 1.442E-82

DAMP = 1.848E+808
IMHER 8 : E{EHTH+3PEC) = 1.836E-84
INMER 1 : E{EHTH+SPEC) = 4_197E-85 ALPHA = 1.08080
INMER 2 : E{EHTH+SPEC) = 2.848E-86 ALFHA = 1.68808

ITER 5 E(K) 6.939E-84 E(EHNTH+3PEC) = 2.848E-86 E({SUM}) = 2.268E-83

All

ITER 4 E(K) = 2.969E-83 E{ENTH+SPEC) = 7.G95E-86 E(SUM) = 1.442E-82
COMPOHMENT ERROR: AUG = 1.135E-84 HAX(T 4 Yy = -1.231E-83
ENTHALPY ERRODR: AUG 6.871E-85 MAX(T 11, VAP ) = -2_.287E-84
K-URALUE ERROR: AUG = 2.969E-83 MAX(T 18, C 18) = 1.6849E-82

DAHMP = 1.808E+00
IMHER 8 : E{ENTH+3PEC) = 1.836E-8B4

SPEC ERROR : AUG = 9 _L4B4F-84 MAX(SPEC 1 Y = 1.678E-83

HBAL ERROR : AUG = 4.133E-85 MASK(TRAY 8 Y = -1.122E-084

TEMP CHAHGE: AUG = 7_998E-82 MAK(TRAY 6 Yy = 2.36BE-¢M
IMHMER 1 : E{ENTH+3PEC) = 4_197E-85 ALPHA = 1.8888

SPEC ERROR : AUG = 2.495E-84 MAK(SPEC 1 Y = 6.293E-04

HBAL ERROR : AUG = 4 _552E-86 MAX(TRAY 4 = 2.238E-05

TEMP CHAHGE: AUG = 7_138BE-82 MAK(TRAY &5 Y = -2 .721E-¢M1
INHER 2 : E({ENTH+3PEC) = 2.848E-86 ALPHA = 1.8080

SPEC ERROR : AUG = 9_952E-86 MAX(SPEC 1 Yy = -1.927E-85

HBAL ERROR : AUG = 5_467E-87 MAX{THRAY 4 Y = 2.365E-86

TEHP CHANGE: AUG = 1.5M1E-82 MAKS(TRAY & Y = 3.447E-02
ITER 5 E{(K) = 6.939E-84 E(EHTH+SPEC) = 2_048E-86 E(SUM) = 2.260E-83
COMPOMENT ERROR: AUG = 2_87BE-85 MAX{T 4 } = -2.855E-84
EMNTHALPY ERROR: AUG = 1.331E-85 HAX(T 18, VAP ) = -3.883E-05
K-UALUE ERROR: AUG = 6.93%9E-84 HAX(T 7, C 18) 1.678E-083

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

Celumn - Convergence Data

Help Owerview

Convergence Parameters

Convergence Tolerance

D amping Factor: 1.0000 Bubble Paint: 0.010000
Enthalpy Balance: 0.070000
Error Increase Factor: 1.0000 E quilibrivrn [K.-value]: 0.010000
Log
Homotopy Options for Convergence S pecifications
S pecification Final Walue |nitial 4 alue Mumber of Apply During
Intervals Control Loop
COL1SPECT 0.030000 |Initia||_l,l J
COL1SPEC3 R00.00 |Initia||_l,l J
Convergence History... I |
0K ta PFD | Cancel Cancelta PFD_ |

Exit the window after saving all data

Column - Convergence History
Help

Convergence History Print Level:

Print Colurnn Profiles in Kewword Input File Format:

Ok, to PFD 0k

Partial -
Maone -
|Nune J

Cancel | Cancel ta PFD |

Exit the window after saving all data
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Convergence Errors

* Unsuitable Column Algorithm

* Initial Estimates are too far / too close to solution

* Improper or Infeasible Specs

##% ERROR === UNIT 1, "D181', 'DEETHAHIZER' - SIHGULAR HMATRIX. Please check
input data for consistency.

xx% ERROR =*%% COLUMN calculations TERMIMATED. The convergence error cannot be
reduced using the newly calculated matrix.

x%x ERROR =*x COLUMM calculations TERMIMATED. Alpha { the damping factor )
was BELOW .81 For 4 consecutive iterations after 1% new matrix

calculations.

AV=VA

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



Convergence Errors

Not Enough Iterations lterations
* Especially if damping applied

* Check the printout

Bad Actor Components

. .
Water can SEFIOUSly upset a VLE methOd xx WARHING =+ UNIT & - WATER SUPERSATURATION DETECTED on 1 trays. Column
solution is likely to be erroneous. Rerun using the SURE column

* Insure that water is not condensing on any trays in your column with the FREEWATER (DECANT) option enabled.

