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Abstract—Operating strategies and optimum feed tray locations were studied in a typical fractionation process of a
BTX plant in Korea in order to reduce energy consumption. Control systems with fixed V/F or R/F ratios could be
recommended for various feed compositions. By choosing the optimum feed tray location for the columns, about 16%
of energy consumption could be reduced.
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INTRODUCTION Table 1. Conceptual design data for a typical fractionation unit

. o . . . L Benzene  Toluene Xylene
Since distillation columns are major energy-intensive units in column column column

chemical plants, the recent increases in fuel cost have stimulated
plant engineers to find better operating strategies, better control sys- Number of tray & 70 47
tems and optimum feed tray locations of distillation columns [Zaki Feed tray 48 41,48 26, 30
and Yoon, 1989; Nada et al., 2000; Seo et al., 2001; Kim, 2000]._Pressure (kg/cfrg) 0.03-0.45  3.42-3.92  0.35-0.45
The old operating strategies and feed tray locations should be re-
evaluated in order to reduce energy operating costs in existing plantsolumn, a xylene column, and a solvent column. This paper focuses
Luyben [1975] compared three alternative operating strategie®n the first three columns, which produce high purity products: 99.9%
(or control systems) from a steady-state energy consumption standf benzene, 99.5% of toluene, and 90% of mixed xylene. The con-
point; constant-product-composition operation (or dual compositionceptual design data and operating pressure ranges of each column
control), constant-heat-input operation (or control with fixed vapor are shown in Table 1. The process flow diagram of the fraction-
boilup-to-feed rate (V/F) ratio), and constant reflux operation (oration unit studied in this paper is shown in Fig. 1. The products of
control with fixed reflux-to-feed rate (R/F) ratio). Luyben noted toluene and xylene are drawn at the top of the columns, but ben-
that no conclusions could be drawn as to what is the best contr@ene is drawn from the fifth tray to prevent the light ends involved.
system from an energy conservation standpoint for all distillation In order to simulate the fractionation process, a process simula-
columns. It was recommended that these V/F ratios be calculatetbr, HYSYS, was used with the real operating data of a typical frac-
for each particular column. He also found that the reduction of entionation unit of the BTX plant in Korea [Hyprotech, 1998; Toll-
ergy consumption by using the optimum feed tray for each feed conmiver, 1978]. Fig. 2 shows that the predicted temperature profiles fol-
position, as opposed to some fixed locations, could be quite differentow the real measured profiles of the columns. Thus, this steady-
In this paper, operating strategies (control systems) and optimunsteady model was used to calculate the V/F and R/F ratios of the
feed tray locations were studied in a typical fractionation processcolumns for finding the best operating strategies and optimum feed
of the BTX plant in Korea in order to reduce energy consumption. locations in the next section.

STEADY-STATE SIMULATION OF THE SELECTION OF OPERATING STRATEGIES
FRACTIONATION UNITS
Three different operating strategies (or control systems) were

The BTX plant is composed of four unit processes (hydrotreat-studied to find a better operating strategy for the columns. The
ing, extraction, fractionation and hydrodealkylation). The productsproper choice of control strategy could save energy consump-
from extraction units are fed to fractionation units, and high purity tion in the distillation processes.
benzene, toluene, mixed xylene are produced from fractionatiorl. Dual Composition Control System
columns. The fractionation units at BTX plants are one of the very A dual composition control (DCC) system is used to simulta-
complex and the most energy-consuming process. neously control both top and bottom product compositionany

The fractionation unit consists of a benzene column, a toluenex;. Fig. 3 illustrates a typical DCC system. For a given feed com-
position, %, the vapor boilup V and reflux R of the toluene column
*To whom correspondence should be addressed. were calculated by using the model used in the previous section.
E-mail: inwon@konkuk.ac.kr For example, the V/F and R/F ratios in the toluene column are shown
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Fig. 1. The process flow diagram of a typical fractionation unit.
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in Fig. 4. These calculations were performed for a fixed tray num-
ber, N, and constant feed tray;.N'his column has 25 trays with 1

the feed tray located at the®2day. The top curves in Fig. 4 show fed

the V/F and R/F ratio values for various feed compositions wher ceboler Steam

the DCC system was applied. Toluene and E-benzene are light-ke

and heavy-key components, respectively. Impurities of the light- e

key at the bottom and the heavy-key at the top are both 0.05 mol 4@—&7 B°(t§;n °

fraction. At this case, the maximum V/F ratio is 3.14 at abgat X

0.4, and maximum R/F ratio is 2.38 at about(X35. These ratios  Fig. 3. A dual composition control system.
were used for the control systems with fixed V/F or R/F ratios de-

scribed below.

