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Abstract

This work presents the simulation model and the oplimization of the operating conditions
for the debutanizer of a platforming unit in a refinery plant using PRO/I for the most profit
based on product quality constraints by varying the debutanizer column pressure and reboiler
heat duty. The simulation models were simulated using PRO/II and the actual characteristic

data of the debutanizer under steady bn. The simulation results of the base case

i | I} ol
were found to agree well with pere / “asfccording to the preliminary economic

evaluation by the optimizatie v pressure of 14.5 i(gn’r.:lr'ruz and the

reboiler heat duty of 3.2364 glaxed reformate RVP case (at max.

reformate Reid vapor press - greatest economic benefit of 61.12

$US/h was obtained. This cas hguidelines.
In addition, it was folifd | ! 's temperature, the amount of
C." in liquefied petroleum g without the effect on the reformate

Reid vapor pressure at 60 °F

¥
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Chapter 1
Introduction

1.1 Rationale
A number of industries are increasing, resulting in high energy consumption and

demands for petroleum feed fuels. To e the demands, many oil refineries have been

trying to gain their profit or pradd : ar fEe existing units; however, sometimes

process limitations occur ineggll it such as a platforming unit or a

catalytic reforming unit is usiaily alignal strategy or optimization.

)
Either production g A ‘i\\k
attractive due to the incgefice ke \ :
¥y ";"f . ’\\ re the reaction by-products. The
platforming unit consists e fefo -4_ g \ \ e debutanizer. The debutanizer
separates reactor prodUctsdnioftiuesSireg ‘\\

production of reformate is"abg

gas (LPG) has become more
inery plant, most of the reformate

comes from the platforg
off gas, LPG and reformate. The

The present work is focuse : Gk i | of LPG and reformate. Off gas goes to
the refinery fuel gas pool. i PG product tanks. Reformate is the
main gasoline blen »;m;*-—”fl\:‘ he debutanizer is shown in
Figure 1.1. In this ca‘ Sleys-tray distillation column, which

contains 32 actual trays mc'ludlng a cﬂndenser and rebc:u er. Although the debutanizer is

operated sm:ﬂ ﬂ? wgcﬂrrtl ?neﬁt Optimization of the
operating conditions at ebutamzer is approached to maximize the economic benefit

TR I N e

PRO/II is a comprehensive computer simulation program that models the steady-state
conditions of chemical processes. It helps engineers design a new process or analyze an

existing operating unit.



The parameters to be optimized at the debutanizer are column pressure and reboiler
ternperature in terms of reboiler heat duty. The goal of the optimization in this work is
determining the column pressure and reboiler heat duty of the debutanizer that give higher
economic benefil as the maximum yields of LPG and/or reformate. The operating condition
guidelines, which give higher benefits, can be selected from the optimization results.

The simulation model obtained in this is expected not only for optimization of the

ali
Jar-f] B

R8I TREHB

Figure 1.1 A simplified flow diagram of the debutanizer in the platforming unit



1.2 Objectives

1.2.1 Obtain the simulation model which represents the actual characteristics of the
existing debutanizer.

1.2.2 Determine the optimal operating conditions for the existing debutanizer to
achieve the maximum economic benefit, which is focused on LPG andlor reformate with

respect to the debutanizer column prasdugejand reboiler heat duty.

1.3 Hypothesis

Although the debutan / yarated smobihly, it may not achieve the highest
economic benefit. sigafilal ad to the improvement of plant
performance - plant Opers elds of valuable products, less

giveaway and energy @@ns

1.4 Scopes of this stug

1.4.1 Study process back _r;r the literatures involved.

1.4.2 Create the simuls Thodels fo g debutanizer.

1.4.3 Propo -; e bl sl e s 1 e i ; ‘ es for the optimum operating

conditions of the existir ?’ . Ecamomic benefit.

i ¥

" ““‘““"‘ﬂ‘lJEl’JVIEWIﬁWEI']ﬂ‘i

1.5.1 The productlun guidelinegto maximize @eﬂﬂnun‘nc be

AN IHHRAPIHEG G B s o
existing Jebutanizer,

1.5.3 The obtained simulation model is possibly applied to future works such as

process limitation, debottlenecking a process and solving process troubleshootings.



Chapter 2
Theory

2.1 Refinery background [1, 3-5]

Refinery process separates crude oil, which is a liquid mixture mainly hydrocarbons,

il, lubricating oil, heavy fuel oil and
asphalt. Most refinery proces Feean be ¢ : of three classes as follows [3]:

1. Separation, usualiyeit et s (he siad type of compounds,
eight and boiling point,
§ ) specifications.

An overall flow dig@rargfoirein ' essing, stepsSis shown in Figure 2.1. Crude oil
is fed into distillation unij@tofSegarate I 5e Light and middle semiproducts
are generally fed to upggEdig 15 Te sl ng, alkylation, isomerization and
platforming unit) to improv@ praffact Gt gy semiproducts are often fed to
conversion units (e.g., hydrocra® acking, catalytic cracking, coking and

visbreaking) to increage of middile ‘pr progince light products. Details of

those units have bee ), A ‘

The case study mlms s

production plant of the ﬂﬂ:ﬂ:e Refining Cuwany Llrnlted (ARC). Crude oil is separated

into. main senﬂa%lﬁ%&%ﬂl%?%&’]aﬂ orading units, shown in

Figure 2.2. The Miance Refining Gonapany cnns-sis of (1) north producti—::-n unit (PUN, 155

<0 @ WAREATASE AT N o =

been defigned to maximize light and middle distillates which are naphtha, kerosene and

or of ;”'- platforming unit in the north

gas oil. The processing facilities include crude and vacuum distillations, a NHTU/CCR
platforming unit, Diesel/HVGO hydrotreating units, a fluid catalytic cracking unit, LPG

and LSR merox units, extraction units, amine treatings, sour water stripping units, sulfur



Products
o Claan sl gas

& LPG, Bulane and
raw matenals to chamicals

o Suhur by-product
Q To molor gasokne

-

. ._:;:“Mmm-

o Molor gasolne

f#ﬂ(@\ﬁ‘ . © Diesel and et I,
te B - heating o
Q Naphtha
Gas o
© Light products
——0 Distilale ois
e
o Lubicants waxes

O Ligh products
& Fudl os

O Coke

© Asghat

© Light products

9 Fuel of or tar

ure? 26 A complex petfefeum refining process [6]
AU WS

recovery units wnlh tail gas treating; dhilities includgs=g captive powegplant; offsite facilities

includ& ngwarﬁﬁﬂglmun%%@s%}rg%a‘uqe_l:mducts delivery
betwe&n?he refinery and jetty.

Crude oil is pumped to crude and vacuum distillation units as required. The straight
run products from the crude distillation unit are sent for further processing in downstream
units. Naphtha, from the crude distillation unit, is split into light naphtha and heavy naphtha.

Heavy naphtha is processed in the NHTU/CCR platforming unit to produce high octane



reformate. This is blended with light naphtha for sale as lead-free motor spirit. The heawvy
vacuum gas oil (HVGO) produced in the vacuum distillation unit is converted to valuable
middle distillates in the fluid catalytic cracking unit. The vacuum residue from the vacuum
distillation unit is parﬂy processed o fuel cil and asphalt. The other processing facilities
include LPG and LSR merox units and extraction units, which treat straight run LPG,
unsaturated LPG, saturated LPG and LSR. All sour fuel gas streams and LPG are treated in
amine absorbers to remove H,5. I\, "mream is regenerated, and the off gas is
sent to the sulfur recovery uni S0 s are {reated at sour water stripping
units to remove H,5 andh‘lﬂhlﬂ th% for sulfur recovery, ammonia is

incinerated along with 'ta#——-—. &l Wunits. The sulfur recovery unit

comprises a Claus sectio

9

Figure 2.2 Overall processing units of the north production plant of the Alliance Refining

Company Limited



2.2 Refinery products [1, 4]

ARC can produce a full-range of refined products that meet the specifications set by
Thai Government for domestic consumption, and grades tailored to meet the demand of
export customers plus feedstocks for the petrochemical industries. Basically, finished
petroleum products are:

2.2.1 Liquefied petroleum gas

=,

A mixture of propal

petroleum gases. The biiligupoito! prdp nﬁle are -42 °C and 0 °C at normal
: quid state under only moderate

atmospheric pressure,

pressures of about 1,400 2 Propane and butane are recovered

from primary crude oil"disti molecules in most upagrading
and conversion units. dilike natural gas LPG offers the
particular advantage of iy

The refinery prg dne is generally used as refinery fuel
|

in the plant because they portior sale.

2.2.2 Unleaded gasoline4Lt&) " =
Uﬂ‘ead ‘ . x:?:—.:"'-‘:—"T—:—'_T'"":'-:'—'.’."" et el B :‘ ‘th Cﬂntaining hydrﬁcaimnﬂ

\YF Y
in the approximate rz "* 1“[.'1 motor gasoline or known as

i - |
petrol in the UK is a fintshed product blended in the refin -‘“J' from a number of components

e R TSR TS

2.2.3 Jet fliél / Kerosene
A 7

¢
AR TN I SN TIME T e ™ ™
between gaphtha and gas oil. It can be used as lighting kerosene which is a domestic

heating oil in some countries, including the UK, but its major use today is as jet fuel
Kerosene is the fuel used in jet and turboprop aviation engines. It is also known as aviation
turbine kerosene (ATK), Jet A (in USA), Jet A1 (oulside USA). Military specifications are also

commonplace. Jet A4 is a wide-cut low flash point fuel that, formerly, was widely product for



outside USA but its use now largely discontinued. Jet A8 is a narrow-cut high flash point

fuel for carrier-based aircrafts.

2.2.4 High speed diesel (HSD)
Automotive gas oil or high speed diesel is a middle distillate oil cut,

intermediate between kerosene and heavy gas oil that can be used for diesel engines in

ations for diesel are cetane index, could point

and sulfur content.
2.2.5 Fuel oil (FO)

FO is an industrialduelrthe bigndidgmseduct of vacuum residue or long residue

\'\“\\\T\xt\ sufuel for generation of steam for
small or medium industrig ag »] es in ocean-going vessels, The
isti fuel gl specilice Hu ,\\\\\\

dle distillates, used pariicularly in

d sulfur content.

2.26 Asphalt
Asphalt or bi titish 1 gligh) is a very heavy product, mainly
consisting of vacuum residud’angifreawy vact stillates, used in road surfacing and as a

waterproofing materials.

X

2.3 Distillation [7 "'I

i. i¥

Distillation is bmadl* defined as the se aration of more volatile materials from less

volatile mawﬂaﬂ)%ﬂéﬁ %ﬂmwﬁmmmanm is based on the

difference in corfigosition between a hguld mixture and vapor. The co-rnpnslﬂon difference is

p 3 AN Y MR 01
elementagy fo e method 1s istillation ich the lig ure is brought to

boiling and the vapor is separated and condensed to form product; if the process is
continuous, it is called flash distillation or an equilibrium flash, and if the feed mixture is
available as an isolated batch of material, the process is a form of batch distiliation and

compositions of the collected vapor residual liquid are thus time dependent.



The term fractional distillation originally is applied to the collection of separations of
condensed wvapor, each fraction being segregated. Currently, the term is applied to
distillation separations in general, where an efforl is made to separate an original mixture
into several components by means of distillation. When the vapors are enriched by
contacting with a continuous feed of liquid mixture and continuous removal of product

fractions, the process is continuous distillation, When steam is added to the vapors to

distillation) results.