PA’s can be Problematic
Specify Tray

* Fix rate and duty - calculate return temperature. |/ Liquid rate
* Excess cooling cause drying above PA return
—__Declare _Duty
as a Variable

* Remedy: Specify liquid flow above return tray and calculate pumparound duty

AV=VA
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Convergence Errors

Systems with Highly Non-ldeal Thermodynamics

* You need very good estimates

* Solve with a simple approximation and then use this for a new estimate

Evaluate the Column solution
* What does the temperature/ vapor and liquid flows look like

* What specifications have and have not been met

If the Column is in a Recycle Loop
* Ensure that the vapor and liquid traffic have been established

* Ensure that the recycle loop is at a lower tolerance than the units in the loop

H2

AV=VA
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Convergence Errors

Understand how Subsequent runs are Handled in AVEVA PRO/II Simulation

* PRO/Il ‘remembers’ product flow rates from previous solutions, and uses those to restart the IEG

* If the previous run did not converge, product flow rates may be very bad, and throw off the IEG for
subsequent runs

* Click on ‘Restore Input Data’ in the Input menu item E—

LIkl Hange Help Overview
r~ Initial E ztimate Generation  Initial Profiles
Method [Conventional [~

T Met Yapor Rate.

]

Humber of [terations:

RATEFRAC Dptions... | Vapor Composition

 Temperature Estimates | Tray

_........Jl

Condenzer:
Temperature ...

ILiquid Composition. .. | I

m T M m

Met Liguid Rate__. l

~ Reflus E stimate
|Bu|k Liquid/Diztillate [L/D] Fatio |;| Mass Transfer...

| 3.0000]

V¥ Usze product rates calculated at the last iteration

OKtoPFD | Cancel Cancel to PFD

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved. |E:-:it the window after saving all data
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Convergence Errors

Damping

* Check the messages for a read back on how the algorithm performed

ITER

ITER

ITER

ITER

ITER

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

11 E(K)
DANP
INHER
INHER
INNER
INHER
INHER
12 E(K)
DAHP
INHER
INHER
INNER
INHER
INHER
13 E(K)
DAHP
INHER
INNER
INHER
INHER
INNER
14 E(K)
DANP
INHER
INHER
INHER
INHER
INNER
INHER
15 E(K)
DANP
INHER
INHER
INNER
INHER
INHER

FUNSGD I TVMEFELONSD I FNSml PNl D FNa=m

9.865E-082 E{ENTH+SPEC) =
1.8008E+00

: E{ENTH+SPEC) = 5.21674E-
: E{ENTH+SPEC) = 1.79435E-
: E{ENTH+3PEC) = 3.28436E-
: E{ENTH+SPEC) = 2.88296E-
: E{ENTH+SPEC) = 3.73622E-

9.849E-82 E{ENTH+SPEC) =
1.8008E+00

: E{ENTH+SPEC) = 5.62395E-
: E{ENTH+SPEC) = 3.07634E-
: E{ENTH+3PEC) = 4.73324E-
: E{ENTH+SPEC) = 8.44629E-
: E{ENTH+SPEC) = 1.088291E-

1.672E-01 E(ENTH+SPEC) =
1.08088E+88

: E{ENTH+SPEC) = 6.00867E-
: E{ENTH+3PEC) = 1.53812E-
: E{ENTH+SPEC) = 3.58182E-
: E{ENTH+SPEC) = 4.32519E-
: E{ENTH+3PEC) = G5.34562E-

9.174E-82 E{ENTH+SPEC) =
1.000E+00

: E{ENTH+SPEC) = 4.61421E-
: E{ENTH+SPEC) = 1.87726E-
: E{ENTH+SPEC) = 4.99044F-
: E{ENTH+SPEC) = 1.08458E-
: E{ENTH+3PEC) = 2.16836E-
: E{ENTH+SPEC) = 1.81765E-

8.35BE-82 E{ENTH+SPEC) =
1.8008E+00

: E{ENTH+SPEC) = 4.58525E-
: E{ENTH+SPEC) = 2.89594E-
: E{ENTH+3PEC) = 4.48525E-
: E{ENTH+SPEC) = 2.84938E-
: E{ENTH+SPEC) = 2.14828E-

