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Column Rating and Cost Estimation in ChemSep

Eile Edit Insert Flowsheet
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IEcRan 1040 Cone-t ez lbype: ChemSep

status: solved

Solved in 7 iterations to 0,000001
Reflux ratio = 0.33 ()

Qrondenser[1]=-35.9989 (MW) RR=0,33 (maolar)

Water mole Fraction = 0.01 (-)

Qreboiler[8]=30.567 (MW) BR=1.211989 (malar)

Recoveries: Water | Ethylene glycol

T[1]=52.35 (C) p[1]=0.14 (bar) Top: 0.993741 | 0.0000141436

T[4]=64.37 [C) p[4]=0.146667 (bar) Feedl: 0.994066 | 0.753131 Feed2: 0.00593413 | 0.246869

T[8]=138.53 (C) p[8]=0.16 (bar) Bottom: 0.00625885 | 0.999986
Section 1: M252Y D=3.99 (m) H=4.2 (m)

N [ —

H=Document Explorer | & Wateh

Ready

ColLaN2017

= e BT —d 7 L
Stream Raw EQ Rin Rout Conc1 | Section 2: M250Y D=+.24 |:m:| H=3.57 |:m:|
Pressure 35 0 20.9997 9 .
Temperature 25 170 211851 197.48 178, Total hﬂlght—m-33 {mj
Flow rate 10 551.000 551,000 385825 251 |:k$,ll :|= =
Wass frac Water 0545455 0.603017 0.873688 0819872 [ Total Annual. Cost ¥r 6098
Wass frac Monoethylene glyca 0 6.82076e-08| 0.115728 0.165358 0.253683 0.577508 0934283 099079 2.04036e-05| 1.18991e-13|  1.01508e-22 TE®
Wass frac Diethylene giycal | 0 6.350%< 13| 000982750 | 00140424 | 00215419 | 00460441 | 00se7ee2 | 1.01672=11] 0.9808 000105885 | 4.70887e-08
Wass frac Triethylene glycal | 0 10038713 0000402241 0000703351 000107800 | 000245851 | 000200508 | 351574e-11| D.001B1137 | 0884417 0.440281
Wass frac giyeal| 0 7.77372e-15| 1.77356e-05| 25342605 | 3.89763e-05| 8.85091=05| 0000107842 7.37472e-18| 1.14083-08| 0.00462354 | 0550719
Wass frac Bhylene oxide 0464645 00909765 | 0000233808 1.79988e 00| 640776e08| 1g@40le12| 1.11888e24| 0 [ 0 []
apor phase
WolecularWeight | [ [ [1ea07e [ is4248 [ fe.147 [ 5aa27s [ aiam Jios.i1z [14a.857 [157344 [-
Liquid phase . .
WolecularWeight [22e320 [ wooaeo | wosie [uem0 | 22208 [F28251 [ eaaia | e2oa Tioe.77 Tiz0281 [i7201 E Overlald n |ages not to same Scale
4 | _>l_I
Saved EG_IECR48p10840_with_controller.fsd |
] Log | ) solved | 20 warnings
cap|num



Column Rating and Cost Estimation

in ChemSep

Eile Edit Insert Flowsheet

Plot  View Add-ns Window Help
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EG Recycle