Most distillations cong mefciall ontinuously, with a more volatile

S

fraction recovers as distillaié apt! 8 J£.8 afil Liemaining as residue or bottoms. If

_ iy
\:\.\ column to enrich the vapors, the

ternal devices for vapor-liquid

a portion of the distillale i
liquid is called reflux. &

contact; the devices mg that the difference in volatility of

the various components to the successful application of

distillation. This difference ¢& odynamic equilibrium that can exist

between the liquid and vapor. -;t',. ditions that can be associated with the

e

distillation. The phagedequilibrium relationships are’@mbedied in general area of solution
ETE—— R

.an

thermodynamics andte 2dicted from the properties of

: 1 . |
pure malerials invnlu The resulting equilibrium comp

1L ANPNINGINI
AT

liquid, the distillate, is richer in the more volatile components, and the residual unvaporizes

itions are often referred to as

bottoms are richer in the less volalile components. Most commercial distillations involve
multiple equilibrium stages in order to obtain a greater enrichment than is possible by a

single vapaorization and condensation. The component separation in simple distillation is



10

limited to the composition deference between liquid and vapor in phase equilibrium;
multiple equilibrium stages is used to increase the component separation. Figure 2.3
schematically stacked one upon another. The feed (F) enters the column at equilibrium
stage (f). The heat {c}"] required for vaporization is added at the base of column in a
reboiler. The vapors {VT} from the top of the column flow to a condenser from which heat

(q”) is removed. The liquid condensate from the condenser splits into two streams: a

which is returned to the top ef.column. A baflef€lgam (B) is withdrawn from the reboiler.
The overall separation is fee sparaliflg inleaeisiliate (D) and a bottoms (B).

designated as n; the stage above

i s

nis n+1 and the stage belg » Sechion ymn above the feed is called the
; /// PN\

rectifying and the secfiC ‘-l A= ws (Ne stripping. The mass balance

across stage n is: (1) M@pg€ OF J frofl ifiE stage belaw (A1) flow up o stage n; (2) The

liquid [L"”} from the stagl a@ove (n+i) Tlows down 1o stage n; (3) on stage (n) the vapors

leaving (V") are in equilibri The vapors moving up the column

from equilibrium stage to egll ity ‘_,“., 3 jcre@singly enriched in the more volatile
components. Similarly, the Ilq wr Somowing down the column are increasingly
iE "'f", -

diminished in the mare) Uffin mass balances are:

(7 Y]

m _ J (2-1)

and for any companent i ‘a

ﬂ‘LJEl’J TQEIM@W BIn3 @2
ame SRR FUHRIENEI A Y

vi=1"+D (2-3)
and for any component:

V7 = U+ DX (2-4)
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. r = D
J’f' =[V"" )Xf +[;17)’f (2-5)
Below the feed, a similar balance around plate m and the bottom of the column is:
¥ b B
! =[V—._.~]x:" +(F}‘f (2-6)

\

Equation (2-5) is theL per (Or 1euflyif ) operating line equation and equation

(2-6) is the lower (or strippigig .

% |, Distillate. D

AR
I\

Reboiler

ﬂﬁWTTI.

Figure 2.3 Distillation column with stacked multiple equilibrium stages [8]
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2.3.2 Reboiler and condenser [1, 8]

Reboiler and condenser are integral part of a distillation system. Reboiler is
used lo supply heat to a distillation column in addition to that heat supplied by the charge.
Liguid is usually withdrawn or pumped from the side or bottom of the column and is
reheated by may be a shell and tube exchanger or a fired furnace. Condenser is an

equipment that provides condensation through the use of a coolant, usually a cooling water

heat exchanger or an air fan coole G “ ,/ op is the process of converling vapor into
liquid by extracting heat. -The qL

In a total condemserthe-entirafoverheaswaper is condensed o the liquid state.

\\k { liquid will be a saturated bubble

9NN
point liquid. The condenser B gC Wl \\\ \- lhe total vapor pressure of the
condensate. The condéfsed si@: ls 5l a\ asing back into the column as reflux

; \ llate product. Partial condenser

represents by the relation & Teclifying iripping sections. The key point to note is

When the heat load or du ennde \ equal to the latent heat of the

saturated liquid from the di

and the remaining porti

that the product is a vapor, W EAT B UIHE ithithe reflux to the column top tray, and
hence the partial condenser is & an “external” tray for the system and

uations, for total reflux conditions. In

Y]

should be considered ds
the partial condenseral n as reflux, while vapor is

withdrawn from the a ulator as product. i)

24 matmm@ WHEANWNINNT
mmﬁﬁfﬁmmﬁﬂm&fﬂ:::;:mz

aromatics and important building blocks of the petrochemical industry. The main objective
of this process is to upgrade low-octane naphtha to high-octane reformate far use as high-
performance gasoline fuel. The process may be allernalively operated to produce high

yields of aromatics for petrochemical feedstocks. At present, several processes are being
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used in the refining industry; the main differences between these processes are
(1) nature of catalysts, (2) the catalyst regeneration procedures, and (3) the conformation of
equipment.

The first process of platforming unit used platinum-on-alumina catalysts which were
developed by UOP in the late 1949s to produce large quantities of high-octane reformate
and high purity hydrogen. The process has been adapted to bimetallic catalyst and to

continuous catalyst regeneration. The pl: ' ocess is one in which light petroleum
distilate or naphtha is contacled Wil m-cc:-ntaining catalyst at elevated
temperatures and hydrogenspressare ndl m 100 to 500 psig (700 to 3,500
kPa). Products obtained frogefi glinclude. h-0 tane liquid product that is rich in
aromatic compounds. Chg | ‘. . ‘ “‘ L . l‘quaﬁed petroleum gas reaclion
by-producls are also prod

A simplified platfaffind'ugh oy dagsmuohih \ s'presented in Figure 2.4.

Condenser

=
[ Ofi gas
Al )
m’ B I W — . m— | )
U -LPG

m Debutanizer
m

Fired heater b

fumq ¢ Reboiler

Figure 2.4 A simplified flow diagram of the platforming unit [1]
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In the process flow, feed to the platformer is combined with recycled hydrogen, raised
to the reaction temperature by a heal exchange and fired heater furnaces and charged to
the reactor section. Because most of the reactions, which occur in the platforming process,
are endothermic, the reactor seclion is separated into several slages, or reactors. Inter-
heaters are installed between these stages to maintain the desired temperature across all
the catalyst in the reactor section. Effluent from the reactors is cooled by the heat exchange

in 1/

Additional cooling to near-amibient temperaid] ovided by air cooling. The effluent is

with fresh feed and recycled hy to obtain the maximum heat recovery.

then charged to the separati as and product liquid separation is
ccurred. A portion of gas frgi

while the net gas hydrogaff o \\\\ gen users or used as fuel, The

\\ \1 i is a fraclionator in
/ / ?\ {\\\\h ?butamzer f

u the reactors with a compressaor,

separator liquid is pump
which more volatile ligtthyg high-octane reformate.

Ty
2.4.1 Debutanizer [1 W e

A debutanizefis She offifie sédafation ! - ns in platforming unil. In this unit,
the LPG and off gas are sep .:fﬁh ref Debutanizer employs a reboiler (a fired
heater) at the bottomn of own stripping vapor, which strips the
constituents from the Bat mproguct and empises s randender at the top of the column to

provide reflux, thc' -1' 3

')
vapor nses through the g reflux stream, as a result, the

lighter mmmﬂﬁﬂﬁﬁﬂﬂ?ﬁﬂﬁﬂ?“ heavier components

concentrate at

DY Wi Ciaw Ok h b (131 e

debutanizer is a distillation with thirly sieve trays, condenser and rebgiler; the bottom trays

ﬂniumn. contacting the down flo

(one through ten) are two-pass trays and the top trays (eleven through thirty) are single-
pass trays. The debutanizer overhead vapor stream is routed lo the tube side of the

overhead condenser, air-cooled exchangers. The overhead vapor slream is cooled from
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about 72°C to about 43°C in passing through the condenser. The mixed phase
debutanizer overhead stream flows to reflux drum where it is separated inlo a vapor stream
(off gas) which flows to the saturated gas plant, and the liquid stream (LPG) which is
pumped as a reflux to the twenty-second tray and storage tanks. The debutanizer bottom
streams are routed to the reboiler and exchangers for run down reformate.

The reboiler is a fuel gas fired heater, which vaporizes about half of the

Off gas

I Re

Y {
AN INGAE

Reformate Fuel gas
—

Figure 2.5 Common debutanizer control scheme [1]
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Column pressure is perhaps the most important conltrol variable in a distillation
column. Pressure affects condensation, vaporization, temperatures, compositions, and
almost any process that occurs in the column. A debutanizer column will not achieve stable
operation unless siea-:i:.r pressure can be sustained. Debutanizer column pressure has to be
normally controlled by venting a vapor product stream via a pressure controller (PC) to flare

or saturated gas plant.

Column temperalure is pg haps Walmost popular means of caontrolling product

pumped to two locations. § gliowshtothe. se Jdray in the debutanizer through a
on tray number twenty-two of the
5 storage tanks through a flow
troller (LC1). The debutanizer
bottom streams are divighd fih twe f@ 5 C [ to the following location. The
debutanizer reboiler vaporizg€ by . | 2 heat input to the debutanizer. The

oullet temperature of the bottom

1517 is sent by a temperature controller (TC2),

which adjusts the fu :.__ G gistjeam (reformate) is cooled in

exchangers. The reforg ,J ) to the storage tanks.

& [
|2 |
I i
I |
W i

2.5 Optimization and simalation theory [2,9-14]

ool AL ATVEI A NELD T, e e
::::::sgmmtﬁmziﬁﬁcfﬁﬁmr‘::ﬁ.:;::i

effort. A design is often difficult to oplimize because of its complexity. In such cases, it may
be possible to optimize subsystems and then choose the optimum combination of them.

Basic to any optimization process is the decision regarding which criterion is lo be

optimized. Minimum cost is probably the most common criterion.
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Simulation has been defined as the process of developing a computerized model of
a system and conducting experiments with this model for the purpose of either
understanding the behavior of the system or evaluating strategies for the operation of the
system. In the chemical process industries (CPIs), engineers use a process simulator or
software package as a tool to deal with a process at all of its life cycle, from synthesis to

design, construction, start-up, modification and retirement as shown in Figure 2.6. By

carhyrstanes of research, and spot operability
: meneuk a process. Therefore,

2. d \: of another for design of new

and improvement of curent

gers and operating personnel,

3
Process model .
applications___ Dynamic | Data
for reconciliation ;
rat training maintenance
of models
. oI
Project s P
phises ! 1
| prociEsen | ProcEss \@J/coNTROL \ | PLANT \ SEANT
R >
Y

7

AHAANAIAU LB INEIAEL

The mathematical model, the heart of simulator, divides simulations into two types as
dynamic and steady-state simulators. Steady-state simulators-time independence are

generally modeled as sets of algebraic equations, so they are easier solved than dynamic
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simulators. Three approaches employed in the simulators are sequential modular, equation-
oriented and simultaneous modular approaches. Sequential modular approach calculates
unit operations intact modules as sequentially as the actual process flow. Each module
simulates one type of the unit operation, for instance, the heat exchanger module for
modeling only heat exchanger, and a large flowsheet could be constructed by combining

modules. Figure 2.7 shows simplified structures for sequential modular and equation-

Jedauential modular approach, the executive
program accepts input data, e gs 1f __t topology, derives and controls the
calculation sequence for th ireperaiions | llewsheet. The executive then passes
control to unit operations levgife AUl . ule. Finally, the executive and unit
operations levels make fregu®ni€ t 'y level for routine tasks such as
calculations of enthalPy, pfiasé Upihand nihes, siream properties. Although this
approach is not suitz dlihg e cyele Syubturehof the flowsheet and external
design specifications, willth £re i : wkward iteralioniloaps in the calculation sequence, it

is usually used in the popule ner il S ors such as PRO/II, which is used

Execu l*. i

(Setup Ccequence | | rserup iy Bt o
and conli ‘i:‘m )

Physical pertiﬂ
library

(a) (b)

Figure 2.7 Structures of process simulators: (a) sequential modular approach and

(b) equation-oriented approach [10]
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For equation-oriented approach, process equations are treated by general-purpose
solution strategies, e.g., Mewton-Raphson, and often solved simultaneously. As seen in
Figure 2.7, the execulive performs a slighlly different function, in that it organizes the
equations and controls the general "design” constraints at the flowsheet level, the equation-
oriented simulators are much more flexible in terms of solving problems. They also allow the

application of much more sophisticated optimization strategies. However, this approach is

require large-scale numericahalgoritiim, godulaftSiigation strategies and reliable options to

IMs*aggravated by a set of nonlinear

physical property equation FiGe this quation-mienteﬁ simulators have

™

been modified to incorpor ;(;/ Gl m i b"\ ing nonlinear physical properties

similar to the seguential g equation-oriented simulators are
SPEEDUP, ASCEND, afit]

k)
Simultaneous mogélar @@pProach s ide e fraf sequential modular approach

where unit operation moc intact but stream connections are

solved simultaneously. In recycles and flowsheet constraints

could be solved together. This. for simultaneous modular methods by

I E RO
=
ype method, having a“much. faster convergence rate than

X

b
e

'|
U

application of Broydéns

v

include FLOWPACK a !l MPFPL.

sequential modular® taneous modular simulators

Time-dependence dym@mic simulators fBduire an exercise of the system mathematical
models as thﬁu :Jam E[]mrﬁhnﬂa‘:nf eir equivalents in finite
difference eqpsqt'ilnns. malrix equatighs or statistigal expressionsgFhey are suitable to
impm\ﬂ swyr}]a grﬂlimu%@%’m El;]sal&j and train plant
uperatﬂrg for emergency response. However, they require more time and higher computer-
power than steady-state simulators. The commercial dynamic simulators are, for example,
SPEEDUP, which can perform steady-state as well as dynamic simulation, PROTISS, OTISS,
and OPTISM.
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The speed of a simulator allows to invesligate more alternatives in a given period than
if perform the calculations by hand. Furthermore, users can automate flowsheet circulations
to avoid repetitive or trial-and-error calculations. For example, simulation model can show
plant responses to vary operating conditions or feedstock qualities. This is far more

economical than running costly plant tests. Since simulators always access their own

standardized dalabases, once simulation models are valid, any engineer can use it to
produce consistent and accurate rasull
In brief, the chemical pra : 2 aifies use simulators for:
- Designing
- Retrofitting thee¥Gifg o ..\ S
- Troubleshog / :
- Optimizing
When designing e'analyzed using a simulator so as
a better design can be ting operation, a simulator can
predict how the plant wou e changed or if an exisling piece
| afroubleshooting tool, simulators help
identify bottlenecks and perfa I ay £i ‘ studies. With the aid of a simulator,

the processes can & boif lawer operating costs. In the

‘optimized to increase profit and -

computer simulatior gl mpartant to distinguish between

I 3
sell the simulation results match

accuracy and premsmm#ccuracy | sasure of how

reality. Precision js a medSuf of how well th@gimulator solves the equations that describe

the process. Si F;LL%J %lm IEJ mg mtﬂmﬁw the accuracy.
q TR0 Annsy ...

understandmg and selecting of the appropriate thermodynamic method attain the accuracy
of the simulation results. The cubic equations of state (EOS) does not only calculate phase
equilibrium but also all the necessary thermodynamic properties for a comprehensive

model of an entire flowsheel. Cubic EOS based on the Van der Waals EOS was inilially too
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simple to provide results sufficiently accurate for engineering calculations. Van der Waals
theory basically states that all fluids at the same reduced coordinates have the same
physical temperature and pressure, therefore, the original Van der Waals EOS s a two-
parameter comesponding stage model.

