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A significant portion of operating costs in process industries is spent on energy
consumption; therefore, exploring heat integration methods is essential to reduce
production costs without compromising product quality or performance. In this
study, process data from an isomerization unit was used to simulate the process
in Aspen HYSYS (V9), and the heat integration analysis was conducted using
Aspen Energy Analyser (V9). Initially, heat exchanger data was entered into the
software, and the resulting heat exchanger network (HEN) was examined. To
optimize energy consumption, the pinch analysis technique—specifically the
loop breaking method—was applied to eliminate redundant heat loops. As a
result, the number of heat exchangers was reduced from 28 to 25. This
modification led to a reduction in capital cost from $2.196x107 to $2.113x107
and in annual cost indicator from $2.394x107/yr to $2.373x107/yr. Therefore,
capital and annual costs decreased by 3.77 and 0.87%, respectively. These
savings are attributed to the removal of unnecessary heat exchangers, which
lowered both the heat duty and the surface area required. Furthermore, the
applied modifications led to a noticeable improvement in energy efficiency
through better heat recovery within the system. The novelty of this research lies
in the integrated use of pinch analysis and loop breaking for optimizing the HEN
of a real isomerization unit—an approach rarely addressed in previous industrial
studies. This method provides a practical and cost-effective model for
sustainable design in process industries.
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1. Introduction

The process of light naphtha isomerization is one of the most widely-used catalytic processes in producing high-

octane gasoline thereby contributing to the reduction of environmental damage [1]. [somerization involves converting
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normal paraffins into branched isomers that possess different chemical and physical properties, despite having the
same molecular formula [2]. The recent investigations in the field of energy-saving clearly show the significant role
of reforming processes. Various refineries use different isomerization methods to produce isomerates, all of which
are energy-consuming [3]. Therefore, retrofitting the isomerization processes to decrease energy consumption is both
important and quite necessary.

A "heat loop” refers to a circuit through the Heat Exchanger Network (HEN) that starts at one exchanger in the
network and ends in the same exchanger. In energy-intensive processes, identifying and eliminating such loops
becomes essential, as it can significantly minimize the total annual cost by redefining heat transfer paths. A path is a
circuit through the network that starts at a heater and ends at a cooler, or vice versa. The minimum values of energy
loads are achieved by breaking the loop using the heat paths [4]. The new heat exchanger network is created by
removing some heat exchangers to break the loops to decrease the number of the loops and the removal of the extra
heat exchangers causes energy relaxation and breaks the loops. Pinch technology is an appropriate energy-integration
method that helps eliminate the loops and minimize the amounts of heat loads and the amounts of hot and cold utility
and heat exchangers [5-7].

Recently, scientists have increasingly focused on retrofitting of the various processes by eliminating the loops in some
Minimum Energy Requirement or Maximum Energy Recovery (MER) designs. Li et al. have adequately investigated
the preheating of crude oil to save 2579 $/yr by loop breaking through Pinch Analysis (PA). They decreased cross
pinch heat transfer caused by 7 heat exchangers [8]. Elias et al. optimized a Bio methanol production process, resulting
in a 4.72% energy saving and 148,956 kW energy generation [5]. In another study, a 20% reduction in carbon
emission intensity was achieved in a palm oil refining process through carbon emission pinch analysis [9]. Loop
breaking also led to cost reductions in three separate units, with annual cost decreases of approximately 2.17%,
10.64%, and 3.68%, respectively [7]. Gabr (2018) showed in Grass-root HEN designs for a case study using Pinch
Analysis (PA) that the energy might be saved up to 65% compared with the base case using the loop breaking
methodology. He suggested four Grass Root designs after combining the above and below designs using Pinch Design
Method (PDM) [10]. Manizadeh et al. (2018) suggested a retrofit design of the HEN for a naphtha unit by eliminating
the heat exchanger, which had the lowest surface area, resulting in a 5.1% reduction in energy consumption [6].
Through HEN design and loop breaking, Anastasovski identified two loops in a HEN design and introduced two heat
paths between the utility heaters and coolers, achieving a reduction of 12 kW in hot and cold utility loads [11].
Furthermore, recent studies have introduced innovative methods to enhance pinch-based retrofitting. One study
applied a combined Pinch Analysis and Thot-Tcold diagram to optimize energy use in a residue hydrogenation
process, resulting in 202.71 GJ/h of energy recovery and approximately $2.76 million in annual savings [12]. Another
research advanced the traditional Spaghetti structure into an Enhanced Spaghetti Pinch Analysis (ESPA), which
improved cost prediction accuracy and reduced cost target deviations to within +5% [13].