ocument Explorer G Watch

Editing unit operation Dehydrator

= uiaterd o
: e |
Glycol Reactar
2 2 I=3—
ChemSep (TM) (CAPE-OPEN) - Dehydrator .
File Edt Check Tools Help
[ e S [ o S B u 2
. 14,
- jEAPE-DPEN Tables | Graphs | McCabe-Thiele rating | Dehydratar
Title ) B
e Components Quick column rating: 'E 5
.o Operation Reference ChemSep CO Unit O Insert | Remove Auto | Vendor tools - .
£+ Properties h [oEc o
Default internals Sieve 211 j' Section 1 2 |
[ System factors | [grart stage 4 8
7
e Default system factor & Koch End stage 3 7
b Analysis  Norton Internal type M252Y  M250¥
s
o Pressures Deafult fraction of flood [075 | ¢ qoctied | [5momm ro ] b g DEG+) 2 =
«f Heaters/Cooler: Default eff l"— ol ek 0.75 075 MEG Recycle
j”ﬁf‘?“['ﬂ BB T Efficiencies Method slope equilibrium| Ethylene gly Water a0,
- Column specs C Duss-Taylol | [Efficiency estimated __[0.21 0.44
B Results Default height lig. feed (m}0.8 @ Traditional | [HETS estimated (m) 2.068 0.916 3
Tabl e TEG+
;ﬂ ::S Sump residence times (s) —% rafme[er = g?gi g g:; e
apacity factor (m/s] .
Reboil |20 Product [200
McCabe-Thiele
g g'am“:t;m'“" {m) ; & :24 MEG DEG TEG TTEG+ | unit .,
" ™ Show details | | esign stage 0.201538 0.01 0.01 0015 bar
- Units 3 Deslyn Copy Height section (m) 4.2 357 5 208 117,058 150814 170,887 =
. Solve options Diameter (m) 4.24 37702 547040 0255513 | 0015304 [tanih I
Paths Height (m) 10.38 0.00020076 | 0 0 [ ==t
0.90079 2.840362-05|  1.18991e-13| 1.01508e-22 TES
101672 11| 080800 000105605 | 4.70807e08
e o tomal e b OpenChemSeUI to see
— 737472-18| 114083208 000452354 | 058710
P = 0 0 0 [
o 5 W rati Wi
1381 108,112 140857 [GE = ne ra n ane COS
Uptime (hrsiyeary  |B160 | [ | [
Materials 1 Carbon Steel vl i2 038 [to8.177 150281 [17201 [- . .
M&S Index ($) 1400 eSt” I |at|0n
Fuel price ($/G]) 8 (1 bbl oil = 6.1 GJ)
Al | |_’| | »
T R R T T e s Z |
] Log | ) solved | 20 warnings |
[car|num
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Column Rating and Cost Estimation in ChemSep

A Desire to compare process lineups on economic basis
- Need for basic cost information in PME
- Actual cost calculations performed in UO

A Simple cost functions ithemSep
- Sum costs of vessel, internals, and heat exchangers

- Add energy cost (but pumping costs ignored here)
- To be documented

—Simple column costing

ACCR (1/year) |["-3‘2 Copy Shell TIC (k$)

) R160 Internals TIC (ks) 338
L Condenser TIC (k§) 1643
Materials I | carbon Steel »| |Reboiler TIC (ks) 1477

1400 Condenser OPEX (k$/yr) |74
e b Reboiler OPEX (k§/yr) _ |4770
Fuel price ($/G]) |El {1 bbl oil = 6.1 G) | Total Annual.Cost (ks/yr) |6058
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Export to Vendor Tools