Redlich and Kwong made some progresses on the issue, with a carefully

crafted cubic EOS to provide belter physical properties than the original Van der Waals

prediction of properties JMEBMPrESsed Ha - s, as shown in Figure 2.8. Later,
Wilson made a simple modifie®af ¢l tha altractive” f the Van der Waals EOS for the
prediction of the phyéic‘ Ope e fol_gases such as a monia. Unfordunately, Wilson's
approach did not give ac ' e normal boiling point and so was
not popular, Neverthel€ss, A the acentric factor as a third

parameter for an EOS di

’QWW@\ﬂ\ﬂ‘iﬂJ lWﬂ’J‘V]EﬂaEI

Figure 2.8 Redlich-Kwong reduced vapor pressure and dala for C, and C,, [11]

In 1972, Soave created a clever parameterization using the acentric factor as a

third parameter for cubic EOS that was accurate enough for general natural processing
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calculations. It was quickly extended to refinery application. Soave's model was also simple
enough to be useful with very few physical properlies as input, basically the critical
pressure, temperature and vapor pressure. Other EOS quickly followed such as the Peng-
Robinson. Some enhancements were tried via additional correlating parameters, like dipole
moments and radius of gyration, thus, creating four-parameter EOS, but only offered minor
enhancements when compared with simpler EOS, while requiring more data.

The relative paucity  of e iperimental information by cubic EOS,

combined with the ease of solion.and 1 stimating enthalpies and entropies in

the shape cast by Soave ¥ "Wy with the birth of microcomputers

and the desire to do proce ne Rexpensively. With the introduction of

Russell's inside-out methog microcomputers of the mid-1980s

were powerful enough to gé il refining industry, including crude

towers, This resulted in"a rg ilation"as discussed by Svrcek which

involved the physical prape eage of commaonly used cubic

EOS. Table 2.1 does not eyén Begin {o Ve l\; Ine found in the literature related to

cubic EOQS [12-14]. At any @te JjEs: everything could be accomplished

without going through the tork livity coefficients and standard stales.

Successful EOS sugk 5 jgeneralized vapor-pressure

T Ad

bmponent critical pressure,

equations, which

temperature, and acenlm factor LI]

Sing ﬁt_ ti ressure@bf nearly immiscible systems such as
watermydrocarﬂl ﬁr ﬁhﬂﬂiﬁiﬂﬂﬂrb n vapor pressure, simple
cubics can be u?ed for many natural gas and refingggproblems. Thug,if the vapor pressure

s cacledy bk bt brabial il P Blouating compiex

vapur-!iqﬂfd equilibrium (VLE) can be hoped if a sufficiently flexible mixing rule for the EOS

is available. EOS is a compact model that can predict thermal properties without any
supplementary data except, of course, ideal heat capacity. They are consistent in that they
provide a smooth transition between the liquid and vapor phase, allowing the modeling of

processes near the critical point.
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Table 2.1 Common cubic equations of state [11]

Equ:tions of R-pulsm Altractive Engineering Mixing rules
state part part
Van der Waals RT “a A scienlisl's scientist EOS. b= xb
V-b (& Phyzics are simple, but we

sick o the assumplions and

CONSEQUENCES. a= ZZ a,a xx,
Redlich-Kwong
Soave-Redlich- b E b
Kwong

a=y Z{l -k, Na,a x5,

“Chemical” SRK b= xb

A=) 7]

* HC = Hydrocarbong » £
y_A Y ]

Consider Tge 2.2, and'wirseenmartings ,IJ ot that different, Note that the
pressure is assumed suffigleptly low to discargyponideality effects lo the gas-phase fugacity

coticiont, o0} DBI R ILIEIINS I SR FhFote s very gonera, ns

with excepuﬂnsq& can always be jfound wﬂe«re ese general RPS‘E”E“"“S will fail.

e @V AN P e e

either a-::tﬂfnty coefficient or EQS based, tend to be more complex, requiring more physical
properties either pure component or mixture, and are less predictive in nature. This is the
essence of when using any of thermodynamic model in process simulators. In general, they
are based on relatively simple theories that have lo be tweaked to work under industrial

situations. These tweaks are Iimplementation-dependent and sometimes poorly
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documented. Predictions depend upon the model chosen, and its applicability is system-
dependent. Generally, the more polar the system, the more experimental data will be

needed for a reliable prediction, and these will be of less value.

Table 2.2 Equivalencies between simple EOS and activity-coefficient-based models [11]

" Problem type EOS Similar activity coefficient Physical properties
Pelroleum SRK, PR Critical pressure, critical
refinery Special handiing temperature, and acenliric faclor.
for waler. , Special parameters for waler (pure-
' mﬂnﬂnt and mixtures).
Petrochemicals | SRK, PR PO PEESEINE, pressure, criical

mpmm and acentric factor.
Special parameters for waler {pure-
onent and mixtures).

atfractive-term equation
5 2-3 paramelers for Gibbs
55 (activity-coefficient) model.

A, perhaps, not immed deptWeakness of more complex cubic EOS lies

in their very strength: gnt models, their predictions of

varied sets of p ..-- Ppties are intim ,)T'J the fundamental laws of

thermodynamics. This iﬁn 00
not useful. For example, gx QHGCRSS anthalples automatically predicted when an EOS is

used. These ﬁ%%@%@ﬂ ﬁtw %J:’] ﬂ@' VLE modeling done to

determine the pemlmeterﬁ In turn, lheie enthalpies rrray or may not be accurate, Traditional

RN RARIEHNTIN TR ==

can predicl. How these models behave inside cubic EOS for the calculation of derived

der. J e model in such a way that it is

properties is not well known, and is disappointing sometimes. So, if a system is modeled
with significant excess enthalpies using a Gibbs free-energy-based EOS and a good VLE is
fit, this does not automatically ensure user a good overall model from energy balance point

of view,
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2.5.2 Tips of simulations [11, 15]

Process simulations are widely used to obtain a better understanding of a
particular process. These simulations are used to answer questions such as how can yields
be improved, or how should the available independent variables be sel to maximize profit,
Although current process simulations are greatly improved, there are many reasons why a

process simulation doesn't match the plant. Understanding these reasons can assist in

using simulations to maximum adva

One category is, @iffCls which include using thearetical

nﬁa\nng actual trays with imperfect

'/// .2 \\\\\“"--. have errar, the large number of
/I8 \\\ \\

can be critical to achieygvalj '- sing is assumed in most process

equilibrium separation sfage
separation in the tower. Tl
components in refinerie: ween components may not be
accounted for. A variety of available and proper selection
simulators, yet the actualdplaght ady state since the most modem
refineries have so many : , ges. However, this error may be
small. Simulations can be useflil teg ST pding and improving process operations
when properly applied. Simu[ati be always treated with caution and a

degree of suspicion, The o substitute of T choosing, selting up and

implementing a simula L. 24 s, vapor pressure is one of
the most important propérties. Pure onent and mix r,, have to be checked. If any
calculations related to enérgw, balances are pgriormed, the mixture enthalpies and heal

contien oo I 81 TSI TS S E Ferec, 1 v o st

exchangers. Ther!l is much less work gn those pmpeges than on ULE.Jn case of designing

o QAR Y B D) e o

caculaﬂon

2.5.3 Optimization [2, 15]
Optimization is one of major quantitative tools in the machinery of decision

making. A wide variety of problems in operation of chemical plants can be resolved by



26

optimization. The goal of oplimization is to find the values of the variables in the process
that yield the best value of the performance criterion. Typical problems in plant operation
have many and possibly infinite number of solutions. Optimization is concemed with
selecting the best among the entire sets by efficient quantitative methods. Computers and
associated software make the computations involved in the selection feasible and cost

effective. But to employ computers and software require (1) critical analysis of the process

or design (2) insight about what thes ppropifaie performance objectives are, and (3} use

In plant opers i . Argest duction, the greatest profit, the

T enhancements in the operation of

the equipment or improvigg s improving yields of valuable

ergy consumption, and improving

products or decreasing
= B '\

higher processing rate® agfl orges ‘r'r: " bhatwesy idowns. However, prediction of

benefit must be done st plants are always coupled in

some way. A few percenta g}r conservalion project. In a unit

operation such as distillationh it 4545 i ply sum up the exchanger duties and
claim percentage reduction in tak .- T8 at & reduction in the reboiler heat duty may

Gt purity and quantity, which can trars L, to a change in profits.

In aptfmn_ - ..‘ 4 ation. Mistakes in assigning

_ r"
values to streams, quadlities and energy Can lead to err@is. In the refinery process, the
values of marémtarmedlﬂ streams are @Wéually not known since they are neither

purchased ror (b v e i mm&%ﬂ‘im rany procedures o

calculate mtenneciuate stream valuag. Economic ggrrors can completely invalidate an
oy SRARIRS U UIAV LS QY B reason, somo
uperators choose not to use economic values in their optimizations and concentrate instead
on maximizing some other parameters such as yield of a desired product. Additional
oplimization errors can occur when selecting constraints and manipulated variables. The
use of the wrong constraints, or incorrect values for the proper constraints can lead lo

oplimization errors,
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Optimal operation of stage dislillation column; As distillation is probably the
most widely used separation process in industry, objective functions such as maximize
separation, maximize productivity of top and bottoms and minimize energy consumplion are

the optimization technique that needs to be applied to the steady-state distillation.

2.6 Commercial simulation softwares [16-17]

Generally, the successful s of mass and energy balances of

large flowsheets to predictgl alternatives that can save millions
of dollars. An engineer flowsheet and all the process
conditions. Desklop cg . optimizalion, and dynamic
calculations thal previo gy computers. In the past, the
simulations were often buf'| ; "“».' a physical property expert.
Now, simulators such &S YSIM, PRO/, and SPEEDUP are

easier to use and more poWwer| £Slafidealone Brograms of the past.

2.6.1 PRO/I [16-17]
PRO/II i5"S|MS

the development. Lik :‘.jrlf s predecessi

roduct of four generations of
: d the calculation engine and
gave a partner called [HROviSIOn. PR WSS superifesponsive interface that gives
PRO/ the flexibility of a tggVi indow’" envirgpgent. Together, PRO/Il and PROvision help

v ) RGBT

F'RD is a comprehengive G::-mputer simulator that mnﬁ&!s steady-state
procesa wﬁ]w %m Wﬂf}ﬂﬁ %ﬂhﬂnels indusltries. It
operatesin a sequential modular fashion; each unit is calculated separately with the
calculations proceeding in a stepwise fashion from one unit to another. PRO/II combines the
data resources of a large chemical component library and extensive thermodynamic

properties prediction methods, with the most advanced and flexible unil operation
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techniques to provide the process engineer with the computational facilities to perform all

necessary mass and energy balance calculations to model mos! steady-state processes.

2.6.2 The main components of a PRO/I simulation [16]
Because PRO/II is a modular simulator, the input data are entered in almost any
order when using a simulator. Keyword input, however, must be ordered very specifically.

In either mode of input, all required dalg t be provided correctly to successfully run a

simulation. Figure 2.9 illustrates forrusiicatlinked in PRO/IN simulation and how the
various input data categoriesspaet’ )

Accuracy is |z judgements that the user must
make. The accuracy olsifie iaconcerns the selection of the
thermodynamic method be a large source of error in
process simulation. Sincg single thermodynamic method to
model all chemicals unde

SRK, PR, etc.