This research aims to investigate and implement systematic approaches developed to integrate the process to satisfy
the heating, cooling, and costs of a light naphtha isomerization process. Initially, the base-case was analyzed to
determine energy targets, specially the heating and cooling utilities during heat transfer between the hot and cold
streams at the pinch point. Subsequently, the heat exchanger network (HEN) was retrofitted using the loop breaking
method—a technique within pinch analysis that allows heat transfer across the pinch point to eliminate unnecessary

heat loops. A review of the existing literature revealed that the application of loop breaking in isomerization processes
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for energy savings has been rarely explored. Addressing this gap, the present research evaluates the simultaneous
effects of HEN retrofit on capital, operational, and total annual costs in a comprehensive manner. Simultaneous effects
of retrofitting isomerization process on operating, Capital, and Total Annual costs were studied from scratch and,
finally yet importantly, this study is only a starting point promising some further studies in this field. This work serves
as a preliminary step toward more advanced studies in sustainable process design and energy integration in industrial

units.

2. Concepts and methodology

2.1. Process description

The feed to the isomerization unit consists of light naphtha direct streams, which are rich in normal pentanes and
normal hexanes [1]. The isomerization process converts normal hydrocarbons to branched isomers that have the same
molecular formula but different structural formulas. These isomers increase the octane number [14].

To separate the isopentane and improve the octane number, the feed is transferred to the deisopentanizer column. The
product from the bottom of the column is then sent to the dryer to prevent moisture contamination, as the isomerization
unit catalyst is sensitive to moisture [13]. Then, it enters the reactor, where isomerization and hydrogenation reactions
of benzene take place. The reactor effluent stream is directed to the stabilizer to separate hydrochloric acid and light
gases [14-15]. Then a low-stabilized product is sent to the deisohexanizer, where the octane number of gasoline is
further increased. In this tower, the straight-chain hydrocarbons are recycled back to the reactor as a recycle stream

[3, 14]. Fig. 1 shows the pictorial description of the process.
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Fig. 1. A pictorial description of the process

2.2. Pinch technology

Pinch technology, like the thermal coupling method [16], is recognized as a method for heat integration is a tool for
energy calculations and energy targeting to optimize energy consumption. Composite Curves (CC) play an important
role in the direct design of a Heat Exchanger Network (HEN), and the Grand Composite Curve (GCC) is essential in
process integration [10]. In the composite curves, the overlapping region between the two composite curves of cold

and hot streams indicates the maximum heat recovery that can be achieved in the process [17-18].

2.3. Loops and loops breaking
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A loop is a closed path that begins at a heat exchanger and, passes through the streamlines, and ends at the same heat
exchanger. Once a HEN that meets the the Minimum Energy Requirement (MER) targets is designed, the next step
is typically to reduce the heat exchangers number to the minimum. The first task to be worked out in the breaking
loop is the minimum number of the exchanger (Umin) in the network, which is calculated by Eq. (1) [18]:

Umin = Nstream + Nui-1 (1)
Where Upin is the minimum number of exchangers, Ngyeam 1S the streams number and Ny is the number of utilities
used in the design. The loops number in the network is determined by Eq. (2):

The number of loops = Usnex — Umin ()
Where Ugex is the number of exchangers in the design [7, 10, 20]. Therefore, a Heat Exchanger Network involves
Unex units (Unex > Umin) has (Unex — Umin) independent “heat loops”. Generally, heat flows across the pinch and the
number of heat exchangers is decreased when heat loops are “broken”, but the loads of utility are increased.

