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Abstract

Distillation can contribute to more than 50% of plant operating cost. The operating conditions of distillation
operation affect both product quality and energy efficiency of the process. The need to reduce the operating cost
of existing units by optimization of the operating conditions of distillation has led to this study. The Straight
Run Gasoline (SRG) stabilizer column was simulated using the Hysys simulator. The operating parameters
investigated were the number of trays, feed tray location, feed pressure and temperature. The inputs for the
simulation were obtained from design specifications and data from the plant. The simulation results obtained
were verified against the actual plant data. Parametric studies were conducted by varying the values of the
selected parameters, the responses of the component concentrations and energy requirement for each operating
change were analyzed. The purity of SRG increased by 0.05%, when the feed tray location was moved from 7 to
5. The energy consumption by reboiler increased by 175kW as a direct result of the change. Similarly, the SRG
purity increased by 2.9% when the number of trays was reduced to 12 from 15. This operating change caused
the reboiler energy consumption to increase by 231kW. The reduction of the feed pressure reduced the reboiler
heat load by 5.6 kW. The optimization of the operating conditions of the SRG stabilizer column is trade-off
between energy usage and product purity as indicated by the results obtained.
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INTRODUCTION obtained goes to its stripper. The overhead enters the
The need for the importation of gasoline and other accumulator from the condenser. The output from the
products is a major challenge faced by the Federal accumulator is split into two streams; one of the
Government of Nigeria. The crude oil refining streams is reflux and returned to the top of the
capacity in the country is grossly inadequate to meet ~ column. The second stream is fed to gasoline
the local demand for the petroleum products. The stabilizer columns (Fazlali et al., 2009). The
optimization of crude oil distillation columns in the unstabilized paraffinic naphtha (the SRG) is charged
refinery is one of the ways to attain sufficiency in the into the SRG stabilizer column which is a
production of gasoline locally. The operating fractionation unit. In the stabilizer column the SRG is
conditions of the distillation column play a vital role stripped of methane, ethane, propane, butane and
in the performance of the column. Change in the other impurities which accounts for the instability of
operating condition of the column changes the the SRG. The stabilized SRG can be blended with
composition or purity of the desired component(s) other products to increase its octane number for use
and the amount of heat that may be recovered (White, as Premium Motor Spirit (PMS) and it also use as
2012). Therefore the optimization of all these feedstock for chemical manufacturing and in other
variables can improve the energy efficiency of the process industry.
distillation. The Straight Run Gasoline (SRG)
stabilizer (a distillation column) in Port Harcourt Distillation is the primary method of separation in the
Refining Company (PHRC) was used as a case study process industry (Bono et al., 2010) and is the most
to investigate the effects of operating conditions on common form of separation technique used to
the performance of distillation columns. separate a mixture of components that have different
boiling points, by boiling the more volatile
PHRC with 210,000 barrels/day nominal capacity is components out of the mixture preferentially. The
the largest refinery in Nigeria. The Bonny light crude degree of separation of a multicomponent system
serves as feed to the refinery. The crude oil is heated depends on properties of the feed mixture, operating
and fed into the atmospheric distillation column flash conditions and other process imposed restrictions
zone. Vapours go up tray and liquids come down the (Sobocan and Glavic, 1999).
tray. The entire different fractions of products
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The operating conditions considered in this study
were the number of trays, feed tray location,
feedstream pressure and temperature. The simulation
model used in the study was developed using Hysys
7.0 simulator. The thermodynamic package used was
Peng-Robinson equation. Aspen™ Hysys is one of
the most widely use software for refinery simulation
(Rahman and Kirtania, 2011).

The objective of this study is to perform the
simulation of SRG stabilizer column, in order to
investigate the influence of the operating condition
on the performance of the distillation column. The
study will demonstrate how the effects of the
operating conditions can be used to improve
separation and energy efficiencies of the column. The
key operating parameters are to be identified and
their ranges for optimization determined. The
resultant effects of each suggested operating change
on product purity and the energy usage to be outlined
for decision making to improve process efficiency
and profitability.