5 ra’: different models, for example,

f Thermodynamic

data
. t Qutput
data generation

Figure 2.9 Components and information flow scheme in PRO/II [16]
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Each model works well in some situations and poorly in others. The selected
appropriate methods are applied for pardicular flowsheet. Polar components at high
pressure should not be simulated with a thermodynamic method that was designed to
model low-pressure hydrocarbons. The experience and engineering judgement should be

applied to check that the results are reasonable. The selection of thermodynamic methods

The therm /11 may be classified into six

categories:

||
- e lmlytes

|deal method

’dﬂ M&l glmn&g m@m&lﬂeﬁd ") calculate the rl.uxture

properlies as wmghted sums of ge pure compgnent propertiggy Each component's
m@manﬁmmmmwmwm
good ap mxlmaﬂms for enthalpies and densities, more sophisticaled methods are almost
always required for K-values,

Generalized correlations

Generalized correlations are empirical or semi-empirical methods, mostly

based on the principle of comesponding states. They generally do not contain any
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adjustable binary parameters and are primarily useful for nonpolar hydrocarbon mixtures.
Examples of generalized correlations include the Braun K-10 (BK-10), Grayson-Streed (GS)
and Improved Grayson-Streed (IGS) methods.

Equations of slale

Equations of state used in this work are mathemalical expressions which invalye

the density, temperature, pressure and composition of a fluid. From an equation of state, the

component K-values as well as the an enitropy which deviate from their ideal gas

value can be calculated. We pise of Cguations of state are the ideal gas law

ore oﬁons of state include the Soave-

rs:.'-ns generally involve the use of

ur interactions between different

and the Van der Waals equai
Redlich-Kwong and Peng-Robips®
binary interaction parametei

components. The basi 2ful for systems of nonpolar

hydrocarbons; more safisUfad ) djfic : . able to better represent systems
containing polar compon; gfto c3 v‘f*’ ng Jar-liquid-liquid equilibrium.
-, L - 7 \
Liquid activity ( melt

LACT methods galc arting with an ideal solution and

correcting the result with activity activity coefficients are calculated from a
model for the exce ;‘; ik ,
methods are Non-ra T'E";_

(UNIQUAC). The binarylifiteraction para
be modeled with Henry'sglgw, and a heat gf ymixing option may be used to correct for

rrigetty in R S BHA S PLEF Y Spvatave, Lacr metncs

can successfull',rq"describe a wide vgriaty of n{mi&al mixtures (r@icularly mixtures of

R RSN NG o

 Special packages

jact _5, The most commonly used
;}':i' e Universal Quasi-chemical

c usually n', zcessary. Dissolved gases may

PRO/MI contains several special packages designed for thermodynamic
calculations on the specific systems. For example, glycol package with modified-SRK, sour

package, amine package, alcohol package, etc.
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Electrolytes
PRO/ is available for system in which aqueous electrolyte chemistry is

important.

Table 2.3 shows some applications for the most common forms of
thermodynamic methods. The accuracy of the simulation hinges largely on the selection of

the correct thermodynamic method hrings the reasonable results. Additionally,

transport properties are availab algulated by pure, petroleurn and Trapp
methods. The petroley ™ s sd4s | prediclivessgerrelations, including pressure

correlations, that apply tg

Table 2.3 ThermodynZ [16]

Form amples of thermodynamic
method
Generalized BK-10, GS, IGS
correlation
| Equations of stale SREK, FR
Liquid activity . I'NRIL, UNIQUAC,
method arom 'i exirae small  [TNRTL with Henry's Law
amomls of supercritical gases —

AMEADHDININNS. e
N R LTh L alob 1Y sl

simulations with assay-characterized feedstocks. There is no need to correct for pressure or

translate the American Society for Testing and Materials, distillation 86 (ASTM D86) data lo

true boiling point (TBP) data because PRO/II will perform all assay processing.



Chapter 3

Literature Reviews

Process simulations or mathematical models are widely used by plant engineers and
planners to obtain a better understanding of a paricular process. The simulations, for

example, are used to find the answers ¢ feed rate can be increased, how yields can

be improved, how energy consu ah 4be decreased, or how the available

independent variables should be.Sel XIUZE t, Understanding these reasons can

Kister et al. [18] d Asevhe Rack lingly minor mismatch led to the
discovery of a major simulglioryfgfigiency-bndisco \ the deficiency would have led to
a failed tower debottlef FTie match & \-r and simulation can make or
break the outcome and#SugfesS of Ebidimkiroubleshodling. This paper expanded and
focused on column troubleghog Sittiafion the idnot reflect the real world steered a
troubleshooting investigatio i ‘¢ Hia@nosis and into inadequate solution.

Once revised to reflect the real.ui ation proved invaluable for identifying

the carrect root cau e proper solution.

The column is if ., Bahia, Brazil. It performs a

sharp split between t ,l lose-boiling isomers, A1 and A, which constitute most of the
distillate, and a 'I‘rﬁ, ich ¢ i% ‘ 0 product, A preliminary
tower simulatinr@ﬁﬂbl pm Ejhﬁs fﬂ ﬂrﬁﬁﬁ;d simulation must use
a correct vapor-liquid equilibrium datf. For the A/BSseparation, whiBH is a relatively easy
hydroca 3 ﬂgﬁi@nﬁ ‘ I|ufmcflgoﬁg I:lasg.l;oad experience

using a cubic EOS such as the Soave-Redlich-Kwong (SRK) or Peng-Robinson (PR). A
number of checks indicated that both the SRK and PR equations gave similar results for this
simulation.

Klaithong [19] studied a dynamic distillation calculation using thermodynamic models

of which SRK equations of stale had been reported to be highly successful. This work
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demonstrated without doubt the effectiveness and usefulness of phase equilibrium
predictive methods base on the molecular interaction forces belween the mixture
components when they were applied to an actual distillation column, the debutanizer
column of the Bangchak Petroleum Public Company Limited. The design method adopted
in this work was divided into 2 stages, i.e., generation of thermodynamic calculation and a

dynamic distillation. Three thermodynamic models, Generic Redlich-Kwong (GRK), SRK

and PR, were used in calculation, The& S&ftifgl point of the generation of thermodynamic
equilibrium stage calculations,, all e properties, i.e., enthalpy, vapor-liquid
equilibrium and density ofieuidan r mi swere' calculated by the GRK, SRK and
PR models. In the second
developed. The data was clECk tlng program, PRO/Il. Once the
data are reliable accepis applied to study the dynamic
behavior.

For different case giidige, fypical yes et eWGRK, SRK and PR models were
considered. The SRK modals! : . ppresentation to the actual data of
the top and bottom productso! . The PR model was less deviated
from the actual data than the GRK oncluded that the SRK and PR models

atroleum Public Co., Lid. The

- M
advantage of this -V-- ! ",, le thermodynamic model for

I ".

can be applied to the. _____________ cha

column design.

Bo et al. [ stud:e‘ ﬂ m-::ess to%éparate propylene and propane in ethylene
production umrﬁh %Junﬁ ﬁ&f (ACN) as the entrainer.
A PROAI soﬂwam process simulation ad been applied with the selegtion of an appropriate
o YA LTI IR TRV Bhorird v e
experimeats and simulation on the existing process, and the novel extractive distillation
process was simulated by the PRO/I software. The existing and the new extraclive
distillation processes were simulated on the basis of the UNIFAC group contribution

method. The results of the simulation led lo the conclusion that the new process flow

scheme was much superior to the existing one with the savings of 13.2% reboiler load,
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79.1% condenser load, and the reduction of theoretical trays by 25%. The design of column
plates was made according to the simulation results. With the selection of the slant-hole tray
according to the design, the radius of plate could be reduced from 5to 3 m.

The column trays were then designed on the basis of the simulation results for the
application in the novel process in practice. The new process, the extractive distillation,

required less number of trays, less energy consumption and smaller column diameter, In

Phupaichitkul [5] reprosefls i applic dionof-a simulator, PRO/I, to eliminate the
limits of capacity expén ioh af 1o deb {881 ccess. The case study was the
topping unit in plant NS.2 aifthg el < Petr RUIY 0., Ltd. The existing unit could
handle a slight increasl cafadity i 45 KE couldnothandie the higher capacity upto
50 KBD because the e a‘ ng ags thesexisting equipment design. Thus,
the chosen case studieg : . cording to the simulation results,
bottlenecks occurred in allf8 heat exchanger network and utility
sections of the topping unit.

modifications as foos _ i ‘ slight bottlenecks less than

The separation. e columns, required column
Tl

94% flooding, and dom packing replacement that cglild handle serious bottlenecks.

Heat exchanger networl (BEN) required tlﬁliinch analysis to redesign the new HEMN.

Adding new um uﬂ:ﬂumﬂmﬁc ﬂmﬂnﬂe d to heaters and coolers,

usually, in par‘g"el connecting. Acebrding to thesgesults of ecoggmic evaluation, both
con B WA RO FH BV ion ot o
about 5&% and short payback period for about 2 years. Comparing two alternatives, the
50-KBD capacity was more attractive for debottlenecking because of less process

bottlenecks involved, which required less modifications.



Chapter 4
Research Methodology

In a chemical process, the transformation of raw materials into desired products
usually consists of many unit operations; for example, reaction, separation, mixing, cooling

and heating units. These units are combined into a complete process. To model a complete

process or a part of it, a simulateris if /7 rate the model or flowsheet, which is a

diagrammatic representati -‘__k‘_ nterchrfieet®ns, so-called the modeling. The model

will predict the products ¢ espending o the =EJ.__ ating data for-the same feeds and
operating conditions, shg i 3 a. The miod \grbase model represents the actual
conditions of the proceg’ l€af e 2d i evaludtgprocess performances [21]. For
instance, it predicts how, o e f Woutd-beh ve if, fe: ﬂuwrateisvariad higher than the

existing design, showfi in g

Feed __ - =14 Feec |, FProduct
streams —>|  Process ? T o Process [ sireams ?
N v

(a) Process moddliG oess simulation
Generate the model :i owshee Si

convers raw materials Tata desired products. pmoéss would behave if its feeds or

AU INYN TN
ARTETST Iy

4.1 Simulation and optimization of the existing debutanizer

dle the model to predict how a

i¥

With the successful development of a computer model for an existing debutanizer as
explained in chapter 3 [19], the operational results of the debutanizer conditions other than

the present conditions were simulated and compared so as to improve the debutanizer
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operation while the basic constraints of the refining operation such as product
specifications, etc. were satisfied. So far, a reliable and efficient method to solve the above
constraint optimization problems rigorously has not yet been devised.

Therefore, in the present work the existing debutanizer will be optimized to a certain

degree with the aids of the computer model by relying on a sample trial-and-error scheme.

reboiler temperature

simulator, this study arature by reboiler heat duty),

condenser duty, reflux rg w a should be investigated. There is

no effect due to condense dy because no fouling was found

\ : “\
during turn around andinsp

L

In order to Bduge tha'enmplEsit the present oplimization in operation
T : :
problem, some of the above'va s e are resultants, and only the important

ones are chosen to be oplimize ariables. Accordingly, the optimization

of theoretical analog i;..—“-? S iam sl lmie “'“i:‘ lowing variables are fixed:

= and compositions
18

i¥
-7 essure drop across the debutaniZér column at 0.177 kgf'cmz

f uﬁrjﬂﬂﬂmmn 3
“W"’fmmmﬂm NYIQY

- Reflux ratio
- Bottom column temperature
And the following operating variables will be investigated:

- Column pressure
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- Rehoiler heat duty.

Basically, adjustable parameters in controlling the distillation column are
pressure and temperature. Thus, the criteria to define column pressure and reboiler heat
duty as operating variables is because they are main control variables of the existing
debutanizer and are provided by column control faciliies on the actual debutanizer,

For the resultant variables, the condenser temperature, reflux ratio and bottom column

temperature are the results i=*-"-\ i / paramelers of the debutanizer were

adjusted.
J

The debutaniZ® p---* ance wi y be affected by any change in

column pressure and rebgi - ' ate, LPG, and off gas flowrates are

estimated. After a reasons ms have been chosen and the

corresponding simulation g#Suifs. u: evaluation is taken lo account
for the main operating®€os| r d-heater type reboiler, as well as

the product values of red {& .G. Bt ._

# P'r.

G
412 Product speclicagns AUA/4
TR

Any change in the r{* 2 ._

LT\

$ (column pressure and reboiler heat duty)
will naturally affect produ opefating conditions that yield the
in-spec products 5-,’ carn '—I:u specifications used to

determine the suitabilitfTér ace ] ) g cPnditions are shown in Table 4.1.

i

It should be ',nnted from the pmduc:t specifications that not only the hard

specification rﬁ ﬁﬁﬂﬂ%"ﬂ E’fﬁ] ﬂﬂle C, in LPG, etc. should

also be monitofgd. However, end poln't and m:tane number of the reformate are not of

inter .Eeﬂ Hm m@ ﬂbm are negligibly
affected ting an les considered as
hard specification is Reid vapor pressure of the reformate. In case of LPG, since the

production of LPG from the debutanizer is only a small portion of the refinery LPG pool,

therefore, LPG specification will not be considered as the hard specification and can be
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ignored in this work. There is no specification of off gas because it is used as the refinery

fuel,

Table 4.1 Product specifications of the existing debutanizer

Product Specification
1. Reformate - Reid vapor pressure 3.92 - 5.22 psi
{27 — 36 kPa)
99 - 102
205°C

2.LPG 2.0 vol % max.