The loop breaking occurs when an exchanger is removed from the loop, and its heat duty is transferred to the other
heat exchanger of the broken loop [8]. After removing the exchanger, the network should be checked for ATmin
violation, and in case of the existing ATmin violation, this problem should be solved by correcting the heat duty of the
exchanger through the heat path. After breaking the loop, the number of heat exchangers decreases but the amounts
of hot and cold utility will be increased [6]. A small schematic diagram illustrating a loop-breaking scenario is shown

in Fig. 2.
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Fig. 2. Schematic diagram of loop-breaking

3. Results and discussion

3.1. Base-case analysis

The heat exchangers network of the studied unit, designed using Aspen Energy Analyzer V9, is shown in Fig. 3.
Aspen Energy Analyzer is a software for energy management that enables the optimum design of a HEN for
minimizing process energy consumption. The use of this software for development of heat integration projects not
only significantly reduces capital and operating costs but also minimizes the energy requirements of the HEN,
allowing the user to identify the best design solutions. In Fig. 3, cold streams are represented in blue and hot streams
are shown in red. This unit includes 13 process hot streams and 9 process cold streams. Additionally, the network
includes 6 shell and tube heat exchangers, 8 heaters, and 14 coolers, with one of the existing heaters being an electrical

heater.
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In this unit, there are seven types of hot utility and three types of cold utility. Hot utilities include LPS, MPS1, MPS2,
MPS3, MPS4, HPS steam, and power, where MPS steam is present in four different temperatures and names in the
network. Cold utilities include air, seawater, and water service (supplemental) water system (SWS). The outlet and
inlet temperatures and also the duty of each exchanger are shown in Table 1. The data collected for this research has
collected from the Process Flow Diagram (PFD) of the studied isomerization unit. The period during SOR (Start of
Run) to EOR (End of Run) is called cycle length. It is assumed that this study is based on SOR conditions. The lowest

temperature at which plant is commissioned to yield desired product quality is called SOR. The next assumption is that

Fig. 3. HEN of the base-case

the simulation is based on steady-state condition.

Table 1. Data extraction

Heat Exchanger Type Cold Stream | Cold in | Cold Out | Hot Stream | Hot in | Hot Out
E-1804 Cooler SWS 20.0 20.7 719 56.0 40.0
H-1801 Heater 606 146.0 316.0 Power 326.0 226.0
E-1824 Cooler Air 30.0 30.0 561 130.0 60.0
E-1807 Cooler SWS 21.2 26.6 732 60.0 40.0
E-1815 Cooler Air 29.4 30.0 339 99.0 53.0
E-1805 Cooler SWS 20.7 21.2 105 79.0 40.0
E-1801 Process to Process 701 40.0 83.1 732 102.0 72.0
E-1803 Cooler Air 28.0 294 712 64.0 56.0
E-1813 Heater 327 130.5 146.0 MPS2 215.0 211.0
E-1819 Heater 676 48.0 49.0 LPS 141.1 141.0
E-1821 Cooler Air 253 27.8 503 75.0 58.0
E-1827 Cooler SWS 30.0 40.0 905 59.7 40.0
E-1810 Heater 606 40.0 146.0 MPS1 191.0 173.0
H-1812 Process to Process 327 80.8 130.5 335 186.0 138.0
E-1814 Process to Process 402 53.0 82.0 339 115.8 99.0
E-1806 Cooler Air 29.4 29.4 732 72.0 60.0

E-1802A/B Heater 726 99.0 101.0 LPS 147.0 141.1

E-1820A/B/C/D Heater 553 130.0 132.0 MPS4 188.0 168.0
E-1822 Cooler SWS 27.3 29.6 518 58.0 40.0
E-1826 Heater 901 186.0 210.0 HPS 253.0 252.0

