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3 2-1: Light End Column Feed Composition

Component Value (kmol/h) Boiling P (C) Light/Heavy

H2 0.26 -252.76 Light Key
CcO 0.01 -191.45 Light Key
CcOo2 3.09 -78.45 Light Key
CH4 0.02 -161.49 Light Key
Di-methyl Ether 2.00 -24.84 Light Key
Methanol 1607.32 64.70  Heavy Key
Isobutanol 1.44 107.66  Heavy Key
H20 741.16 100.00  Heavy Key

H 2-2: Refining Column Feed Composition

Component Value (kmol/h) Boiling P (C) Light/Heavy

Methanol 1607.32 64.70 Light Key
Isobutanol 1.44 107.66 Light Key
H20 741.16 100.00  Heavy Key
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]QGlobal lFIowsheetSections IRefefenced l

-Property methods & options

Method filter COMMON -
Base method UNIFAC -
Henry components -

-Petroleum calculation options
Free-water method STEAM-TA -
Water solubility 3 o |

E&:mh(cm

[ vo row e temaiive)

@ Specifications Convergence IComments

-Column specifications

Number of stages 17 3
Feed stage 1§ c
Reflux ratio 1.2
Distillate to feed mole ratio 0.01
Condenser type Total -
-Pressure specifications
Condenser pressure 1.2 bar v
Reboiler pressure 1.6 bar ¥

13 2-1: Distl 22 flowsheet 2 €12 data
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Al 44 INTERNALTYPE A% 7|& 9 AA &
Ay

71%0] HE o] TS Hig o R AMtE SF & AE, &0l F
O 7| AA At ¢-27h AAIStALA St 4] ol Eol, 4] Ha
7/, AA dAelM Q] A2t 7Hsd T& WFESHA 2 olEAdY] 2
pofl 77k 73-9-7F Wetk A A At g 7R 2R SHo] SR

ol 1A Q] AR 2A5HE 749l o] Y RE (rating mode) 417
Aegshicd) olnh Qleid ehg) A4 9 714 Hlo] e g s,

olHE2 & EFE tray, packing® & FLE X, packing-2 random

it

packing™} structured packing® 2 BR=th 1 AE Al BR= Ha|5}
27 She A0 4. 5R 9 00 L&, gelo] det 1 557 9
HE ohefol dutA o= AA A OA 1L B )& Aot A4 72
[ 237 ZTHIO). o] o 2 7|5 ndlo] SR AtHoR &
2 ) Bl el L TEE ol T AR FHE 7 G sieve

tray S B = AA 5

Spray Regime

spray regime

The liquid phase is
continuous, and the vapor
is dispersed as bubbles in
the liquid. The froth regime
occurs at low to moderate
vapor velocities and
moderate to high iiquid
loads.

Vapor Rate

The vapor phase is
continuous, and the liquid
is dispersed as droplets in
the vapor. The spray regime
usually occurs at high vapor
velocities and low liquid
loads.

Liquid Rate

719 2-3: Tray Operating Diagram[1]]
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I 2-3: Internal Type 4174 7|&

RANDOM STRUCTURED

TRAY
PACKING PACKING
Delta P High Low Very Low
Theoretical
6 mbar 3 mbar 1 mbar
plate
Depends Lower Higher
Cost
(Cheaper) than S.P than R.P
Installation Difficult Easy Difficult
Vacuum
Out of Favor Good Very Good
Column (Tower)
o Questionable
Low Liquid .
(Spray Regional Good Very Good
Rates
Good)
High P
Good Ok (Good) Out of Favor
Distillation
High Liquid .
Good Ok Questionable
Rates
Foulin Depends Depends
wine P P Not Good
Resistance (Excellent) (Good)

Tray BFQ) 9] SR 574 RAA = [2H 235§ =4 M=
= A5t A XS52 WA FrEF S y=2 7 1A frde HER
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Set points
(targets)
Process
Predicted Inputs outputs
Prediction Control p Process p
outputs calculations
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: Model M,@
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Residuals
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Acquire new data
(CV, MV and DV values)

|

2.
Update model predictions
(output feedback)

3. l

Determine control structure

4. l

Check for ill-conditioning

!

5.
Calculate set points/targets
(steady-state optimization)

!