In any refinery plant, i 14 specific ation of ¢ ff gas has n aim

4.2 Simulation and ' timization procedures &

- ﬁﬁWﬂﬁﬂﬁTﬂfm -
base case m efily) i ati higher economic benefit.
The sumulahun and évmnzahﬂ ﬁmceﬁures consistahthree steps asfolows

DU N LN )

' - Finding a representative simulation model or a base case of the debulanizer

- Optimization and economic evaluation

4.2.1 Setling the simulation model of the exisling debulanizer

The process flow diagram of the debutanizer including the streams of feed
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and products as shown in Figure 1.1 were defined. The components and physical
properties of each stream and the process conditions such as operating conditions, tray
efficiency, temperature profiles, etc. were listed. The proper thermodynamic method, which
is the critically important step to find the simulation solution, was selected.

The important potential consideration to choose the proper physical property
models of the debutanizer is using an appropriate vapor-liquid equilibrium. For reformate

and LPG separation, which is are

1eee gdrocarbon separation, the relative volatility
\[17/

can be expressed by the folle
B Y é
(4.1)
Where @ i key components. K, Keyis
the equilibrium constant gifthaigh COmponent e x » Key is the equilibrium constant
of the heavy key componegl. [IFhegsiatn, '\; bnut 2, a cubic EOS such as the

Soave Redlich Kwong (SRK) g PR) iSrecommended for modeling of stage
F i
[18]. A check of the experimentaigaia indic "that both the SRK and PR models gave

similar results at an ‘l#‘ However, the alions5RK model is applied in this
“‘J e PR model, The number of

work because it i:

theoretical trays is alsolan impon imulation. The number of theoretical

¥ i¥

trays has to be determingd from the numhe&gf actual trays. A good rough estimation is

ety SR ARV TN INT
PMNAFEEREY

where:

Nt = Minimum number of theoretical trays

LT Key = Fraction of the selected light key
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HY Key = Fraction of the selected heavy key
D = Fraction of selected key in the distillate product

w = Fraclion of selected key in the bottom product

The estimated tray efficiency of the debutanizer is referred to the typical overall

tray efficiency [17]. The tray efficiency is used to convert the number of actual trays to

theoretical stages. The tray efficiel d uniform, unless there is good reason to
assume different efficienciesyol e 20MOEY sections, i.e., tray flooding and tray
damage. . - .

The abm.r i 55 Have: ' ned before the simulation starts
[23]. The flowrate, temperg ‘ / ' \\ of the column were measured.

The pressure and te iler and condenser were obtained

from the actual condii ba rameters must be calibrated.

The debutanizer simulalj S are given in Chapter 5.

4.2.2 Finding a represe a base case of the debutanizer
i A ’ . y
The simulator was 5 find case from the simulation models of the
debutanizer based on the aclualdata b base case from actual operating data;
the actual operating'gl® T;:, parameters must be adjusted
to correspond the pre ,,.I le
|| |

include flowrate of pructs. reflux ratio, temperature pr iles and product specifications

::rlt:l; :h:;r E;ﬂﬁﬂﬂjim Bn’tﬁdsuata with the actual data,
L 1SR 11 EV N 111 |

is valid only if the simulation reflects the actual performance, i.e., plant data. The test runs

18 actual data. These parameters

and model tuning were done under the normal operating conditions to confirm the
simulation accuracy, reliability and consistency by checking the calculation of material and

component balances, i.e., the feed flowrate, the product flowrates and the compositions
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[11]. The simulated reflux ratio, reboiler heat duty, column temperature and composition
profiles will be compared with the measured data [18]. In a good simulation, the overall
tower performance is determined from field measurements by adjusting the number of
stages in the simulation until the simulation matches the measured compositions,
temperature profiles and flow. If the simulated reflux ratio and reboiler heat duty exceed the

measured values, the actual column efficiency is higher than the estimated one and the

number of simulation stages must b kewise, if those simulated values are less
than the measured reflux ra T ithe efficiency and theoretical number
of stages must be lo m and reboiler heat duty match the

measured values, the simulzber mtdel & actepled e represenlative model, and the

composition profiles are dgié

4.2.3 Optimization
The model is #Sed 1§ Bhservell PR of the existing debutanizer after
applying the operating €0 %, B GO presst \- d reboiler heat duty. All analysis
methods mentioned above car if he parameters of the debutanizer to
achieve economic benefits. As M e dbjectives of the oplimization consists
of two major items. The first is-to-tle erating costs associated with fuel cost

compared with the Seling prerahng condiion —The—Can ds the change in the product

i

values of reformate, (R, "2 warket demand. The simulation in

i u
this work is limited to Taximize the reformate and LPG dlle to their attractive prices. The
¢ o : :
cost of energy, umotiose! ﬁﬂi HMTmW operating costs, for
example, enerﬂ:m:'; n in=f. ndénsers were fixed. The economic
ATy
q
Economic benefit = Benefit (any case) — Benefit (a base case),

Objective function (Benefit) = Total product values - Energy consumption cost (fuel gas)
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In addition, the amount of the C; in LPG was also studied by changing the
B“—tray's temperature.
Figure 4.2 shows the simulation flowsheet of the existing debutanizer that was

simulated as a base case used in this work.

- -
R S

R S S L

R RN AR o
RINNTUUNIININY



Chapter 5

Results and Discussion

The results are divided into 2 parts. First, the simulation results of PRO/I are

discussed and compared with the actual data from the existing debutanizer, Second, the

5.1 Simulation resulE/
To check and tu
base case are compargwili i

Table 5.1 Comparison © j S\basy
L <Simia ‘\ Actual data® % Deviation
287 \

anizer, the simulation results of a

[able 5.1.

Item

1. Compositions
(mole fraction)

1.1 Off gas

Hydrogehd= 03 2.64

Methane :l ' 00426 _ 4.67

Ethane 0.18Z1, 0. 0.27

P e] | ' ' 3.82

n- 8.23
iso-Butane 8.55

1.2L

9 Propane 0.89
n-Butane 7.21
iso-Butane 0.54
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Table 5.1 Comparison of the simulation results of the base case with the actual data (cont.)

Item Simulated data Actual data* % Deviation
1. Compositions
{mole fraction)
1.3 Reformate
Reid vapor pressure (RVP), psi 4.21 4,22 0.24
2. Flowrate (kg/h)
Feed 73,851.91 0.77
Reformate 67,204.29 0.09
LPG 3,441.48 0.78
Off gas 536.10 3.43
3. Temperature profile W / , E
Overhead Il / E : 0.62
Top tray /) E f*?\\\,‘[x V60.49 0.13
g"way M 4 4 5 ‘i\\h % 94.85 0.12
2"way g J 7" 17 \ﬂ}\ 173.81 0.13
Bottoms ' f‘ 219.00 0.18
4. Miscellaneous
Reflux ratio Hohd )\ 23 3.50 2.77
Reboiler heal'y 963 9.47
(10° kcallJh )
T =
Column presdijfe 11135 0
{kg!cm absulutsn' o
319 AL O
*Atasteady~5 : -1‘3 ' : F J

qmmnifﬂumiwmé’ ]
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Table 5.1 compares percent deviations obtained between PRO/II simulation and the
actual data. The compositions and flowrate of each stream, and the temperature profiles
resulls obtained from PRO/II simulation agree with those from the actual data. The deviation
between the simulation results and the actual data are not more than 10%, which are in a
reasonable and acceptable range. As a result, it can be assumed that the base case from

the simulation models can represent the actual performance of the existing debutanizer of

this refinery plant. The simulation is & gagis for optimization and troubleshooting.

This base case is use g Simbl difiéiélw*Canditions in order to find the optimum

sation resulfs afﬂperaﬁng conditions are shown in

$eparatlun of key components.
//

is changed at a consie ajie ';;_ i ;' 21\psi and & tonstant reboiler heat duty of

operating conditions. The i
Tables 5.2 -5.6. Column

Tables 5.2 and 5.3 summarj

3.3163 x10° kcalh. Agfthe : B \ essure affects condensation,
vaporization, temperaturgd pj TG @l\ Iahlitles of components. LPG

flowrate increases when

gcause usually the column pressure
_ dght components will be induced to
reformate when pressure increases ] Efelamate flowrate increases.

From Tables 54 '  effect of re uhfis discussed. A decrease in

reboiler heat duty leasiede ale/

owrate but lower flowrate of

I
iF |

|
the overhead products. J

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i
QW’]Nﬂ‘iﬂJﬁJWVmEﬂﬂﬂ



Table 5.2 The simulation results at a constant reformate RVP of 4.21 psi
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Column pressure
(kglem’, absolute) 1.5 125 135 145 15.5
1. Compositions
{mole fraction)
1.1 Off gas
Hydrogen 0.3406 0.3532
Methane 0.0440 0.0453
Ethane 0.1897 01919
Propane 0,2941 0.2939
n-Bulang 00512 0.4942
iso-Butang 00918 Qogi2
1.2 LPG
Propane 0.3550 0.3618
n-Butane 0.2304 n2mz
iso-Butane 0.3083 0.3135
1.3 Reformate
2. Flowrate (kgh)
Reformate 67,138.10 67.165.56 B7.202.45
LPG 3,531.39 3,643.39
Off gas 101141 | 287580 | 2,585.22 2,436.33
3. Temperature profiles
Overhead 3216 32.33
Top tray 60.57 ﬁj}.ST 60.57 60.57 60.57
g 90.11 B6.62
2™ 7 176.84 179.67
Bottoms 211.48 21522 | 21860 | g 2358 221.78
f Reflux ratio 3.48 3.51 3.60 3.74 387
Rebailer heat duty (10° kcabh) 2.89 316 3.32 350 379
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Table 5.3 The simulation results at a constant reboiler heat duty of 3.3163 x10° keallh

(the relaxed reformate RVP case)

Column pressure
(kglcm’, absolute) 1.5 125 135 14.5 155
1. Compositions
{mole fraction)
1.1 Off gas
Hydrogen 0.3485 0.3729
Methane 0.0449 0.0477
Ethane 01940 0.200
Propane 0.2909 0.2828
n-Butane 0.0477 0.0427
iso-Butane 0.0844 0.0760
1.2 LPG
Propane 0.3635 0.3764
n-Butane 0.2203 0.2109
iso-Butane 0.2953 0.2857
1.3 Reformate
Reid vapor pressure (RVP), psi 497 575

68,111.56
3,927.60
1243.&2

30.97

60.57
94.41

' ZEM-tray 175.47 174.08 173.58 172.57 170.64

Bottoms 21568 21720 218.60 219.99 Z21.18

Reflux ratio 393 377 3.60 3.40 347
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Table 5.4 The simulation results at a column pressure of 12.5 Ic:gll’:::rn2 with different reboiler

heat duties
Rebaler heat duty
(10" kealh)
272 282 292 302 a1z 3.2z 332 342 382
1. Compositions
{mole fraction)
1.1 Off gas
Hydrogen o3saz | oari ; 3207 | oaies | ocsoss | ozoos | ozen
Methane 0.0506 : ' 0.0418 0.0403 0.0391 0.0390
Ethane oz11e |° 999 01 R 01845 0.1802 01761 01724
Pragane 0.2894 ‘ p2050 | 02920 | o204 | 02878
n-Butane 0.0 0 . o 00530 | 00575 | 00609 | 0.0644
iso-Butane 0.0683 " ;, o) 00036 | ooss2 | oqom | 09085
1.2LPG v :
Propane 037 1280 [P o639 4o E 3376 | 03290 | o3e0 | o314
n-Butane o203z Jf o 0286 51 02209 | o2s | ozt | oas7o
o-Butane 0.2618 : < , 03006 | 0307s | omaz | o7
Ca
1.3 Reformate e
Reid vapar pressure 534 ; o [ 4, a9 352 327 3.04
(RVF), psi =
: . AT
2. Flowrate (kgh) Y
Relomate 67 T | 665067 | esesce | esazs
LPG 2825 2 81 13475 | 320037 | 320850 | azesa9
Otf gas 2922.EH 302398 311142 | 320389 330837 340082 347688 362080 | 373409
3. Temperature b [ W)
~= @A IME
Oveess @] 2991 30.18 3035 | 3110 33.06 3345
T , 7 57 6057 7 B0.57 6057
[+1- fa I
¥ 1 04 85 kg
27"y 16505 | 166.45 wres | 16937 | 17087 17237 174.08 17596 | 176.94
Botioms ooton | 20080 | 279 | 21249 | 2w | 2570 | 2wz | ziese | zmee
4. Miscellaneous
Reflux ralio 317 35 3 347 as7 367 377 387 397
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Table 5.5 The simulation results at a column pressure of 13.5 kgfcm2 with different reboiler