MATERIALS AND METHODS

The sequence of the steps taken in the research
methodology is shown in Fig. 1. The distillation
column design data were obtained from the operator
of the plant. The samples of the feed (unstabilized
SRG) entering the column and products from the
column, were taken for laboratory analysis to
determine their components and compositions using
the gas chromatography. The real operating
conditions of the column obtained from the plant are
shown in Table 2, while the components and
compositions of the feed, overhead and bottom
products obtained from the laboratory are shown in
Table 3, 4 and 5 respectively. The simulation of the
SRG stabilizer column was done by developing a
simulation model using Hysys simulator. The Peng-
Robinson  equation was selected as the
thermodynamic package for its wide range
application. The shortcut simulation model was
developed first before the rigorous model to estimate
the column performance. The design basis for the
simulation study is stated in Table 1. The selected
method of simulation was HYSIM inside-out which
is suitable for most cases

Data Extraction |

v

Model development and Simulation

v

Model Validation

v

Parametric Studies

Fig. 1: Steps involved in the optimization of the
operating conditions of the SRG column

Table 1. Design basis for the simulation

Thermodynamic Package  Peng Robinson

Method of simulation Plate by plate calculation
Solver HYSIM Inside out
Properties generation HYSYS properties

Short cut method Fenske-Underwood

Source: this current report

The flowchart for the simulation process is shown in
Fig. 2 .The shortcut method was used to predict the
reflux ratio and actual number of stages for the
distillation column. The column data obtained from
the shortcut method were applied in the rigorous
method simulation. The simulation and parametric
study was performed to obtain the optimum operating
conditions of the rigorous distillation column (SRG
stabilizer column) for the various parameters
investigated. The effects of number of trays, feed tray
location, feedstream pressure and temperature on the
product purity and the corresponding energy usage
were investigated. The block flow diagram of the
SRG stabilizer column is shown in Fig. 3 below,
while the flowsheet of the column in the Hysys
property template is shown in Fig. 4. One parameter
was subjected to change at a time while other
parameters were kept constant for the simulation
model to not deviate from the actual operating
situation. To determine whether the feed tray location
was situated at a desired location the base cases were
subjected to variation in the number of trays both in
the rectifying and stripping sections in the simulation
model

Determine the feed (SRG) component and composition

732

v

Determine thermodynamic model

v

Simulate the shortcut distillation on SRG Column

External reflux ratio and actual No. of
tray

Simulate the rigorous distillation on
SRG

Distillation and bottom composition

Data analysis and optimization

Fig. 2: Flow chart of simulation process of the SRG
column
Source: Bono, et al., 2010

Parameters: No. of tray; feed pressure;
feed temperature; feed tray location
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Source: Port Harcourt refinery operation manual

Table 2. Real operating condition of the SRG
stabilizer column

Table 5: Bottom product compositions from
SRG stabilizer column

Components

Parameters Values Mol%
Pressure 7.8 kglem? iC4(isobutane)
Temperature 110°C iC,
No. of trays 15 nC, (normal butane) 2.0
Feed tray no. 7
Feed flowrate 28.02 m/hr nCs.(normal SRG) nC,
Feed state Liquid-vapour
Source: Port Harcourt refinery operation manual Cyclopentane

iCs(isohexane nCst 98.0
Table 3: Feed composition to SRG stabilizer column o ) (SRG)

Components Mol%
H:0 4.48
Ci 111
C, 3.26
Cs 2154
iC4(isobutane) 11.86
nC,4 (normal butane) 8.16
nCs.(normal SRG) 28.93
Cyclopentane 9.07
iCs(isohexane) 1.03
nCe+( normalhexane) 4.77
Cr+ 2.65
Sulphur & other particles 3.14

Source: Port Harcourt refinery operation manual

Table 4: Overhead product compositions from the
SRG Stabilizer column

nCg+( normalhexane)

Source: Port Harcourt refinery operation manual
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H,0 -

C, 0.000
C2 0.081
Cs 32.825
iCy(isobutane) 24.204
nC,4 (normal butane) 42291
nCs.(normal SRG) 0.599