Eile Edit Insert Flowsheet Plot View Add-ins Window Help -8 X
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ChemSep (TM) (CAPE-OPEN) - Dehydrator .
File Edt Check Tools Help
[ e S [ o S B u 2
- a4
- jEAPE-UPEN Tables | Graphs | McCabe-Thiele rating | Dehydratar
Title ) .
e Components Quick column rating: 'E 5
.o Operation Reference ChemSep CO Unit O Insert | Remove Auto | Vendor tools R
£+ Properties [oEc o
Default internals Sieve 211 j' Section 1 2 |
[ System factors | [grart stage 4
7
e Default system factor & Koch End stage 3 7
b Analysis  Norton Internal type M252Y  M250¥
&
" Pressures Deafult fraction of floed |0.75  Specified eystom factor | 1 p DEG+ .
" Heaters/Cooler: e r Flood fraction 0.75 0.75 ==
j”ﬁf‘?“['ﬂ BB T Efficiencies Method slope equilibrium| Ethylene gly Water a0,
E Column specs © Duss-Taylol | |Efficiency estimated 0.21 0.44
B Results Default height lig. feed (m}0.8 @ Traditional | [HETS estimated (m) 2.068 0.916 3
Tabl m
;ﬂ ::S Sump residence times (s) —% rafme[er = g?gi g g:; e
apacity factor (m/s] .
Reboil 20 Product |200
McCabe-Thiele
e glamet;r:e(tlun (m) ;99 :24 e o = = i
¥ ™ Show details | | esign stage 0.201538 0.01 001 0015
- Units 3 Deslyn Copy Height section (m) 4.2 357 5 208 117058 150814 170,887
- Solve options Diameter (m} 4.24 i3 7762 547040 0265513 00153845 |ton /h —
Paths Height (m) 10.38 0.00020076 | 0 0 [ ==t
0.90079 2.840362-05|  1.18991e-13| 1.01508e-22 TES
1.01672=-11] _0.99808 000105885 | 4.70887e-08
351674e 11| 000101137 | 0004417 0440281
“Simole col 737472e-18| 1.14083e-08| 000452354 | 0550718 .
v e R B B Click on Vendor Tools
ACCR (1/year) Copy
. 3160 1381 Jios.i1z [14a.857 [157.344 [- H H H
R ave file In desiread format Ope
Materials 1 Carbon Steel vl i2 038 [to8.177 150281 [17201 [-
2 dor tool
s Index 8 venaor too
Fuel price ($/G]) 8 (1 bbl oil = 6.1 GJ)
il +] | »
Changed | Converged 7 iterations [ ('\usevs‘\harrygemp\[S_BqNE SEP 4

ocument Explorer G Watch

] Log | ) solved | 20 warnings |

Editing unit operation Dehydrator
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Export to Vendor Tools

KGTowerfrom KochGlitsch

LOADINGS
File Edit Units Window Help

PACKED TOWER DESIGN

File Options Units Window Help

Project Name |ChemSep CO Unit Operation "Dehydrator” in COFE Flo|

Tower Name |Towar

Case Name |Cage

Zone
Description
Tray or Bed Number

Load 1 Load 2
51 52
Max Joad Max Joad
2 4

—Vapor
Mass Rate kglhr
Density  kag/m3
Std. |Actual Vol.Flow m3is
Viscosity cP
Min. Rate o
Max. Rate o

r Liquid
Mass Rate kg/hr
Density kgim3
Volume Rate m3/hr
Surface Tension dynelcm
Viscosity cP
Min. Rate Y
Max. Rate %

System Factor [100 |Load OK |Load ok

Select Design : TRAYS

Min | Design Max

I PACKINGS IDEMIST

Project Name |ChemSep CO Unit Operation "Dehydrator” in COFE Flowshest

Tower Name |Tower

Case Name |Caga

Zone
Description
Bed Number

Packing Type

Packing Size

Tower Diameter mm
Number of Layers
Packing height mm

Capacity, Const. LIV %
System Limit %

Fs mist(kg/m3)*0.5
Cv mis
Liguid Load m3hr/im2
Pressure Drop  mbarim

Load 1 Load 2
51 52
Max load Max Joad
2 4
FLEXIPAC® FLEXIPACE®
(Metal) (Metal}
280 2807
B ED
4150.00 3950.00
0.0 0.0
0.00 0.00
[73.08 8231
5843 43.55
359 295
0114 0.094
043 10.78
3598 2.976
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Export to Vendor Tools

SulCofrom SulzerChemTech

File

N dS 2|5 @] # | uitype s

I%JLCCIL 3.2.20

Edit  Project Window Help
- | Material AISL ~ | 1 NoNTS/HETP

1

4190 | |57 stages 2max)” v | |Packing! ~| [M2s0Y [35%0

Top 544501 134838
Btm 405331 135083 0033 98621 6762 0522 00106

Sec.
2
3950 |52 stages 4[max}ffj |PackingZ

Top 403406
339653 65074.3 0038 98071 5686 2304 0.0110

Loadings - C\Users\Harry.Kooijman\AppData\Local\ Temp'test.sulcol
Sec.

