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+ hydrocarbons uses various 
processes. The isomalk-3SM process use a mixed metal oxide catalyst for 
the isomerization of n-butane, the isomalk-4SM process for the 
isomerization of 𝐶+ hydrocarbons and for the isomerization LSR uses a 
platinum mixed metal SI-2 catalyst. Axen technology uses chlorinated 

alumina (ATIS-2L) catalysts for the isomerization of LSR that are, 

once- through, DIH, IPSORB, and HEXORB. HEXORB that 

combination of DIH and molecular sieves, have the highest RON, and 

once through gives the lowest RON. UOP process has been used for 

different technics, that is including Buatmar, Penex, and Par-ISOM 

process. Chlorinated Pt/Al2O3 catalyst is used at Penex

1Persian Gulf 
Star Oil Company. Process for the isomerization of LSR, Buatmar 

process is taken for isomerization of n-butane, and non- chlorinated 

alumina catalyst used for isomerization of LSR. Recently, energy 

consumption has been increased, and studied of LNI units to 

optimization of energy consumption, and energy recovery and also 

present appropriate solutions to reduce energy consumption are 

important. Process Integration (PI) improved energy recovery and 

reduced loss of energy in chemical processes. PI is a methodology for 

continuous processes started and developed in the 1970s. There are 

three approaches to PI: 1) graphical methods including Pinch Analyses 

consumption and costs were reduced by 3.2% and 4.5%, respectively. 
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Medium pressure Steam (MPS) hot utility at 150°C has been increased 
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DIP section

The light Naphtha with the temperature of 40ºC and pressure of 
6 barg, will be entered to DIP column (CC- 1801) through E-1801. 
The purpose of this column is to remove isopentanes with a high 
RON from the reactor feed. Heat input to the column is provided by 
a steam reboiler (E-1802 A/B) serviced by Low Pressure Steam (LPS) 
on condensate flow control. The overhead product which is mainly 
isopentane is sent to storage on flow control reset by the DIP tower. In 
order to maximize the product RON, the recycle stream will be routed 
back from DIH side draw pumps and will be mixed with DIP bottom 
product to route to the feed drier section after cooling through E-1801, 
E-1806, E-1807 down to 40°C. The DIP section shown in makeup gas 
driers

Due to the extreme sensitivity of the Penex catalyst with water 
and other containments, the feedstock and the makeup hydrogen for 
the Penex unit must be routed through molecular sieve driers. These 
driers are designed to remove containments before they can reach to 
the Penex catalyst and deactivate the catalyst.

Liquid feed drier

The liquid feed driers that showed in are loaded with molecular 
sieves adsorbent HPG-250 for the removal of water and trace levels 
of oxygenates or sulfur compounds. The driers are operated in series 
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goes to the LPG recovery units or the fuel gas system during scrubber 
upset or emergency.

DIH

The purpose of this column (CC-1804) is to recover product 
isohexane and pentanes from the stabilized reactor products. The 
feed to this column is the stabilizer bottoms stream. Heat input to the 
column is provided by a steam reboiler (E-1820 A/B/C/D), serviced 
by medium pressure steam. Overhead vapor is totally condensed in an 
air fin type exchanger (E-1821). The overhead product which is mainly 
C5’s and di- methylbutanes is sent to isomerate storage. The bottoms 
product from the column is generally a small and is sent to storage with 
one AC E-1824 and a Sea Water (SW) exchanger E-1823 are provided 
to maintain cooling of the product down to 40ºC before storing it. The 
DIH column operation is fairly straightforward. The basic guidelines 
are to remove all the pentanes and 2-2DMB overhead while minimizing 
the overhead 3methyl pentane content. The DIH recycle stream is 
taken off as a lower side cut. Since the RON of 2MP and 3MP is lower 
than 2-2DMB and 2-3DMB, then DIH column is designed to limit the 
amount of methyl- pentanes in the isomerate and recycle back them 
to the rector section as lower side cut. The lower side cut is pumped 
back, and mix with the DIP bottom to enter to Penex liquid feed driers. 
The majority of the cyclo-hexane and 𝐶+ material should be rejected 
out the bottom of the tower. The RON of the overhead product is set 
by two independent variables. 1) The amount of 2MP and 3MP in the 
overhead. Since these components have an RON blending value of 
about 75, the higher their concentration in the overhead product, the 
lower RON will be. More reflux and more recycle to the reactor section 
would be required to decrease the methylpentanes. 2) The amounts of 
2-2DMB, 2-3DMB in the recycle line to the reactor section. Since these 
cssomponents have an RON blending value of more than 92, the higher 
their concentration in the overhead product, the higher RON will be. 
Less reflux and side draw and more products to the storage would be 
required in this condition. DIH section indicated in.

Methanator

Methanator system is provided for removal of 𝐶𝑜 and 
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efficiency, by retrofitting energy consumption of designed networks. 
To analysis the HEN, first, all the data from streams of the exchangers 
are collected in, and then imported the data into the AEA software. 
The LNI unit has 28 heat exchangers, which 6 exchangers are process-
to-process and the other exchangers heat transfer with utility, that 14 
streams heat exchange with cold utility (AC & SW) and 7 streams heat 
exchange with hot utility (which are: HPS, MPS and LPS), and one 
stream heat exchange with electrical heat exchanger.Data extraction of 
HEN 

Grid diagram analysis

Grid diagram of the HEN is shown in. The direction of the streams, 
in grid diagram was be consider, cold streams flow from right to left, 
and Hot streams flow from left to right. Pinch point is located at 92-
102˚C that showed in AEA software. Close observation of grid diagram 
of the HEN, showed that, heat exchangers E1811, E-1812, E,1824, 
E-1825, E-1810 and E-1808 are inappropriately placed in the existing 
network, that results in waste of energy in the refinery. Also these 
situations offered the opportunity for retrofitting of the existing HEN 
to recover heat in the process. 