E-1817A/B Heater 452 175.0 177.0 MPS3 204.0 195.0
E-1809 Cooler SWS 26.6 273 613 60.0 40.0
E-1811 Process To Process 327 49.0 80.8 339 147.0 115.8
E-1823 Cooler SWS 29.6 30.0 561 60.0 40.0
E-1825 Process To Process 901 32.0 186.0 905 213.0 59.7
E-1816 Process To Process 402 82.0 134.0 464 175.0 127.7
E-1818 Cooler Air 25.0 253 407 92.0 53.0
E-1808 Cooler Air 27.8 28.0 613 304.0 60.0
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ATwmin plays a decisive role in designing of the HEN. The optimum AT, was at 10°C calculated by Aspen Energy
Analyzer considering the minimum Total Cost (Table 2). The Total Cost of the unit at ATmin = 10°C is 2.394x10"7 $/yr
, which represents the lowest calculated Total Cost. The Total Cost at ATmin = 10°C is 2% more than that of reported
for ATmin = 5°C. This difference is due to the displacement of the pinch point and changes in the number of hot and
cold streams on both sides of the pinch point. The Capital Cost Index and Operating Cost Index of the unit at ATmin
=10C are $ 3.529-10"7 and 1.425x10"7 US $/yr, respectively. Fig. 4 shows the effect of different ATmin value on the
Capital and Operating costs of the heat exchanger network.

Fig. 4 shows the optimization of ATmin on the overall costs of the heat exchanger network. Results shows that the best
minimum temperature difference that gives the lowest total cost for this unit is 10°C. At this temperature, the amount
of hot and cold side service (Qrmin and Qcmin ) consumed is 81.01 MW and 30.95 MW, respectively.

Fig. 5 shows that the hot utility (Qgu) and cold utility (Qc) requirements are 96.35 MW and 121.9 MW, respectively.
The heat imbalance between the cold and hot streams of the process results in the need for external utilities, as the
internally generated heat is not fully recovered. In some parts of Fig. 5 where the vertical distance between the hot
and cold stream is small, the energy recovery is high and the energy loss is low. Conversely, in the other parts where
the vertical distance between hot and cold composite curves is high, the energy loss is high and the energy recovery
is low. Composite curves indicate one main process pinch and three utility pinches, and since the optimum AT, is
10°C, the temperatures of the hot and cold process pinch are 92 and 82°C, respectively. The hot pinch temperature is
92°C and the ATmin is 10°C, therefore, the cold pinch temperature is 82°C.

Table 2. Optimization of ATmin versus total cost.