Even though the dual composition control strategy requires theoen, 1975]. Throughput disturbances can be simply handled by ra-
minimum energy consumption for purity controls in distillation col- tioing reflux or heat input to feed rate while controlling one prod-
umns, this control strategy leads to closed-loop stability difficulties uct composition. The top or bottom product is controlled, and the
by the interaction between the two composition control loops. Thereethers automatically will be over purity spec because the ratio, R/F
fore, more control system equipment is required and capital invester V/F, is fixed at maximum. These control systems will be dis-
ment and maintenance costs are increased. Economically, it is ineussed in the next sections.
portant to note that dual composition control is not needed in ordeR. Control System with Fixed Vapor Boilup-to-Feed Rate Ratio
to minimize energy consumption when feed rate changes occur [Luy- The vapor boilup rate is fixed with a maximum V/F ratio of 3.14,
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In order to guide the choice of the V/F or R/F fixed control sys-
tems, the percentages of increases of utility consumption compared
calculated in the DCC system, and the reflux rate is regulated téo the DCC control system are shown in Fig. 5. The utility con-
satisfy the top or bottom product purity. Since excess vapor boilusumption includes the cost of steam to the reboilers and the cool-
is being used, the composition of the uncontrolled product will al-ing water to the condensers of the columns. As shown in the top
ways be better than standard purities. The middle curves in Fig. 4urve of Fig. 5, the control system with fixed R/F ratio is recom-
show the R/F ratio changes for this control system. For example, anended for the feed composition between 0.52 and 0.62 in the ben-
the light-key fraction in feed of about 0.54, the V/F ratio of 3.0 zene column. For other feed compositions, a control system with
was required by DCC (refer to the top curves in Fig. 4). But the V/fixed V/F ratio should be considered. In the toluene column, the
F ratio of 3.14 in this control system is 0.14 higher than the ratiocontrol system with fixed R/F ratio is favorable when the feed com-
using dual composition control. This represents a 4.7% increase iposition is lower than 0.55. For the given feed compositions of about
energy consumption for the feed composition of 0.54. For the feed.5, the control system with fixed V/F ratio is recommended for
composition is about 0.4, the energy consumption is minimized bythe benzene and toluene columns, and the control system with fixed

Fig. 4. VIF and R/F ratios for three different control systems.

the control system with fixed V/F ratio. R/F ratio for the xylene column.
3. Control System with Fixed Reflux-to-Feed Rate Ratio
The reflux rate is fixed with a maximum R/F ratio of 2.38, cal- OPTIMUM FEED TRAY LOCATION

culated in the DCC system, and one product composition holds con-

stant by manipulating the vapor boil-up. Since excess reflux is used, All of the previous calculations considered a fixed column with
the uncontrolled product purity will always exceed specification. Theno change in the feed tray. It has long been recognized that the op-
bottom curves in Fig. 4 show the V/F ratio changes in the toluendimum feed tray location varies with feed composition. Clearly, the
column. At X=0.54, the V/F ratio is 0.29 higher (9.7%) than the installation of other feed trays of the operating column is expen-
DCC case. Thus, for the toluene column, the constant vapor boilupsive; thus, several alternative feed trays are installed at the design
to-feed control system is more efficient in energy consumption tharstep [Warren et al., 1999].

the control system with fixed R/F ratio. By varying the feed tray location, the V/F ratios of all the col-
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Table 2. Calculation of the energy saving for a typical fraction-

ation unit
Real feed tray Optimum feed tray
BC CondQ 3505 2628
BC RebQ 555.6 312.3
TC CondQ 191.7 190.9
TC RebQ 1963 1953
XC CondQ 498.6 495
XC RebQ 358.5 354.5
16 Total(kW) 7072.4 5933.7
- S sl e |
g 16 -7 L= Remarks base -16.1%
& et
w 22
=18 == CONCLUSION
e i y e = > The operating strategies and optimum feed tray location were
‘ " (b) Toluene Column ' 0-7 studied for a typical fractionation unit in a BTX plant from an en-
N ergy saving standpoint. Alternative control methods could be cho-
a5 | sen to minimize the energy consumption for producing the stan-
‘ dard products. The control systems with fixed V/F or R/F ratios could
3+ be recommended for the various feed compositions. By choosing
the optimum feed tray location for the columns, about 16% of en-
25 r ergy consumption was reduced. The study for energy saving in this
paper could help revamp or redesign the existing process.
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