heat duties
Reboiler heat duty
{10" kealih)
2, am an 322 aaz 3.42 352
1. Compositions
{mole fraction)
1.1 Off gas
Hydrogen 0.3275 0.2164 0.3065
Mathane 0.0426 0.0412 0.0400
Ethane 01871 0.1828 01788
Propane 0.2957 0.2065 0.2980
n-Butane 0.0530 0.0565 0.0600
iso-Butane 0.0921 0.0073 0.1020
12LPG
Propane 0.3475 0.3396 0.3319
n-Butane 0.2298 0.2382 0.2470
iso-Butane 0.3027 0.3115 0.3193
1.3 Reformate
Reid vapor 4.21 395 369
pressure (RVP), psi
2. Flowrate (kgh) _
Reformate | 6750427 | 6443008 | GRBBRYY| Jo7.135.10 | 66,995.67 | 6686188
LPG 997376 | 341439 | 344750 | 3.468.19
Off gas : . : : 6216 272968 | 283880 | 295205
3. Temperature
o P BN
J 75 | 30 : 32.54 32.96
-
5 57 60.57
1 89.63
ﬂ"—img.r 167.683 169,24 170.66 17247 17358 175.07 176.66
Bottoms 212.15 213.84 215,50 2171 2186 220.08 22147
4. Miscellaneous
Reflux ratio 322 331 3.40 3.49 160 369 3.80
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Table 5.6 The simulation results at a column pressure of 14.5 k-;;.u’-::m2 wilh different reboiler

heat duties
Reboller heat duty
(10" kealh)
3.2 332 342 3.52 362 ar2
1. Compaositions
{mole fraction)
1.1 Off gas
Hydrogen 0. 0.3236 0.3164 0.3158
Methana 0.0449 . 0.0407 0.0398 0.0397
Ethane 0130 0.1896 01867 0.1866
Fropane 0.2939 0.2941 0.2944
n-Butane 0.0544 0.0564 0.0574
iso-Butane 0959 01003 0.1024
1.2LPG
Propane 7 * 3503 0.3462 0,3438
n-Butane 0 RLE | 02356 0.2400 0.2403
iso-Butane v 03171 0.3265 0.3341
1.3 Reformate = ‘
Reid vapor pressure (RVP), 29 . 65 438 418 3.91
psi A
2. Flowrate (kgh)
Reformate 788 | 6722026 | 67.073.31
LPG 18 50 3,675.20 3,748.70 3827 42
Off gas m,az 202468 | 213680 2,239.10 23132 2,381.44
3. Temperature : i | o=
Over BE X 3260 3323
6057
B7.25
175.33
Bolloms 217.1 219.99 22137 22276 223,65 224,66
4, Miscellaneous
Reflux ratio 329 340 s 163 an 394
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5.2 Optimization results

5.2.1 Effect of debutanizer column pressure
The simulation started from the data of base case. The maximum column
pressure in this study is 15.5 Iv:g,-‘l.::m2 (absolute) regarding to the design. The effect of
column pressure on the reformate flowrate and fuel gas consumplion al a constant

reformate RVP (Reid vapor pressure) af 421 psi (a base case), shown in Figure 5.1. The

reformate flowrate slightly increa: pressure increases. This resull indicates
that when the column pressufeincreases, mefsseBiler heat duty or fuel gas consumption
is needed to keep the reformaiesRYP cof ; Jigure shows a slight effect of column
pressure on the reformatesf® et o elbmiate RVP. Figure 5.2 illustrates that
the LPG flowrate increase® ; _; 1 sure due to more condensation

of LPG from the overhead#¥: ‘ ang wrate of the off gas decreases.

ffrmate ok el gas consumption
68.5 o 500
et . y d'.--.Jv / ’/‘I E
g = J 400 @
5 680 - - &
8 . g
E -4+ 300 3
= 675 - : 5
%: 200 T
. 1 g
o B7.0 - - —_— =
2 - 100 =
e g / Q
, E
Eﬁﬂ ‘ ‘ 0
1156 128 13. 14.5 15 5

QW’]Nﬂ?W@T@rQW’lﬂﬂ

Figure 5.1 Effect of column pressure on reformate flowrate and fuel gas consumption at a

constant reformate RVP of 4.21 psi
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—®— | PG flowrate —*— Off gas flowrate

38 3.50

+ 3.00
. 36 - Q
g + 2.50 Q
w
g 34 T2% 3
é 32 i B3 1+5D ,@.
: @
O —_
A -1 1.00 E

3.0
+ 0.50
2.8 0.00

15.5

Figure 5.2 Effect of colf owrates at a constant reformate

RVP of 421 p
Figure 5.3 sho and economic benefit as a function of
the column pressun :;,;;:_‘;:.;:;;:;:;-:—r'f:ff.;;;;;;;;.;;;.:_,f pressure leads to a slight

increase in economic -'

\
a

N,
s %

BEgMic benefit is mostly obtained
|

from LPG production. Wfien the column pressure is higher'#ian 13.5 psi, the positive benefit

is achieved. B ‘ﬁ«ﬂi I'{ ‘ parations of reformate and
LPG at a high -ﬂﬂm u Hmi cmm column pressure so this
simulati is.not of eco ﬂ S P

ﬁ; ﬁﬁ a ﬂtﬁ i ﬂ% IQJQEMI&Q ﬁ &Lmate RVP when

column pressure increases at reboiler heat duty of 3.3163 x 10° keal/h (a base case). This
case or in other words “the relaxed reformate RVP case”, the reformate RVP must be
monitored within the specification of 3.92-5.22 psi as the reformate RVP of more than 5.22

psi will cause vaporization during use to gasoline due o its high gas or light-end content.
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—*— Fuel gas consumption ~ —%— Economic benefit
11

;_-::* Ly
— 16 g
(=]
* 1 2
e 2
/ T4 2
| =
< | 1 42

-19

18.5
Effect of: dtion and economic benefit at a

o =
(1sd) dAy e1ewioey

Column pressure [kg!cm )]

Effect of column pressure on reformate flowrate and reformate RVP at a

constant reboiler heat duty of 3.3163 x 10 kcalh
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Figure 5.5 indicates that the LPG flowrate increases as an increase in column
pressure while off gas significantly decreases due lo the decrease in overhead vapors and
more condensation of LPG fraction when column pressure increases at a constant reboiler
heat duty.

The economic benefit result and the reformate RVP is shown in Figure 5.6. The

economic benefit increases sharply when higher reformate flowrate is achieved by

increasing the column pressure will : ‘igboiler heat duty and leaving the reformate

P value, therefore, it should not more

ﬁﬁ kgfcm The maximum column

n section 5.2.1. Therefore, for a
// \k\\ LDbe 14.5 kg!cm

AN

than 5.22 psi, at which
pressure is designed at

safe operation the recomm

Z A’Im J‘R\ Offgas flowrate
s . T W 5.0
s ' T T i | _,_l 40 Q
o T 20 8
o NI B &
= W L 10 2
0.0 0.0

F'TTJEI’} mm:mmni
Figure ﬁ miﬁaa uﬂ Eﬂ;;’] ﬁnt; wﬂqﬂwcﬂam at a constant
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Figure 5.6 Effect of c"'v ' / \\\\¥ enefit and reformate RVF at a

constant Teboiler e v:

Figure 5.7 igh uged torbom@ame it %\ ®onomic benefit of two cases:

1) constant the reformate RVRJEEEZL o fhincleasing reboiler heat duty, and 2)

increasing reformate RVP or refs P al a constant reboiler heat duty of

3.3163x10° kcalih. hiows that the relaxed relommale™RePR | case has higher economic
| N

benefit, although the pBsHi eColumn pressure greater than
| o

13.5 kg/cm’. The ca 1) : i ‘

of relaxed reformate RVP is mo## interesting than the case of

b o} ) EW%W 0 A
AR TN TN
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—*— Reformate RVP 4.21 psi by increasing rebaoiler heat duty
—8— Relaxed reformate RVP at a constant reboiler heat duty of 3.316 Geallh

150

m
E 0
§ - =
150 - , /{A;k\\l\\\‘
" 4 » '_ ’\\\ \ ) 145 15.5

Figure 5.7 Effect of column gress i Zle ic el afit at a constant reformate RVP of

\
C,.... \\. ~
o .g 57 \ 3

421 psi and reldkeddeiammate B

5.2.2 Effect o -';.r.:rf':":-:;::-.l'.'*T.T'—.:.T;i——".:':'.'..;; agsure
The effecl’ & r’;— essure of 13.5 kgﬂ:rrll2 on the
|

i . . ot .
reformate flowrate and*the reformate RVP is shown in“Figure 5.8. In this case, lower

reformate flowr, I‘ﬁ Ff j - igher reboiler heat duty.
The reformate ﬂ’m a Mﬂu uﬂﬂﬁﬂiucm, The reformate RVP
must be monitored and _contro ,tﬁh valu ‘ e thapg 5. i. The flowrates of
LPG a@uﬁﬁﬁﬁiﬁfﬂ ﬁiﬁﬁﬁrﬁil&lﬁtﬁﬂ shown in Figure
5.9. This ?s because there are more overhead vapors at a higher reboiler heat duty. The net
economic benefit decreases when reboiler heat duty increases as shown in Figure 5.10

since the decrease in reformate significantly affects the economic benefit. The positive

economic benefit is altained when the reboiler heat duty is less than 3.3163 x 10° kcal/h.
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—+— Reformate flowrale —8— Reformate RVP
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Figure 5.8 Effect of rebojiér héa gty ort-fef6 \ e and reformate RVP at a column
pressure df 1248
\
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2 320 o]
) 1]
= 3.1mﬁ T19%
| =
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Reboiler heat duty (10 kcal/h)

Figure 5.9 Effect of reboiler heat duty on LPG and off gas flowrates at a column pressure

of 13.5 kglem”®
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—— Reformate flowrate —8— Fconomic benefit
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66.0 -40

2.916 A te| 0216 F6ig, 3.416 3516
ate and economic benefit at a

Studying the effegl of “'".:... Heat o a3t different column pressures as shown

/|
in Figures 5.11-5.13 is also worlfr & maximum studied column pressure is at

14.5 kga’cmz due to-gafe reboiler heat duty, the reformate

flowrate increases ; "'.i .11). Operating at the higher

column pressure resulls in iqure 5.13). A column pressure of

1
14.5 I-tg!cm will achieve i.%eater ECOoNomic beneht than the column pressures of 13.5 and

oot ﬂ‘lJEl’J‘VIEWIﬁWEI']ﬂ‘i
ammnim AN Y
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—*— Reformate RVP ata column pressure of 12.5 kgfem?2
—®— Reformale RVP ata column pressure of 13.5 kgfem?2
—&— Reformate RVP ata column pressure of 14.5 kgfem2
—2— Reformate flowrate at a column pressure of 12.5 kgfcm2
—O— Reformate flowrale at a column pressure of 13.5 kglcm 2
—&— Reformate flowrale at a column pressure of 14.5 kgfcm?2
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L #i‘ﬂ
Figure 5.11  Effect of @#bo r%_ re flowrate and reformate RVP at
different column pressures s
AN Y
At eve iler heat duty results in an
increase in LPG fl e reboiler heat duty, a higher

column pressure resulﬂn a higher flowrate of LPG but a lewer flowrate of off gas.
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—4&4— | PG flowrate at a column pressure of 12,5 kg/lem?2
—8— | PG flowrate at a column pressure of 13.5 kglem?2
—&— PG flowrate at a column pressure of 14.5 kg/om?2
—<— Off gas flowralte at a column pressure of 12.5 kg/cm?2
=L Off gas flowrate at a column pressure of 13.5 kg/cm?2
—— Off gas flowrate at a column pressure of 14.5 kg/cm2
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Figure 5.12 Effect of reboiler 7 and off gas flowrals at different column
=TI
= -
press
5.2.3 Effect of trﬂﬁ . ’ mnﬁnt in LPG

Figure 14 I||Hﬁtrat€‘5 the C cnntent in LPG and reformate RVP at various

temperatures ﬂ ﬁ E'l fayvlrﬂ@n ﬁnw mﬂ ‘igmflcantry when 8"-tray

temperature incligased. It can be conciuded that when temperature increases higher heavy

fractioq qna? m\}]twmr? vTadbg]DdUﬂt resulting in
more an‘q)unt of of C; in column appears to be a very small effect

on reformate RVP. More C,” in LPG impacts LPG specification. The C, in LPG must be

lower than 2.0 vol%.
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—%— Column pressure of 12.5 kgfcm2
—&— Column pressure of 13.5 kg/cm2
—&— Column pressure of 14.5 kglem2
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Figure %.14 Effect of the E“alray's temperature on C, " content in LPG and reformate RVP