2.885E-86

a3

83 ALPHA
84 ALPHA
85 ALPHA
86  ALPHA
3.736E-86

a3

83 ALPHA
84 ALPHA
85 ALPHA
B85 ALPHA
1.883E-85

a3

82 ALPHA
84  ALPHA
85 ALPHA
86 ALPHA
5.346E-86

a3

83 ALPHA
84 ALPHA
8% ALPHA
85  ALPHA
86  ALPHA
1.418E-86

a3

83 ALPHA
84 ALPHA
85 ALPHA
86  ALPHA

E{SUM) = B.4349E-91

1.00000E+80
1.080000E+00
1.00800E+88
1.00000E+80
E{SUM) = 1.083E+88

1.00000E+80
1.080000E+00
1.00000E+80
1.00000E+80
E(SUM) = 9.774E-81

1.080000E+00
1.00800E+88
1.00000E+80
1.080000E+00
E{SUM)} = 1.043E+08

1.00800E+88
1.00000E+80
1.00000E+80
1.080000E+00
1.00000E+80
E{SUM) = 7.879E-91

1.00000E+80
1.080000E+00
1.00800E+88
1.00000E+80

Column - Convergence Data

Ok Fange Help Dverview

~ Convergence Parameters
Damping Factor | 1.0000
Lamping Cutaff; I 1.0000e-008
Ermar Increase Factaor: | 1.DDDD|
Eampozition 4 arnable 0 ption; I Log j

AV=VA



Convergence
Strategy
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Strat_egy

There are two ways of designing a process model
1) One way is to make it so simple that there are obviously no problems

2) The other way is to make it so complicated that there are no obvious problems

The first is far more difficult

L}
A V — V A
© 2021 AVEVA Group plc and its subsidiaries. All rights reserved. —
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Prodee Estimates =

—

Update Initial
Estimates -
PRO/I - Colurmn
Help Qverviews  Statuz Maotes
Erefs_fure Condenzer._. [t | Cam |
rone. - r X Dreszcription:
| |
Fesds —— — HeaterEanld STRIPPER
an g4—— L oolers .
B ducts Ty j{)@‘ T2 | MWumber of Stages: | 'IEl
Hydraulics/ — Mumber of Iterations: | 1E|EI|
Convergence | Packing =] Initial _
Data... - Estimates... Algorithm; Calculated Phazes
T
E;Ef:iencie; Inzide-0ut | w |"-.-"a|:n:|r-Li|:|ui|:| | o
Thermo- ]"' Pumparounds
dynamic —_ Insert / Remaove Trays...
Syztems._.

Performance
Specifications

Reboiler... —_—

N

E«it the window after zaving all data

Frint Options. ..

.......

EIK_ Cancel

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

Column - Initial Estimates

Help Owerview

Iritial E ztimate Generation

b ethod:

v
|

T emperature E stimates

Condenser: | EE.??E| F
Top Tray: | 3653
Bottarm Tray: | 4001 Ei| F
R eflux E stimate

|Bulk Liguid/Driztillate [LAD] Fatio e

| 03|

|Jze product rates calculated at the last ikeration

| i

OF. to PFD

Initial Prafiles

T Met Yapor Rate. ..

Yapor Composition

| Tray J
Temperature ... |

ILiquid Composition. .. |

Met Liquid Rate._. l

Cancel Cancel ta PFD

Exit the window after zaving all data
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Strat_egy

If the column is not solving, provide molar estimates

* Internally distillation algorithms converge on moles because VLE equations are written using moles

(not mass or volume)

Product Type of Product FPhaze Tray Hate

52 Owerhead Wapor 1 lb-rrolhr
53 Fixed Rate Draw Liquid 1 Ib-rmol?hie
54 Bottoms Liuid 11 Ib-rmol?hie
55 Ib-malhr

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Strategy

Use Stream / Unit Op Property Tables to facilitate convergence

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

=>

FEED

Stream Name FEED OVHD BTMS
Temperature F 150,000 148.771 225.423
Pressure PSIA 30,000 20.800 22970
Total Std. Lig. Rate galihr 4767.398 1873.178 A762.668
Total Weight Comp. Rates LB/HR
H20 25585.0000 1455.8653 | 31369.5008
N2 2.0000 2.0000 0.0000
coz 5.0000 5.0000 0.0000
H25 795.7000 TOE.EE14 0.0185
HCM 0.2000 0.2000 0.0000
NH2 8108.0000 8105.6951 0.3138
c1 3.0000 2.0000 0.0000
NCB 0.8000 0.6000 0.0000
NC3 0.4000 0.4000 0.0000
= ST
SWS1
Stream Mame 5TM
Temperature F 281.243
Pressure PSIA 50.000
Total Mass Rate LBHR 7240376
Calculator Name STMRATIO
Steam/Feed Ratio, Ib/gal 1.52