DTmin | Heating | Cooling | Areal-1 | Area1-2 | Units | Shells | Cap. Cost Index | Op. Cost Index | Total Cost Index
(&) MW) | (MW) (m?) (m’) ® ® ®
2.0 77.46 91.75 1.9558e+0 | 2.0935¢+0 39 166 4.162e+007 8.076e+006 1.906e+007
2.9 77.85 92.14 1.7552e+0 | 1.8217¢+0 38 144 3.629¢+007 8.136e+006 1.771e+007
3 77.88 92.17 1.7181e+0 | 1.8132e+0 37 139 3.598e+007 8.141e+006 1.764e+007
3.9 78.24 92.53 1.6409¢+0 | 1.7147e+0 | 46 134 3.432e+007 8.244¢+006 1.730e+007
4.0 78.30 92.59 1.6304e+0 | 1.7018e+0 | 46 130 3.396e+007 8.262¢+006 1.723e+007
4.8 78.64 92.92 1.5792¢+0 | 1.6411e+0 | 46 121 3.244e+007 8.363¢+006 1.693e+007
5.0 78.72 93.01 1.5674e+0 | 1.6276e+0 | 46 122 3.232e+007 8.390e+006 1.692e+007
53 78.83 93.12 1.5539e+0 | 1.6122e+0 56 130 3.255e+007 8.416e+006 1.701e+007
5.7 79.03 93.31 1.5313e+0 | 1.5867¢+0 56 126 3.190e+007 8.458e+006 1.688e+007
6.0 79.14 93.43 1.5189e+0 | 1.5728e+0 56 120 3.149¢+007 8.483e+006 1.680e+007
6.6 79.42 93.70 1.4929¢+0 | 1.5440e+0 56 119 3.097e+007 8.542¢+006 1.672e+007
7.0 79.57 93.85 1.4804e+0 | 1.5302¢+0 56 113 3.051e+007 8.573e+006 1.663e+007
7.1 79.61 93.90 1.4764e+0 | 1.5259¢+0 56 116 3.058e+007 8.584¢+006 1.666e+007
7.6 79.81 94.10 1.4613e+0 | 1.5094e+0 56 109 2.998e+007 8.626e¢+006 1.654e+007
8.0 79.99 94.27 1.4488e+0 | 1.4957¢+0 56 107 2.961e+007 8.664¢+006 1.648e+007
8.5 80.25 94.53 1.4328e+0 | 1.4768e+0 58 109 2.942e+007 8.714e+006 1.648e+007
9.0 80.48 94.77 1.4194e+0 | 1.4595¢+0 58 105 2.898e+007 8.760e+006 1.641e+007
9.0 80.50 94.78 1.4187e+0 | 1.4585e+0 58 109 2.916e+007 8.763e+006 1.646¢+007
9.9 80.96 95.25 1.3958e+0 | 1.4289e+0 58 105 2.857e+007 8.853e+006 1.639¢+007
10.0 81.01 95.30 1.3932e+0 | 1.4259¢+0 | 47 95 2.789e+007 8.867e+006 1.623e+007
10.8 81.44 95.72
11.0 81.52 95.81
12.0 82.03 96.32
18.0 85.11 99.40
27.0 89.72 104.0
42.0 97.14 111.4
66.0 105.8 120.1
106.0 121.9 136.2
169.0 135.9 150.1
272.0 137.6 151.8
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Fig. 5. Hot and cold composite curves of HEN at AT, = 10°C

The cross-pinch heat transfer of understudy unit is 20.99 MW. The heat exchangers contributing to cross-pinch heat
transfer include E-1811, E-1814, E-1808, E-1815, E-1801, E-1819, E-1810, E-1824, E-1812, E-1825 and E-1816.
Among these, E-1811 exhibits the highest and E-1816 the lowest cross-pinch heat transfer. Cross-pinch transfer
moves the unit away from minimum utility consumption. Improper design of the exchanger network and improper
exchanger matches leads to significant heat flow across the pinch point and resulting in uneconomical configurations.
Fig. 6 presents the Grand Composite Curve (GCC), in which the temperature of the pinch is 82°C. In this diagram,
the values of hot and cold utility targets are 95.30 MW and 81.01 MW, respectively. A thermal pocket exists in the
135-180°C temperature range of the GCC, containing 15 MW of surplus energy. This excess energy could potentially
be recovered in a different retrofit scenario, which is beyond the scope of the current study.

Based on the HEN shown in Fig. 3, the unit includes a total of 28 heat exchangers: 6 process-to-process heat
exchangers, 8 heaters, and 14 coolers. Also, the software has calculated the minimum unit heat exchanger to be 25.
Therefore, according to Eq. (2), there are three loops. The loop in the HEN increases the cost and number of unit
exchangers. Therefore, breaking the loops in the network is one way to reduce the unit cost. Now, the loops are

identified and removed to design the minimum unit heat exchangers (Umin).
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3.2. Identification and elimination of I*' loop

Fig. 7 shows the three loops with paths labeled ABCD, A'B'C'D’, and A"B"C"D", which are part of the HEN. The 1*
loop ABCD consists of four exchangers, namely, E-1807, E-1806, E-1823, and E-1824. Fig. 7 highlights the portion
of the HEN where the loop exists. The streams flowing from left to right are hot streams and the streams flowing
from right to left are cold streams. Fig. 7 shows that the 1*' loop is not simple and consists of four exchangers: E-
1807/ E-1806/ E-1823/ E-1824. A simple loop, by contrast, consists of four exchangers arranged in a rectangular

configuration and is easier to identify.