Height [m] NTSreg. HETP [mm]
p0_ [

Packing

Diam [mm] Fluid Data Packing Design

Packing-Type

L pG ~ pL o ml nG  cayp FF Liglead ApiAz B dp
kalh] [kgimv] [mh/m] [cF] %] [Pa"05] [méim?h] |mbarm] [%] [mbar]

0.093 98620 6753 0526 00106 [621 |[353 |[099 |[4.04 |
16 |[1276
[484 ][270 ][0ss ][235 |

Flows G

System factor 1.00 E Geom. Details

Packing
Packing-Type Height [m] NTSreg. HETP [mm]
| |2.D | |‘I4?D |

Diam [mm] Fluid Data Packing Design
=] [M250Y [2340

Text |EEETE

Flows
G L G pl o nl aG Cap F-F Lligload Ap/Az h  dp
[kg/h] Tkgim?] [mN/m] [cF] %] [Pa'05] [m¥mh] |mbarim] [%] [mbar]

1295849 0096 98114 57.04 2320 0010 [84.0 |[295 |[1078 |[3.88 |
46 59
[686 |[282 ][541 |[284 |

Btm

System factor 1.00 E Geom. Details

Text Section 2

Total sections  Column data

ptop |mbar * 14670 A p total [mbar]

2

Current Section: 1

&

Sulzer Num Off | Caps Off
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New: Export to Vendor Tools

WinSorpfrom RaschigsmbH

'\*}‘ WINSORP - Raschig Tower Design Program

Process File  Warnings Info.. Help End Warning Message
a2 Fluid Dynamics 113 ol @ =
Units
@ S| Units US Units V| Active V] Active Active Active
Input values Section 1 - Input Section 2 - Input g :
ection
Bed_ . % st 52 Column ChemSep CO Unit Operstion "[
Position Stage 2 Stage 4 Remark Section 70
Column dizmeter mm @ 4150 @ 3950 Section 2
Flood factor % Column ChemSep CO Unit Operstion T
Bed height mm 3990 2940 Remark Section #1
Liquid i
e kgh - 13483 81 1235845 ot Sechook
Density kg/m3 586.2022 981.1357 .
Viscosity mPa.s 0.526234 2.319535 3
Section 4
Surface tension mN/m 67.58926 57.03806 Column
Tum up/down % 133.3333 1333333 Remark
Gas
Flow rate ka/h - 5445014 4034064
Density kg/m3 0.0933436 0.0959631 Copy data from
Viscosity mPas 0.0105633 0.0110238 -
Tum up/down % 100 100 Delete data from
System factor / Foam factor [ | Calculate 1 1 M
Packing ‘ Hg-scr'azjﬁi'\f Picture Picture Packing Details
Packing for  Packing type
@ Sec ] Raschig P2k 250 Metal -
Calculation according to Billet/Schultes Section 2 Output Section 3 Output Section 4 Qutput
F - Factor Fa"l5 235 Sec 2 Raschig Pak 250 Y Metal -
Liquid load m3/m2h 132 1437 Sec 3 -
Flood factor ES 623 83.7 Secd -
Hold-Up m3/m3 0.003 0.065
Dry Pressure drop mbar/m 337 234
Spec. Pressure drop mbar/m 36 428
Pressure drop mbar 14.37 1257
Working range from % 32 2
Working range to kS 128 83
System limit _ % 596 50.5 | — ‘ I Prnt I
Pressure drop for high mbar/m 36 4728
pressure distillation
aph/a % 556 82 \—/
9
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Faster RateBased Models

A Ratebased models inevitably slower than equilibrium stages
- Actual number of stages (not some hypothetical lower number)
- Flow models other thamixedrequire extensive matrix computations

A New rate-calculation procedures speed up these models
- Speed increase depends on number of components
- Nearly20times faster for50 stage debutanizer witd2 compounds

A COSE compounds
- Require frequent calls to PME for basic property information
- ChemSemow writes same to local databank
- Calculation time decrease when used withemSephermo
- Significant aid when troubleshootinrgreduces need for PME