Calculator Name BTMS
NH3 ppm wt 10.00
H25 ppm wit 0.62

—
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StraTegy

COLUMN SUMMARY

Check the Column PrOﬂle —————————— NET FLOW BATES ————————-n HELTER
TRAY  TEMP PRESSURE LIQUID  VABOR  FEED PRODUCT DUTIES
DEG F  PSIG LB-MOL/HR MM BTU/HR
1c*  110.0 5.30 0.0 2832.0L —79.2914
1032.7W
2 269.3 8.50  8363.0 3864.7  6337.7D —49.9998
3 299.7 8.75  1956.0 5E90.0 6§337.7D
4 324.2 9.00  1929.5 5820.7
5  338.2 9.25  1735.8 5794.2
6  346.5 9.50  1563.2 5600.6
7 355.0 9.75  1352.6 5427.8  413.1V
g8  367.9  10.00 4.2 4804.3 1122.1L
9  389.1  10.25  5650.1 4578.0  4368.5P _43.9998
10  423.8  10.50  1182.0 5855.4 4368.5F
11 460.2 10.75 944.2 5755.8  385.9V
12 481.9  11.00 124.7 5132.1 601. 3L
13 500.0  11.25  4082.9 4914.0  3413.8P _39.9935
14  528.4  11.50 §47.9 5458.3 3413, 8D
15  560.5  11.75 484.7 5437.1  129.9V
16  574.0  12.00 0.0 5144.0 269.8L
17  585.9  12.25 0.9  49239.2
18 581.4  12.50  2610.2 4930.1  6548.6M 147.5795
19 580.0  12.75  2383.6  990.8
20  576.3  13.00 764.3 555.1V  2174.5L

L}
A V — V A
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Strat_egy

Use an Appropriate Algorithm

PRO/II - Column

ok Bange Help Owerview  Status Motes
Erefs_fure Condenszer. .. It S5l
rOIre... . 3 D ezcriptian:
] _—
Fﬂﬁds — | — ] — Healer[s: anld I
an — P oolers .
Products. Tray ;@A *21  MNumber of Stages: 15
Hydraulicz/ . MHumber of [terations: 200
Convergence | Packing .| Initial _
Data... — Estimates... Algorithim: Calculated Phases:
Tray —
Efficiencies. _. IS""E—ILI Y apor-Liquid =
Thermo- A Pumparounds m
gl'"ﬂmlﬂ —_— @ 5 e eachions...
ystems. . _e=n | |Chemdist
Reboiler.__ Performance Ligquid-Liquid int Options. ..
Specifications Enhanced [0
S | |RATEFRALC J Cancel
Electralytic

Select the algarithm

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Conclusions and Takeaways

e Start off simple

 Ensure you have the correct setup (IEG, Algorithm, Estimates, and Iterations)
 Examine the output for oscillations or divergence — use damping

* Ensure that all trays have vapor and liquid

1800 SimScil

* support.simsci@aveva.com

L}
A V — V A
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DZIEKUJE Cl . TAPADH LEIBH KEA LEBOHA
NGIYABONGA w I-u sasenanaa MISAOTRA ANAO E

DANKIE TESEKKUR EDERIM é WHAKAWHETAI KOE 3 2
TERIMAKASIH %5 DANKON TANK TAPADH LEAT o5
CNACMBO GRAZIE MATURNUWUN xeanasam MULTUMESC

PAKMET CI3l'E n)2e < FAAFETAI
GO RAIBH MAITH AGAT S wsdt GRAZIE lJS-“-’ < ESKERRIK ASKO

BAronaPA. GRALIAS ; THANKYOU TE$EJT(I?(3/§|I_E%ERIM

TUBJIATOAAPAM T || EYXAPISTO GRATIAS TIBI 'S OBRIGADO
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RAHMAT MERCI GRAZZI pakkaptr 5”13‘&'):3(:‘*[,1-" '-_-[ DI OU MES|
HATURNUHUN PAXMAT CATA SIPAS JI WERE TERIMA KASIH PAKUEN

CAM ON BAN Z UATSAUG RAU KOJ
WAZVIITA 2 gomom

SZONOM

KO
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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, whlch 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 or to reflect the
occurrence of future events.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
0 @avevagroup

ABOUT AVEVA

AVEVA, a global leader in industrial software, drives digital transformation for industrial organizations
managing complex operational processes. Through Performance Intelligence, AVEVA connects the
power of information and artificial intelligence (Al) with human insight, to enable faster and more
precise decision making, helping industries to boost operational delivery and sustainability. Our

. cloud-enabled data platform, combined with software that spans design, engineering and operations,
asset performance, monitoring and control solutions delivers proven business value and outcomes to
over 20,000 customers worldwide, supported by the largest industrial software ecosystem, including
5,500 partners and 5,700 certified developers. AVEVA is headquartered in Cambridge, UK, with over
6,000 employees at 90 locations in more than 40 countries. For more details visit:

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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http://www.aveva.com/