6.
Perform control calculations
(dynamic optimization)

e l

Send MVs to the process

713 3-4: MPC AJAFe] <=4 X [Qin and Badgwell(2003).0. 2 B & £~A (2]
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glstal o] M5 AU A7 st oS Aldte AAT 5 AEE

d

2 AAshed], 20 &4 27 A MPC Alo] A4S 7o
A2 ol ElEAl A% ghe AT At A7 ghe T8
A4 DCS LEAS] 912 gt (MV) o] Eo] PID Ao} F-1o] 4] A4l Alo]
sakg Fdstel 29 3H(CV)S 2F Atz ek, ojn] MPC Ao]

e kT
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722e+08 3 TIC-108 wosc
P 1232405
cif_ar koh
=
J2-TiC-1 IN-Y Co2LIC-108
148 13‘1‘(:_L o
:92:2"05 CO2_R 92:2“05 g ;221522305
/\ j koh
PW_P Qo
& E 02 Inlet flow2} PW TIC valve
openmgl'l' MPC 914
1% 3-5: MPC Ajo] I 44

-MPC Centrol Setup

Mum of Inputs |—1‘ Num of outputs
Step Resp. Length | SO‘ Ref. Trajectory
Prediction Horizon | 2_5\ Gammau
Contral Harizon | 2 Gammay
control Interval | soo00

L1

-MPC Process Model Type

12 Step response data @ First order model

File: |

~MPC Control Type

[ mpC Control Algorithm

719 3-6: Hysys MPC Ao 21T set up
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Light Key (C,) | Methanol v

Heavy Key (Cg) | Water1 v Distillate

g 0.99
0.01 o

—]

3

Composition Feed Reflux ratio 9 times Minimum.

Methanol 0.68 [vonie Operating P 1050 |mm Hg (Abs)
—>]

Wateri 0.32 Mole Fra

Quality of feed,q 1

Feed basis 10| moles

Bottom
0.01 Mole Fra

0.99 Al Fra

|m
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No of Theoretical stages - Mc Cabe Thiele
Method

1.00

0.80

0.60

0.40

0.20

0.00 T T T T
0.00 0.20 0.40 0.60 0.80 1.00

1% 4-2: McCabe Thiele A|AF A E A}

S 7AATel] 487158 o] 2 Bpel W e
7} Gilland Correlation Charto] ™, AJAH=
Z2H|= 17H feed @2 7o 2

S7F AR E . o DA A 5571
ARgSELAY, B H] 1.2, o] & T 179, 123 feed T TS ATEIS}HO]

DISTL 2@ 24 2AZ A gatgich.

23



9 Feed Location H] 1l

Feed location

FUG McCabe

Reflux No. Stage

Ratio

FUG

McCabe

17
12

11

15
11

10

1.2

10

DISTL MODEL Z 1}

A24

27

L 17k, feed T

] A w5 RADFRAC &

= doA &

EgiZ ot

=
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DISTL =& A1}

p——
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3 4-2: Distl model 23} H| W &

DISTIL TOP MeOH BOTMeOH REBDUTY CONDUTY

RR Mass Frac Mass Frac KW KW
1.2 0.78 0.790 1524 521
2 0.76 0.790 1715 706
3 0.74 0.791 1950 936
4 0.73 0.791 2183 1166
5 0.72 0.791 2415 1397
6 0.72 0.791 2648 1629
7 0.72 0.791 2880 1861
8 0.72 0.791 3113 2094

9& BAA,

A3 RADFRAC MODEL A7}

RADFRAC Relof|A] [ [4-3) 7} o] -§-57]2] g2 -307 kW, =
Folrle] AFE 922 kW= At AThr} Ugheh g Ae] LRl 40k,
g ot o] 2 73,045 2 AATE gl

o] tA oA & U= 2o & AFe} st = E2|7t HU=A &
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I 4-3: Rigorous RadFrac 2 ¢! design 2}