10 ColLaN2017



lconography

A CAPEDPEN icon in some PMEs do not adequately represent UO

Multiple ChemSepJOs in UNISIM Design

-

Column - 101 A Only one has a condenser

~

A Icons not representative

A Only one has reboiler
A Multiple products appear as one

A Multiple feeds appear as one

MIX-100 TEE-100

Column - 102

11 ColaN2017



lconography

A Adaptive icons in COCO
- Reflect actual configuration
- Automatically change when configuration changes

%

»—EE=m \‘_/
=

12 ColLaN2017




lconography

A ChemSepvrites icon structure tsepfile in COCO format
A COCO readsepfile, checks if icon has been changed

A If new icon, COCO asks to update icon
A UO could write icon as SVG image

A PME reads UO output, determines from checksum if icon changed

A PME displays new icon

13 ColLaN2017



lconography

A Is COCO the only PME that pernmiesvly designed icorts

—%
Dividing Wall Column (DWC) icons for COCO

14 ColaN2017



ChemSep

Dividing Wall Columns fodeling Sepsration

A5 S 2l yeradAramatics DWC

Dejanovig |.,Mat jasevic, L., Jansen, H., ®lujig Z. 011). Designing a packed dividing wall column for an aromatics processing plant.
Industrial& Engineering Chemistry Resegrs®(9), 56805692

15 ColaN2017



ChemSelp‘W

Dividing Wall Columns Todeing Sepsrat

A5 S 2l yeradAramatics DWC

=

D
6

W

? e

Dejanovig |.,Mat jasevic, L., Jansen, H., ®lujig Z. 011). Designing a packed dividing wall column for an aromatics processing plant.
Industrial& Engineering Chemistry Resegrs®(9), 56805692
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Dividing Wall Columns

A Generally modeled as multolumn systems

5 S 2| yeraAramatics DWC Multi -column model

INR
INE= n

12

10

© ; ”
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Dividing Wall Columns

A Generally modeled as multiblumn systems

5 S 2| eradAramatics DWC Multi -column model
in UNISIM Design

i
=

MIX-100
41

i
=
8

MIX-101

TEE-101

=1
>
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Dividing Wall Columns

A Generally modeled as multolumn systems

5 S 2| yeraAramatics DWC Multi -column model in COCO

[

-
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Dividing Wall Columns

A Generally modeled as multolumn systems

Multi -column model in COCO DWC icon hidesubflowsheet

20 ColLaN2017



Dividing Wall Columns

A ChemSepParallel Column Model (PCM)

5 S 2| yeraAramatics DWC EquationbasedChemSePCM

[

28

49

21

27
50

61
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Dividing Wall Columns

A5 S 2| yeraAramaticsDWC Modelled UsinGhemSePCM

0 0 0
10 10 10 :
—e— Liquid-MC £
———Isopentane
20 20 ~ [P ~ auid-pt £ —<—2-methylpentane
20 4
—o— Vapor-MC L s—n-hexane
— & — Vapor-PF ——Benzene
30 30 30 B —<—Toluene
18] : g
=Ty]
1]
&
LA . ‘v Y R R R N B .= =l
40 0 o B
50 50 0
60 - o §
70 20 20
320.00 370.00 420.00 470.00 0 20000 40000 60000 0 0.2 0.4 0.6 0.8

Temperature, K

Flowrate, kg/h Liquid mole fraction
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Dividing Wall Columns

A Generally modeled as multolumn systems

Satellite Column System

1
O

(|14

10 21

29
26

13

~40

41 g
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Dividing Wall Columns

A Generally modeled as multolumn systems

Satellite Column System Satellite Column System in COCO
(easy to converge)

iza) A
: dsjf::zaj:_l_ﬁm_ N

26 2 .