= g
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Source: Port Harcourt refinery operation manual

Fig. 4: The flowsheet of SRG stabilizer column
Source: this current report
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RESULTS AND DISCUSSION

The simulation model developed for the SRG
stabilizer column was verified against the real plant
data to test for its suitability for the parametric study
of the operating conditions of the column. The
simulation results obtained were compared against
the real operating plant data, a valid agreement was
found between the two sets of data. Statistical
analyses of the two sets of data were done to test for
any significant difference between the real operating
plant data and the simulation results. Table 6
compares the composition of the components in the
overhead product stream with the component
composition obtained from the result of the
simulation. Similarly, Table 7 compares the
composition of components for the bottom product
stream.

Table 6. A comparison between the simulator’s
output and real operating data (laboratory’s data) for
the overhead product stream

Real Operating Data

Components (Laboratory Data) Simulator’s Output
Composition (Mol %) Composition (Mol %)

Methane 0.000 0.001
Ethane 0.081 0.075
Propane 32.825 33.763
isobutane 24.204 23.512
n-butane 42.291 42.992
Pentane 0.599 0.654

plus (SRG)

Source: this current report

Table 7. A comparison between the simulator’s
output and real operating data (laboratory’s data) for
the bottom product stream

Real Operating Data Simulator’s
Components (Laboratory Data) Output
Composition (Mol %) Composition
iCs 2.0 (Mol %)
nC, } 1.3
nCs . (normal 98.0
SRG) 98.7

Source: this current report

Effects of Operating Conditions

Following the confirmation of the suitability of the
simulation model for the SRG stabilizer column, the
effects of changing various operating and design
parameters of the column were studied. It was found
that the independent changes in several parameters
affected product purity and energy efficiency. The
purity of the SRG in the bottom stream was selected
as the indicator of separation performance for the
column and the energy cost of instituting each
operation change was also considered.

Effect of Feed Temperature
The purity of SRG decreased as the feed temperature
increased as indicated in Fig.5. At the feed

734

temperature of 40, 60 and 80°C, the purity of SRG
were 99.42, 99.41 and 99.40% respectively. As the
feed temperature increased, the condenser duty
increased while the reboiler duty decreased as shown
in Fig. 6. When the feed temperature increased from
80 to 140°C, the condenser duty increased from
5,114,960 to 8,729,425 kJ/hr while energy
requirement in the reboiler decreased from 5,031,616
to 3,952,431kJ/hr respectively. The optimum
temperature range for the column was from 60 to
80°C. Feed temperature influences the overall heat
balance of a distillation column system. Increased
feed enthalpy reduces the required energy input from
the reboiler at the same degree of separation.
Increasing the feed temperature does not necessarily
improve the overall efficiency of a distillation
column. In this case, to maintain the required
overhead distillate purities, a higher amount of reflux
stream is necessary (Douglas, 1988).
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Fig. 5: Effect of feed stream temperature variation on
purity of SRG in the column
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Fig. 6: Effect of feed temperature variation on
condenser and reboiler duties in the column
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Effect of Feed Pressure

The purity of the SRG increased as the feed pressure
increased from 200 to 250 kPa. The purity of the
SRG slightly improved as the feed pressure was
increased to 870 kPa, however, the SRG purity
decreased sharply as the feed pressure exceeded 870
kPa as shown in Fig.7. When the feed pressure was
increased above 1200kPa, the purity of the SRG
increased sharply. The relative volatility of the
system is reduced at higher operating pressures and
this makes separation more difficulty (Bono et al.,
2010). The effect of pressure variations on distillation
operation seems not well-understood in the open
literature, because statements contradicting the
importance of pressure control on binary distillation
are found (Li et al., 2006).
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Fig. 7: Effect of feed stream pressure variation on
purity of SRG in the column