E-1815
339 ®
‘ E-1808 c” E-1809
613
\4 N

E-1824 A E-1823

561 }—.—A'—.

‘ E-1806 c E-1807
732 L ] - ®

‘ E-1803
712

518

Fig. 7. The 1%t loop (ABCD), 2™ Loop (A'B’C'D’) and 3™ Loop (A"B"C"D")

The simplest modification for breaking the loop ABCD is to remove heat exchanger E-1823, transferring its heat duty
to heat exchangers E-1824 and E-1807. This action reduces the heat duty of the cooler on stream 561 by the
corresponding amount, and increases the heat duty of the coolers on stream 561 and 732 by the same amount. This
process is commonly referred to as loop breaking. Typically, the heat exchanger with smallest heat duty in the heat
loop is removed, since the area cost saved with omitting a small heat exchanger is often greater than the cost incurred
by increasing the area of a larger one. Exchanger E-1823 is a cooler, which reduces the temperature of stream 561
using seawater and has a duty of 0.1933 MW. Its elimination causes heat to flow across the pinch. The pinch heat-
cross is such that the amount of E-1823 duty is shared with the two exchangers E-1824 and E-1807 and the duty of

E-1807 is correspondingly reduced from E-1806.
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If a ATmin violation occurs, then energy relaxation will be required and there will be changes in the utility targets. E-
1824 located on stream 561 increases the temperature of stream 561 from 130 to 60°C before loop breaking. The
temperature of stream 561 changed from 130 to 40°C and no AT violation was observed after loop breaking. The
values of hot and cold utility targets following the 1% loop breaking are 81.01 MW and 95.29 MW, respectively.

The Capital Cost Index and Operating Cost Index respectively showed reduction of 3.77% and 0.87% compared to
the base-case values and the new values are $2.113-10"7 and 2.373-10"7 US $/yr. This cost reduction is attributed to
the removal of one exchanger, and in terms of the Capital Cost Index, a larger heat exchanger is less expensive than
several separate heat exchangers. The Total Cost reduction is because of the cost of depreciation, repair, and
maintenance and design and installation of an exchanger with a larger area are less than a few exchangers in smaller
sizes. In addition, in this way, lower annualized costs may be achieved when the fuel cost is low compared to the
purchase cost of exchangers. The duty changes of the heat exchangers after the 1% loop breaking are presented in

Table 3.

Table 3. The duty of heat exchangers in base-case and after breaking the 1* loop

Heat exchangers Base case (MW) First loop break (MW)
E-1806 1.574 1.38
E-1807 2.623 2.816
E-1808 4.187 4.187
E-1809 0.3432 0.3432
E-1823 0.1933 -
E-1824 0.6767 0.87
Total 9.5972 9.5962

3.3. Identification and elimination of 2" loop

The 2™ loop, identified by the path A’'B'C'D’, consists of four exchangers, namely, E-1809, E-1808, E-1807, and E-
1806. Within this loop, the E-1809 heat exchanger with duty 0.3432 MW is the loop smallest exchanger and is
therefore eliminated. As a result of eliminating E-1809, its heat duty is redistributed to exchangers E-1808 and E-
1807, while an equivalent amount of heat duty is subtracted from E-1806.

E-1809 is a cooler that reduces the temperature of stream 613 from 60 to 40°C using seawater. After loop breaking,
the the outlet temperature of E-1808 is 40°C and there is no AT, violation after the 2™ loop breaking. There are not
any changes in the utilities value since there is no ATwin violation is observed, as well as the 1% loop breaking.
Therefore, the hot and cold utility targets are 81.01 MW and 95.29 MW, respectively. The Capital Cost Index and
Operating Cost Index also remain unchanged at $2.113-10"7 and 2.373-10"7 US $/yr, respectively. The 1% and 2™
loops that do not change the unit costs after breaking are called closed loops. The changes in heat exchanger duties

after the second loop breaking are provided in Table 4.