Chapter 6
Conclusions

This work presents an application of simulation as a tool for modeling and optimization
of the existing debutanizer in the platforming unit of a petroleum refinery plant to maximize

the product yields and the net economic benefit for the most profit within product quality

constraints. The studied parametefs | “ f /. pressure and reboiler heat duty. The
simulation results suggest thaban ncrease benefit is observed when column
pressure is increased up {0 Al duty ranges from 2.7163 x10° -
3.7163 x10° keal/h, In casg e at a constant reformate RVP of
4.21 psi, it is found that_a re _up to 15.5 kgfcrn leads to an
increase in LPG flowrate afit \- i es not affect reformate flowrate
significantly. This cas€ regllits 3. sligh 3858 Iny economic benefit so it is not of
economic interest. L\ \
The effect of reboilerfie nefit is not significant as observed
in the case of column pressufé alldoansiant er M@at duty by controlling reformate RVP
within specification range or in: Gl ‘ elaxed reformate RVP case”. From the
simulation results, tg.aehieve high sconomic benefit, an mdFease in column pressure at a
constant reboiler heaf g Bferable. The recommended

parameters to oblain greateet economic benefit of ab® 'J t 61.12 US$/h at the maximum

reformate RVP LEE: ? and a rebuailer heat duty
of 3.2364 x10° ﬁﬁ ﬁﬁﬂw ﬂaﬂ‘j’j ﬁﬁt accurately estimale the
economic benef‘ t, it however providedfvaluable infommation on how tifgfexisting debutanizer
NORT bR Ealeval GILT takay ik 1k k]

Theqnase model of this work is very useful not only for optimization of the exisling

debutanizer, but also for debottlenecking, identifying equipment malfunctions, solving

product specifications and a guideline to train the operating personnel. In addition, it leads
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to further studies broadly such as the simulation of other unit processes in the platforming

unit er in this refinery plant or others.

AULINENINYINS
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Appendices

Appendix A

Sample of calculation: Economic benefit

As mentioned in Chapter 4, the objective functions of the optimization consist of two

major items. The first is to decrease\ihe gngrating costs associated with fuel cost. The
s0he reiormate, LPG, and off gas. Benefit is
@fmnate, LPG, and off gas. The
benefit of each case is cOMpaeeatl 1he|base "“"‘"t dptimal operating conditions that
‘x"—\-\k
by

e optimization resulls.

N

Example: Economic bene ata RVP case of 4.21 psi: as of

the average Pric

Benefit (a base case: 13 iBwrate x Reformate price) + (LPG
price) + (Off gas flowrate x Off
8)) - {Fuel gas flowrate x Fuel gas price}

(3.41 x 22061) + (2.73 x

And that at a constant refor, ‘mate RVP of 4.21 p .jat a column pressure of 14.5 kalcm }

Benefit (145ﬂcu El ’J Qn E]!Wtﬂa‘iw E’é")ﬂ ﬁsa x 220.61) + (2.59 X

158)} - {0. 4'[:-: 158}

Qﬁﬂﬁﬁﬂ‘imm?ﬂma&l

therefor re.q

Economic benefit (14.5 kg/em’) = Benefit (any case) — Benefit (a base case)
= Benefit (14.5 kg/cm’) — Benefit (13.5 kg/cm’)

=17,039.21 - 17,034.89 US$/h
=4.32US%h
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The calculations of other conditions are shown in Table A.2

Table A.1 Sale price of products and cost of energy (as of the average price in 2003)

Reformate (US$/1) 236.97
LPG (USSH) 220.61
Off gas (US$) v 158
Fuel gas for reboiler (US$/1) 4 158
Table A.2 Examples of ecaro fit at a consiar ate RVP of 4.21 psi
) . Tolal
Column | Reformate | L | ) Energy Econome:
pressure | Sowrate | flowr -  esonimoses AR | e
{kglom’} fun) {vh) ] ‘ velue L (USSM) s {USsm)
ks T ' gas | wssm COs
15 B67.08 3,1-.{ 0 361 47580 |1707568| s007  |voeser| e27
125 B67.10 3.30 2 3 | 45438 |17.084.51 546 1702992 498
135 6714 341 | pEa 09.72 4m29 |17ooazs| 5936 |1703489] 000
145 6717 353 — 06 | 40847 |17,10375| 6454 [17p3021| 432
155 6720 364 244 —gas BO3.77 | 38494 [1711367] 6898 |17.04370| B8O
LA
According to IR : = e : : ah by the oplimization at the
debutanizer column prest waat duty of 3.2364 x10° keal/h at

the maximum reformat ‘u’P of 5.22 psi, the greatest economic benefit is calculated as

”‘"“””f”“'“Ff‘NEJ’JVIEWIiWEJ’]ﬂi
QW’]Mﬂ‘iﬂJNMTNIEHQEI
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Table A.3 The economic benefit at a column pressure of 14.5 i-:.gp’-::rn‘1 and reformate RVP of

5.22 psi
Rebailer heat duty Economic benefit
Reformate RVP (psi) %
(10™ keal/h) (US$/h)
4.9663 52.36277
5.2200 61.12082
5.2852 63.37418

Table A.4 shows thg

Lexisting debutanizer (actual) and
that used in the simulation_g#8dg

Table A4 Comparisorn of tl

ulated tray number of a base

case
Simulated tray number
Condenser -4 & 1’tray
. J g "
T I I
emperature contro Al B tray
Feed tray J 0™ tray - 17" tray

RN TAUNNINGIAE



Appendix B

Input files and summary report of a base case

$ Generated by PRO/Il Keyword Generation System <version 5.6>

TITLE DATE=08/24/02

PRINT STREAM=ALL, RATE=LV

DIMENSION METRIC, STDTEMP=0, STDPRES=1.03323

SEQUENCE SIMSCI

CALCULATION RVPBASIS=APIN, TVP=37.778

COMPONENT DATA )

LIBID 1,H2/2,1P/3,2P/4,3P/5,4P/6 4P1/T, I / :
10,C2BUTENE/11, T2BUTENEM 2 HEXANEASIBUTENE/ 14 PROPENE/ &
15,30, SHLB=NONE —~y .

THERMODYNAMIC DATA

METHOD SYSTEM=SR

STREAM DATA , TN

PROPERTY STREAM=FEEL WPERATURE=44 2 SSURE=16.2, PHASE=M, &
RATE(WT)=3414.38 _@OMPOSINONM)=2,0.00/3,4 94/4.31.71/ &
5,29.71/6,31.03/7,0°7¢ A NORM, i -

PROPERTY STREAM=FE
RATE(WT)=2663.5
4,30.8/5,9.33/6,12.3/1

PROPERTY STREAM=F
RATE(WT)=1000, COM
8,0.05, NORMALIZE

PROPERTY STREAM=FEEDX, T¢
RATE(WT)=67204.4, ASSAY=

D86 STREAM=FEEDX, DA
40,121.5/50,130.1/80
100,209.4, TEMFE
SPGR STREAM=FE

PROPERTY STREAM=0) FGA

REFSTREAM=FEED2, RATE{WT] =2663.5

PROPERTY STREAM=REFERMATE, TEMPERATURE=220.4, PRESSURE=13 .88, &

mﬁ‘} R TRENIBAND....

REFSTREAM=FEED3, RATE(WT)z3414.4

PROP T, T, 7204 .4
bz B ik (MR
MIXER @/D=M2
FEED FEEDX, FEEDY
PRODUCT M=SIM-REFORMAT
METHOD SET=SRK01
CONTROLLER UID=CN1
SPEC STREAM=SIM-REFORMAT, RVP(D519), VALUE=4 .28
VARY STREAM=FEEDY, RATE(KGM/H)
CPARAMETER RETURMNUNIT=MZ, IPRINT, STOP

R"ESSURE=16.2, PHASE=M, &
23171 &

PREGSURE=16.2, PHASE=M, &
57,042/ &

24, PRESSURE=16.2, PHASE=M, &

20,98/30,111.3/ &
121/ &

Y

.18, F&SSURE:H&, &
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MIXER UID=M1
FEED FEED3,FEED2,FEED1
PRODUCT M=MIX
HX UID=E1
COLD FEED=MIX, M=51
OPER CTEMP=154.48
COLUMN UID=DEBUTANIZER, NAME=07C111
PARAMETER TRAY=25(0
FEED $1,17, SEPARATE
PRODUCT OVHD(WT)=OFFGAS,2663.5, B

[MS(WT)=REFORMATE,67204.1, &

DUTY 1,1/2,25

PSPEC PTOP=13.54, DPCOLUMN=

PRINT FRGPTABLE=P:V :

ESTIMATE MODEL=SIMPLE, BRA] 42 CTEMP=39 61, TTEMP=65.91, &

BTEMP=220 .4, Rji
TEMPERATURE 1,39.61/2,88 ¢
SPEC STREAM=REFQF
SPEC TRAY=2, TEMPERS
VARY DUTY=2,1
REBOILER TYPE=KETTLE
METHOD SET=SRK01

CALCULATOR UID=CA1
DEFINE P(1) AS COLUMN
PROCEDURE

R(1)=0
RETURN
END

SIMULATION SCIEN
PROJECT PROMI V

PROBLEM - CALCULATION
HISTORY,

S 1712 YT TVt . S—

*** PROBLEM SOLUTIGN BEGINS

= RATRIN 30 1A INYA

CONTR LLER AT ITERATION
SPECIFICATION MET ... 'H'ARMELE NOT CHANGED
SPECIFICATION VALUE = 4.28000E+00, CALC = 4.27845E+00

UNIT 5 SOLVED -'CN1 ;

UNIT 1 SOLVED -'M1 g

UNIT 2 SOLVED -'E1 !
INNER 0: E(ENTH+SPEC) = 1.968E-04
RETRIEVING PREVIOUS MATRIX
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INNER 1 : E(ENTH+SPEC) = 3.899E-06 ALPHA = 1.0000
ITER 1E(K) = 2.261E-04 E(ENTH+SPEC) = 3.B99E-06 E(SUM) = 5.08BE-04
UNIT 3 SOLVED -'DEBUTANIZER'
UNIT & SOLVED -'CA1 !
*** PROBLEM SOLUTION REACHED
*** THIS RUN USED 282.92 PRO/II SIMULATION UNITS
“** RUN STATISTICS
STARTED 20:18:28 09/21/03 NO ERRORS
FINISHED 20:18:29 09/21/03 NO WARNINGS
RUN TIMES NO MESSAGES

INTERACTIVE OMIN, 0.00 SEC_ § ,
CALCULATIONS OMIN, 0.78 SEC | /
R ; AGE I-1
ON 58 S 386/EM
.

PROJECT PROM

TOTAL 0 MIN, 0.78
H
PROBLEM
q ,.'-. -

SIMULATION SCIENCES INC:
g \ N

EEECSEETSSOSSSSSoREE

PAGE CONTENTS

—_

COMPONENT DATA
CALCULATION SEQ
5 MIXER SUMMARY
HEAT EXCHANGER S
6 UNIT 2, 'ET
CALCULATOR SUMMAR
7 UNIT 6, 'CAT'
COLUMN SUM =
B UNIT 3, 'DEBUTA}N REOFCIE
10 TRAY RATES AND'DENSITIES

F-Y

SIMULATION smeucesgc, R PAGE P-1
PROJECT PRQ{II VERSION 5.6 SI-E%.L 386/EM
O G todorpg bRy S Vb S
==========."—=—'==.-.ﬂ—".==============?===T'-.-.-—='--"==============----===='==-----=:=
W AL AR IRY T
_q
1 H2 LIBRARY VAPLIO 2.016 69.931
2 1P LIBRARY VAP/LIQ 16.043 299.704
32P LIBRARY VAPILIQ 30.070 355.049
4 3P LIBRARY VARILIO 44,097 507.199
5 4P LIBRARY VAPILIO 58.124 583.824
6 4P1 LIBRARY VAPLIO 58.124 562 545

7 5P LIBRARY VAP/LIQ 72.151 630.378



PROJECT
PROBLEM

8 5P1
9 1BUTENE
10 CZBUTENE LIBRARY
T2BUTENE LIBRARY
HEXANE

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
K3
32
33
34
35
36
ar
38
i}

IBUTENE

LIBRARY
LIBRARY

LIBRARY
LIBRARY

PROPENE LIBRARY

30

NEP
NBEP
NBEP
NEP
NBP
NBP
NBP
NEP
NEP
NBP
NBP
NBP
NEP
NEP
NBP
NBP
NEP
MEP
NEP
NEP
NEP
NBEP
NBP
NEP

21

29

38

52

60

67

80

a7

a5

102
110
117
125
132
140
147
154
162
170
176
183
190
188
205

LIBRARY

VAP/LIQ
VAPILIQ
VAP/LIQ
VAP/LIQ
VAP/LIQ
VAPILIQ
VAPILIQ
VAP/LIQ

ASSAY CUT  VAP/LIQ
ASSAY CUT P/LIQ

|

SIMULATION SCIENCES INC

622.112
600.707
626.482
609,399
663.345
599.808
521.485
521.485
737.706
744141
751.470
762.875
768.687
774.240
783.600
789.089
794.522
799 868
B05.144
810.346
815.532
820.656
825.538
830.607
B35.309
840.250
845.490
849.113
853.533
857.921
B63.017
866.731