L Vapor
Liquid from
Temp Pressure Heat duty From

Stage (Mole)
(Mole)
C bar cal/sec kmol/hr  kmol/hr

-73303.9
1 40.00 1.2 29.4991 5.862
(-307 kW)
2 65.38 1.2 20.303 35.36
3 66.18 1.2 20.2269 36.38
4 66.69 1.2 20.0788 36.3
5 67.48 1.2 19.8562 36.15
6 68.70 1.2 19.5323 35.93
7 70.77 1.2 2414.53 34.36
8 71.96 1.2 2421.46 75.31
9 72.60 1.2 2425.17 82.23
10 72.92 1.2 2427.03 85.94
11 73.11 1.2 2428.03 87.8
12 73.24 1.2 2428.69 88.8
13 73.36 1.2 2429.27 89.46
14 73.49 1.2 2429.88 90.04
15 73.65 1.2 2430.55 90.66
16 73.96 1.2 2428.06 91.32
220253
17 73.94 1.2 2427.9 0.163
(922 kW)
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I 4-4: 3+FH]of 2 Di-methyl Ether & o}5- =4

DI-METHYL ETHER

REFLUX
RATIO MASS FLOW
IN BOTTOM (kg/h)

5 1.60310197

6 0.68800270

7 0.31466017

8 0.15271297

9 0.07818032

10 0.04197048

11 0.02350208

12 0.01366371

13 0.00821465

14 0.00508940

Value Units
» Number of Trayed/Packed stages 15
Total height 9.144 meter
Total head loss (Hot liquid height) 159557 meter
Total pressure drop 0.118428 bar
Number of sections 1
Number of diameters 1
Pressure drop across sump bar
Total residence time 00142084 hr
S e, S Dipn— SO ek, RS2y AScaon RS RO 2 ARy LI e
2 16 13mee 04 mee TR SEVE 0118428 bar w2 13 view |

719 4-3: Internal 374 EAF ofl 2] 7 Hhd A3 gf
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Column T 42t}
Tray Spacing (mm) 610
Diameter (m) 2.2
Height (T to T) (m) 28.615
e Argt Vapor -5 (kg/h) 31,708
= At Liquid 5% (kg/h) 31,179
& Sl Vapor -5 (kg/h) 32,013
& 5l Liquid 5-3F (kg/h) 95,157
Reboiler Heat Duty (kW) 10,000
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Column TH= 95t
Tray Spacing (mm) 550
Diameter (m) 5.5
Height (T to T) (m) 63.11
& Abgt Vapor 5% (kg/h) 268,061
= Ardt Liquid -5 (kg/h) 187,434
& ol Vapor 5F (kg/h) 187,161
& ol Liquid -5 (kg/h) 294,201
Reboiler Heat Duty (kW) 55,939
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C02_In & Bottom Flow

kg/h
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18 4-6: CO2 (CO2.D-1) A& - w5}
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kg/h

_L4

.

1.20€+06
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Total Utility Cost per Hour
(dollar/h

150
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TEMPERATURE CROSS

140
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PW end point Temperature

w—PW_TOtal =mmm=CD2_Rin w==C02_ROUt ==wECO_OUt w=mm=CO1 ROUt =e=Total
kg/h Temp Temp Temp Temp Dollar/h
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Abstract

Operation Optimization of
Distillation Tower through Process
Simulation and Model Predictive
Control

SeungWoo Song
Graduate School of Engineering Practice

Seoul National University

If the feed condition of distillation column changes rapidly to an abnor-
mal state due to reasons such as initial operation, the difference in produc-
tivity arises from the difference in operator experience and coping ability. To
minimize this difference in productivity, a model predictive control method
was introduced to the PID-control model to compare productivity and stabi-
lization time.

During methanol production process, methanol distillation process was
selected as a reference model for comparison and static distillation process
simulation was conducted. By comparing the PID control-based model with
the actual operation data, dynamic simulation that operates similarly to the
actual operation was performed. When model predictive control was added

to the PID dynamic simulation model, the stabilization time were compared

43



and reviewed with effective process stabilization results. It was also con-
firmed that the operation cost can be reduced at the same production vol-
ume by changing the utility condition consumption through applied MPC
control.

Based on this, it is possible to create a model based on model predictive
control method by extracting and analyzing operation data from dynamic
models in similar or applied processes. It is intended to utilize this method
and contents in other projects and fields in the future and use it as practical

training material.

Keywords : Distillation Tower, Process Simulation, Model Predictive Con-
trol

Student Number : 2021-23480
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