Table 4. The duty of heat exchangers in base-case and after breaking the 1* and 2™ loops

Heat exchangers | Base case (MW) | Breaking first loop (MW) | Breaking second loop (MW)
E-1806 1.574 1.38 1.037
E-1807 2.623 2.816 3.159
E-1808 4.187 4.187 4.529
E-1809 0.3432 0.3432 -
E-1823 0.1933 - -
E-1824 0.6767 0.87 0.87
Total 9.5972 9.5962 9.595
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3.4. Identification and elimination of 3" loop

Fig. 7 shows the 3™ loop, with the path A"B”"C"D", which is not a simple loop. It consists of four exchangers: E-
1808, E-1809, E-1823, and E-1824. These exchangers are shared with the other two loops: E-1823 and E-1824 are
common to both the first and third loops, while E-1808 and E-1809 are shared with the second and third loops.

Among the remaining two exchangers, the E-1806 exchanger, which is an air cooler with 1.037 MW duty, has smaller
duty than that of the E-1807 exchanger. To reduce the number of units, the 1.037 MW exchanger is merged with the

2.623 MW exchanger. This breaks the heat loop and there is no ATmin violation in the heat exchangers network after

breaking the 3" loop.

The amounts of hot and cold utility are 81.01 MW and 95.29 MW, respectively. Also, the Capital Cost Index and
Operating Cost Index are $2.113<10%7 and 2.373<10"7 US $/yr, respectively. The results obtained from breaking the
3" ]oop show that the 3™ loop has no changes in unit costs similar to the 15 and 2" loops. The duties of heat exchangers

in the three cases are summarized in Table 5 and the final HEN is shown in Fig. 8.

Table 5. The duties in base-case and after breaking the 1, 2" and 3™ loops

= TRE

Heat Base case Breaking first loop Breaking second loop Breaking third loop
exchangers (MW) (MW) (MW) (MW)
E-1806 1.574 1.38 1.037 -
E-1807 2.623 2.816 3.159 4.196
E-1808 4.187 4.187 4.529 4.53
E-1809 0.3432 0.3432 - -
E-1823 0.1933 - - -
E-1824 0.6767 0.87 0.87 0.87
Total 9.5972 9.5962 9.595 9.596
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é Bl

EEOEED

= T

o e e | e e ———— — — — —————

E 101

En

B8t

TR

10

Eam

G

E0EAE

wlodablalolsl e

IHDE

The 2™ and 3™ loops did not change the unit costs after breaking, as they share mutual heat exchangers with other loops.
Such loops are referred to as dependent loops. In the network, breaking independent loops cause changes in the unit;
consequently, only the independent loops are broken in the heat exchangers network. While the presence of loops
enhances energy recovery and provides greater flexibility in heat duty distribution (utilities), it also increases the overall
unit cost. Thus, it is recommended not to eliminate a loop if its removal does not lead to a reduction in costs.

Although no direct experimental validation was conducted through additional simulations or pilot studies, the output
temperatures obtained after implementing modifications—such as loop breaking and adjusting ATmixr—showed strong

agreement with the real operational temperatures of the unit. This close match between simulated and actual temperature

Fig. 8. HEN after final loop breaking

profiles provides reasonable confidence in the reliability of the Aspen model used in this study.
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4. Conclusion

Using the breaking loop technique, additional exchangers in the HEN can be identified and removed to minimize the
number of heat exchangers. In this research, after drawing the HEN and examining its structure, three loops were
identified within the network. Then three exchangers, namely, E-1806, E-1809, and E-1823 were removed through
the application of the loop-breaking method. After breaking the loop, the number of loops in the network was
minimized. Moreover, the Capital Cost Index was reduced from 2.196-10"" to $ 2.11310"7and the Operating Cost
Index from 2.394-10"7 to 2.373-10"7 $/yr. In this retrofit strategy, utility consumption remained unchanged, as there
was no requirement for additional energy relaxation within the system. Following the loop removal, no further
adjustment of heat exchanger duties was necessary, since no violations were observed. Ultimately, the number of

exchangers was reduced by three without incurring any energy penalty.
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