PAGE P-2

AUy

AR TR RSB Y

KGI/CM2 M3/KG-MOL
1 H2 -252.800  -239.900 13.225 0.0650
2 1P -161.490 -82.600 46,908 0.0930
3z2p -88.630 32.300 49.802 0.1480
4 3P -42.070 86.670 43.334 0.2030
5 4P -0.500 152.000 38.746 0.2550
6 4P1 -11.730 134.980 37.196 0.2630

72
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7 5P 36.074 196.500 34.355 0.3040
8 5P1 27.850 187.240 34.479 0.3060
9 1BUTENE -6.300 146.400 41.019 0.2400
10 C2BUTENE 3.700 162.400 42.879 0.2340
11 T2BUTENE 0.900 155.500 40.606 0.2380
12 HEXANE 68.740 234.200 30.274 0.3700
13 IBUTENE 6900  144.730 40.792 0.2390
14 PROPENE -47.700 91.800 47,115 0.1810
15 30 -47.700 91.800 47.115 0.1810
16 NBP 21 0.2429
17 NBP 29 0.2532
18 NBP 38 0.2653
19 NBP 52 0.2852
20 NBP 60 0.2958
21 NBP 67 0.3062
22 NBP 80 0.3244
23 NBP 87 0.3355
24 NBP 95 0.3468
25 NBP 102 0.3582
26 NBP 110 0.3698
27 NBP 117 0.3815
28 NBP 125 0.3934
29 NBEP 132 0.4055
30 NBP 140 0.4174
31 NBP 147 147488 0.4300
32 NBP 154 154.77, 0.4420
33 NBP 162 162.4 “ 0.4549
34 NBP 170 170.610 4 0.4689
35 NBP 176 76.340 0.4788
36 NBP 183 gaiisas See st AR EET T 0.4911
37 NBP 190 g ) 0.5036
38 NBP 198 m A3 { % 0.5185
39 NBP 205 2044.902 413.262 27.665 0.5296
'3

SIMULATION —~ _ o

prosect ] Lot it dosaed| B Febreh

PROBLEM ql OUTPUT

- :éﬂaPONENT DATA mﬂmﬂ ’lﬁﬂ
COMPONENT  ACEN.FACT.  HEAT FORM. G FORM.
KCAL/KG-MOL  KCAL/KG-MOL

1 H2 -0.22000 0.00 0.00
2 1P 0.01040 -17814.56 -12070.08
3 2P 0.09860 -20066.78 -7672.47
4 3p 0.15290 -24805.58 -5633.13
5 4P 0.20130 -30040.13 -3982.90
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6 4P1
7 5P
8 5P1

9 1BUTENE
10 CZBUTENE 0.20218
11 T2ZBUTENE 0.21860
12 HEXANE
13 IBUTENE
14 PROPENE 0.14350

15 30

16 NBP
17 NEP
18 NBP
19 NBP
20 NBP
21 NBP
22 NBP
23 NBP
24 NBP
25 NBP
26 NBP
27 NBP
28 NBP
29 NBP
30 NBP
31 NBP
32 NBP
33 NBP
34 NEP
35 NBP
36 NBP
37 NBP
38 NBP
39 NBP

PROJECT

21
29
38
52
60
67
80
87
95
102
110
"7
125
132
140
147
154
162
170
176
183
190
198
205

017720
0.25060
0.22300
0.19100

0.29430
0.19580
0.14350
0. 158?6

0.39340
48310

PRO/II VERSIO

-32150.09
-34982.56
-36895.24
-26.80
-1670.01
-2670.01
-39872.93
-4033.68
4707.65

?94 84
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-5067.47
-2040.48
-3540.29
17030.09
15712.28
15022.36
-19.11

13877.76
1484427
1484427
MISSING
MISSING
MISSING
MISSING
MISSING
ISSING
ISSING
MISSING
SSING
MISSING
MISSING
ISSING
ISSING
MISSING
MISSING
MISSING
MISSING
MISSING

MISSING

SIMULATION SEINuﬂG’J 7] EJ V.I j w EJ‘ ’LQ ‘i

5.6 SHELL SEEJ'EM

%ﬁ mauaﬂ%%%%wm Vi

CALC Ul.ATIDN SEQUENCE

SEQ UNITID UNIT TYPE

1 M2
2 CM1
I mMm

MIXER
CONTROLLER
MIXER

SEQ UNITID UNIT TYPE

4 E1
5
& CA1

HX
DEBUTANIZER COLUMNM
CALCULATOR
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SIMULATION SCIENCES INC. R PAGE P-5
PROJECT PRO/I VERSION 5.6 SHELL 386/EM
PROBLEM OuUTPUT
MIXER SUMMARY 08/24/02
MIXER 1D M1 M2
NAME
FEEDS FEED3 FEEDX

TEMPERATURE, C
PRESSURE, KG/CM2
PRESSURE DROP, KG/
MOLE FRAC VAPOR
MOLE FRAC LIQUID

SIMULATION SCIENC 3 I A ‘
PROJECT R0k 5.8 sHEL sdd
PROBLEM

UNIT 2, 'ET’
OPERATING CONDITIONS
DUTY, M*KCAL/HR

COLD SIDE CONDITION

FEED m

J
MIXED PRODUCT ¢ S1
VAPOR, KG & ; ;
x«g;ﬂf’ml N Vi%‘w AN )
CP, K

LIQUID, KG-MOL/HR ¢ 788622  736.386

TGTA KG-MDUHR 802. 122 BDE 122

K*KG/HR 73.282 73.282

VAPORIZATION, KG-MOL/HR 52.236

TEMPERATURE, C 50.140  154.480

PRESSURE, KG/ICM2 16.200 16.200
SIMULATION SCIENCES INC. R PAGE P-7

PROJECT PRO/Il VERSION 5.6 SHELL 386/EM
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PROBLEM OUTPUT
CALCULATOR SUMMARY 08/24/02
UNIT 6, 'CAT'
RESULT NAME  VALUE RESULT NAME  VALUE
1 0.00000E+00  2- 200 UNDEFINED
SIMULATION SCIENCES INC. R PAGE P-8
PROJECT PRO/ VERSION 5.6 SHELL 386/EM
PROBLEM .
UNIT 3, 'DEBUTANIZER

TOTAL NUMBER OF ITEF NE

IN/OUT METHOD '2/ ‘
COLUMN SUMMARY
TRAY TEMP PRESSUE QD OR \FEED  PRODUCT DUTIES

DEGC  KG/CH ' = KG-MOLH

M*KCAL/HR

iC 320 13.5 i - 76.9V -1.1650

: ' 66.4L

2 6057 13.54/

3 662 13.55

4 734 13.57

5 828 13.58

6 B840 19,59

7 891 31

8 949

9 96.8 ‘

10 985 13: 163.1 31n a

1 1014 13.66¢ o, 1580

12 1036 ﬂ

2 e 19387 ﬂ%ﬁliﬂﬂ’]ﬂ‘i

14 1111 13.70 131 8 286.8

15 1191

s 4 atséﬂiéu:amﬁa A

17 1 7! 140

18 13.76 888.1 203.1

19 162.4 13.77 906.2 229.3

20 164.7 13.78 9223 247.3

21 167.8 13.80 939.5 263.4

22 1735 13.81 961.6 280.6

23 1807 13.82 993.5 302.8

24 194.9 13.84 1036.2 3347

25R 218.6 13.85 377.4 658.8L 3.3163
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FEED AND PRODUCT STREAMS

TYPE STREAM PHASE FROM TO  LIQUID FLOW RATES HEAT
RATES

TRAY TRAY  FRAC KG-MOL/HR.

M*KCAL/HR

FEED 51 MIXED 17 0.8504 80212
58218

FROD OFFGAS VAPOR 1 76.94
0.2811

FROD LPG LiQuiD
0.0778

FROD REFORMATE
7.6144

OVERALL MOLE BALANCE, i

OVERALL HEAT BALANCE
SIMULATION S’CIENCES
PROJECT b
PROBLEM

66.36

658.82

] -2 9976E-13
——— o 1950E-06

L BAGE P-9

UNIT 3, 'DEBU
SPECIFICATIONS

PARAMETER SPECIFIED
CALCULATED

TYPE VALUE VALUE

STRM REFORMATE 4280E+00  4.280E+00
TRAY LIQ - 6.502E+01  6.592E+01
STRM LPG [ Ft— W RARE ] 3414E403  3414E403

SIMULATION ECIENCEﬁC. PAGE P-10
PROJECT O/ll VERSION 5.6 EHELL 386/EM
PROBLEM LUTPUT

ﬂ‘ﬂ’ﬂ‘?ﬁﬂ'ﬂﬁﬂﬂ””fﬂ‘i

UNIT 3, 'DEBUTANIZER", '0?6111' {GDNTP-
w@*ﬁfa ?dmmmiL

ACTUAL DENS Z FROM NORMAL  ACTUAL

KG/M3 DENSITY K*KG/HR  K*M3/HR K*M3/HR
1 35.479 20.58737 0.88002 2.730 1.724 0.133
2 47720 2748177 0.81785 15.723 7.385 0.572
3 49.798  28.26976 0.81312 17.167 T.727 0.607
4  50.550  28B.34148 0.81422 17.272 7.659 0.609
5 50935 2821742 0.81687 17.132 7.539 0.607
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6 51212 2803630 0.81999 16.925 7.408 0.604
7 51463  27.85505 0.82305 16.716 7.281 0.600
8 51712  27.69806 0.82581 16.532 7.165 0.597
9 51965 27.56942 0.82823 16.375 7.063 0.594
10 52228  27.45988 0.83045 16.234 6.967 0.591
11 52516  27.35351 0.83272 16.091 6.867 0.588
12 52.858  27.23275 0.83533 15.925 6.753 0.585
13 53285  27.07895 0.83858 15.718 6.612 0.580
14 53835  26.85840 0.84298 15.440 6.428 0.575
15 54541  26.46221 15.003 6.165 0.567
16 55455 2562072 5733 0.554
17 60612  26.42859 3142 0.321
18 63371  27.84843 4,552 0.462
19 64.989 2864931 5.139 0.520
20 66312  29.26636 5.544 0.560
21 67.652 20.8233 5.905 0.598
22 69374 304 290 0.640
23 72.091  31.28889 6.787 0.698
24 76.840  32.7C 7.501 0.786
25 85506 3525691 8.458 0.915
SIMULATION SCIENCES | AGE P-11
PROJECT pRO/NYVER 386/EM
PROBLEM
coL
K 4
UNIT 3, 'DEBUTANIZERZDEZ 1:&
TRAY NET LIQUID F
ot RATES -
TRAY MW _ r STOLIQ  ACTUAL
I(G.-'ME DENSITY K®GHR  MIHR  M3/HR
Y ﬁfﬁﬂ ¢ mw TS I B
2 0 19356 22120
3 ss od4) 503.851 0.05139 11128  19.057  22.087
4 0.05075 0988 Q416 21461
- AP aEE3n i RN aE o
6 ; 5824 19.909
7 58.891 540.165 0.04857 10388 16371  19.230
8 59.546 548.158 0.04805 10231 15851  18.664
9 60.227 554,888 0.04769 10090 15407  18.183
10 60.987 560.650 0.04750 9.946 14997  17.741
11 61.912 565.970 0.04745 9781 14574  17.282
12 63.120 571.421 0.04754 9574 14092  16.755
13 64.778 577.538 0.04780 9.296 13495  16.0%
14 67.227 585.089 0.04832 8859 12646 15141



15
16
17
18
18
20
21
22
23
24
25

71.484
80.130
92.827
82.375
92.191
92122
92.188
92.518
93,462
95.934
101.206

AULINENINEINS

5596.235
614.814
626.906
620.663
616.870
613.926
611.383
608 838
605.647
600.797
s592.777

0.04944
0.05197
0.05577
0.05573
0.05573
0.05571
0.05565
0.05554
0.05544

8.040

6.794
80.007
82.040
83.540
84.9860
86.608
88.968
92.855
99.404
67.138

11.214
8.143
103.704
106.577
108.604
110.421
112.375
114.971
119.061
125.816
83376

ARIAINTAUNM TN
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13.484

11.051
127.622
132.180
135.426
138.288
141.659
146.127
153.315
165.454
113.260
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