13 m *
—40
_2B
29 26

26 P20 [ SN N N [ . -
St i _/
st2

41 g E """"

T =
T
| % ’ "‘ Bottom
MC

58
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Dividing Wall Columns

A Generally modeled as multolumn systems

Satellite Column System Satellite Column System in COCO
(hard to converge)

(|14

29
26
13
~40

41 g
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Dividing Wall Columns

A Generally modeled as muitblumn systems

Satellite Column System Satellite Column System
in UNISIM Design

g annmmme

CLLLLLLLLL)

26

|
ULLLLLLLLD

mmnmmm

A

26 ColLaN2017



Dividing Wall Columns

A ChemSepParallel Column Model (PCM)

Satellite Column System

1
O

(|14

10 21

29

~40

a7

-

EquationbasedChemSePCM
(very easy to converge)

&
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Maldistribution Models

A ChemSefPCM can be used to model maldistribution

Billingham and Lockett Maldistribution Model Equivalent PCM Structure
XN+1
I T ¥n
.| aspL a-HL YN, ' ‘
¥N, | S
3 e
N,
N,-1
Column 1 Column 2 18 24
, E
(36 | =
2
1
X4 Xq S n
72
Jool | T
¥ X Yo

A Redistributors modeled as stages with no mass transfer

28 ColLaN2017



Maldistribution Models

A ChemSefPCM can be used to model maldistribution

SchultegMaldistribution Model Equivalent PCM Structure

Eas—}{ixﬁt Cor;denﬁ ar ¢
T ’Q"—}i Distil} ate-Product |
I = | —
L l__ ) L{_*.I N Ref -Divider . 2 \e >
ﬁl _| '—_| kefluz=-Distribute 3 7 11
Gas-Mixer .I'REdlS". 13‘10 | {-T |_%J j\ _JI -1J1|:| =M} ;(crn"'l{cu]s ri ﬂJ or -"6 ----- 1- q""}:q:_

|_'_r_§__ i“‘”‘ ER

19 23 27

28
Gas-Mixer/Redis tnb to iquid-Hizer/Redistributor —_—
?{." %—. 20 |35 | 4

]
g
| D
B
i
|F

L _L i T
[ = . , 48 |54 | 60
- = — Liguid=-Mizer/Redistributor
Gag-Mixer/Redistributer (’l‘ [ / :
=[]
:&-‘E 53 59 65

i j T

kf r / Phase-Separator

- &--—-HL———-
x’ s hi
Liguid-Mixer Heater —= : Bottom-Product |
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Maldistribution Models

A ChemSefPCM can be used to model maldistribution

0.99 [ .
—— X 4 redistributors
—

0.97

0.95
Bottom

Product Purity
o
©
w

o
(o]
fary

2 redistributors

o
fos)
©

0.87

0.85
. . 0.6

Significant influence of the number of redistributors

30
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Other Matters

A Thermol.0vsThermol.1
- SomeChemSejusers unable to uséhermol.l
-ChemSeNOT in favor of deprecatifgOwhile this state continues

A Specific gravity aBOF as property constant

31 ColLaN2017



Conclusion

A New in ChemSep Versioh?2
- Fitting of Group Contribution Model (e.g. UNIFAC) Parameters
- Rapid rating and costing
- Export to column vendor tools

A Faster ratebased simulation (much faster in some cases)
A Wish List
- Adaptable and editable icons in all but COCO (which already has them)
- Pointing at a UO displays simulation summary for that UO (possible in COCO)

- Do not deprecate Therma.Ountil all users can easily use Thertha
- Specific gravity &0 F as property constant

A Propose CARDPPEN Cost Library (COCL) of basic callable functions
- Cost of metal
- Cost of steam allifferent levels
- Cost of pressurgessel
- M+S index + Energy cost functions imply currency (basis should be Uy dollar

32 ColLaN2017



Coming Soon to ChemSep Versi®n

A Parallel Column Model
- Dividing Wall Columns, Maldistribution, Muttolumn Systems

Multiple columnmodel in COCO One equationrbased model
ChemSep/ersion8

2

- 1
—_—H

je———— Shteam

+—SEm
K‘/
»
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