Effect of number of Tray
The purity of the SRG increased as the number of
trays increased as shown in Fig. 8. It can be inferred
that the number of trays affects the degree of
separation. When the number of tray was 13, 14, 15
and 16, the purity of SRG were 99.36, 99.38, 99.40
and 99.41% respectively. Moreover, according to
(Bono et al., 2010) high purity separation requires
large number of trays due to large separation factor,
S. As the number of tray was increased the energy
requirement for both condenser and reboiler reduced
as shown in Fig. 9. The actual number of trays
required for a particular separation depends largely
on the efficiency of the plates.
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Fig. 8: Effect of number of tray variation on purity of
SRG in the column
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Fig. 9: Effect of feed molar flowrate variation on
condenser and reboiler duties in the column

The Findings of the Study

The summary of the possible gains to be made in the
column performance by instituting certain changes in
the present operating conditions inferred from the
results of the simulation are shown in Table 8.
Besides, the gains expected in product purity, the
reboiler duty increase is tabulated to provide the cost
of instituting such change. Associated with each of
reboiler duty increases is the attendant increase in the
cooling required at the condenser which as to be
taken into cognizance (Petryschuk and Johnson,
1966). As indicated in Table 8, the increase in the
purity of the SRG in the column for any of the
indicated change was quite marginal. The gains made
by a reduction in energy usage are more economical.
Lower feed pressure resulted in lower energy usage
in the column. Increasing the feed temperature did
improve separation significantly but lowered the
reboiler duty. The purity of the SRG was increased
by 0.05% when the feed tray location was moved
from 7 to 5. Associated with this operating change is
increased power requirement (energy usage) at the
reboiler by 175kW. Similarly, the purity of the SRG
increased by 2.9% as the number of trays in the
column is reduced to 12 from 15; however, the power
requirement at the reboiler increased by 231kW.
Lowering the feed temperature to 60°C enhanced the
purity of the SRG by 0.01% with corresponding
increased in energy usage at the reboiler by 622kW.
Reduction the feed pressure from 765 to 500kPa
negligibly increased the purity of SRG and the same
time reduced the power requirement at the reboiler by
BkW.
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Table 6. Summary and Predictions from the Parametric Study

Straight Run Gasoline (SRG) Stabilizer Column

Plant Operating RESULT OF OPERATING CHANGE
Operating Parameters L Operating Change
Condition Product Purity | Reboiler Heat Duty CondeDnuste; Heat
o 0 increased by Increased by Reduced by
Feed Temperature 110°C Reduce to 60°C 0.01% 622 35KW 1241 92kW
Feed Pressure 765kPa Reduce to 500kPa Negligible Reduced by 5.56 unchanged
Reflux Ratio Total reflux - - - -
increased by Increased by 230.88 Increased by
Number of Trays 15 Reduce to 12 29% KW 230.88 KW
. Raise the location increased by Increased by Increased by
Feed Tray Location ! by 2 trays 0.05 % 175.31kW 175.50kW
CONCLUSION REFERENCES

The outcome of this study indicated that the operating
parameters (number of trays, feed temperature and
pressure, and feed tray location) played a vital role in
improving separation and energy usage of the SRG
stabilizer column. This study is limited by the fact
that all the operating parameters were not
simultaneously changed for the model not deviated
from the actual operating situation. Furthermore,
once an operating change is effected, other responses
are not cumulative. The optimal operating conditions
are subject to fluctuations in the quality of raw
materials and others process disturbances.

However, the operation of distillation column
involves a trade-off between energy usage and
product purity. Based on the result of this study, the
following conclusions can be drawn:

+ One of most reasonable operating change was
the reduction of the feed pressure .This resulted
into considerable reduction of the reboilers heat
loads, although the desired products gains were
very negligible.

¢ A reduction of the feed temperature to 60°C in
the SRG stabilizer column resulted into 0.01%
gain in purity of SRG and the condenser duty
was reduced by 1242kW. Reducing the number
of trays from 15 to 12 in SRG stabilizer
column and the relocation of the feed tray to
decrease the number of trays in the rectifying
section by two trays resulted in 2.9 and 0.05%
gain in SRG purity respectively. However, both
operating changes increased heat load at the
condenser and reboiler, thereby increasing the
cost of utilities.

¢ As a result of marginal gain in the desired
products of the processes, priority attention
should be given to operating change that will
improve the savings in the utilities cost.
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