Cross-Pinc

Cross-Pinch is the next options for retrofitting with high potential 
of heat recovery. The cross-pinch showed that 6.606 e7 kj/h can recover 
from HEN, indicated that heat exchangers located on the pinch point 
wasted the energy, and with changing the situation of these exchangers 
improve energy consumption. Theses exchangers are; E-1819, E1811, 
E-1812, E,1824, E-1825, E-1810, E-1808 and E-1814.

Minimum approach temperature ∆𝑻
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in the E-1811, then heated by the E- 1812, and after that send to the 
E-1813 that heated by MPS to reach 146˚C, which is shown in. Another 
stream number is 348, first, enters to E-1815, and then send to the AC 
to reaches 53˚C. By studying the second retrofitting case, the energy 
consumption has been changed. By simulation this case and designing 
a plan for saved energy consumption, stream 327, first, heat exchanged 
with stream 348 by E-1811-n as indicated in. Then send to the E-1812-
nn and after that send to the E-1813-nn to reached 167˚C temperature. 
By the second retrofitting case, the E-1815 has been removed, and MPS 
used in the E-1813 has also been eliminated. The results shown that by 
carrying out this case, the cross-pinch has been reduced by 3.5 e7 kj, 
and hot and cold utility has been reduced by 7.5%. Also, consumption 
of cold and hot utility has decreased by 3.8 e7 kj and 1.48 e7 kj, 
respectively, that illustrated in Table 1 and compare with the base case 
in Table 1.

The third retrofitting case on methanatore

In the third retrofitting, illustrated in, the stream number 905 
and 213˚C temperature first, enters the E-8125 to cool down up 
to 60˚C, and then, was sent to the SW heat exchanger E-1827 to 
reach 40˚C temperature. Another stream, with stream number 901 
and temperature of 32˚C first, enters the E-1825 and reach 186˚C 
temperature, and then, enters to the E-1826 to reach 210˚C using HPS. 
With simulation, to optimize the energy consumption, we changed 
the direction of the stream. The stream number 905 with 213˚C (hot 
stream), that the output of R-1803, First send to the E-1826-new and 
exchanged with the stream number 902 with 186˚C (cold stream), 
and then send to the E-1825-new. The E-1827 was eliminated due to 
reaching to the desired temperature, that illustrated in. The stream 
number 901 with 32˚C (hydrogen stream) exchanged in the E-1825-
new with stream number 906 with 189˚C. In this retrofitting case, one 
heat exchanger was removed, and E-1826 which used HPS changed 
to the process-to-process heat exchanger. Also, E-1827 that used cold 
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bottom of column were decreased, and in result the duty of condenser 
and reboiler were reduced. These changes saved the 0.2 e 7 kj or 2.75% of 
energy in the column. Also the product composition showed that there 
are a little changed in product composition and yield, that we consider 
constant. Since, in this case the RON and the pressure of 2-2DMB and 
2-3DMB in top of DIH is the major, then C5’s and di-methyl butanes in 
isomer is the key components that determine the Top of DIH pressure. 
For total condenser, in operating condition the temperature of C5’s 
and di-methyl butanes that is liquid were determine the pressure of 
condenser. Also the operating condition were changed in summer and 
winter.

Stabilizer

In Stabilizer the condenser temperature at the top of column is 
53˚C, and the reboiler temperature at the bottom of the column is 
177˚C. Therefore, the condenser and the reboiler of stabilizer column 
were on the both side of the pinch point (97˚C), and the stabilizer 
column should be studied in energy consumption according to pinch 
point position. Therefore, we investigation the pressure of column to 
change of the condenser and reboiler situation in order to improve 
energy consumption. In Stabilizer column used the PA for pressure of 
column because the pinch point was in the middle of top and bottom 
temperatures. By changing the top pressure of the column from 14.2 
to 12.4 barg and the bottom pressure of the column from 14.4 to 12.6 
barg, the heat duty of the reboiler has also been decreased, which is 
given in the Table 1. As we say in above, with decreasing the pressure 
of top and bottom column, the temperature as well as decreasing. As 
we expect the duty of reboiler decreased. These changes saved 0.2 e 7 kj 
or 3.7% of energy consumption in the Stabilizer column. Also changed 
the operating condition in top of the Stabilizer is related to the key 
component of product. 

Total saving of energy consumption

In this research, we studied five retrofitting cases on HEN of the 
LNI unit that discussed above.

The first retrofitting case was on the Feed and make-up gas drier. 
By doing this case, the E-1809 heat exchanger was eliminated which 
included a SW heat exchanger and, MPS in E-1810 were removed and 
replaced by the process stream. The duties of the H-1801 electric heat 
exchanger and E-1808 AC heat exchanger were reduced by 90.78% 
and 72.1%, respectively. Also, cross-pinch has been reduced by 1.282 
e7 kj/h or 19.4%. The total utility consumption was reduced by 3.65%. 
The second retrofitting case was on the Reactor Exchanger circuit and 
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