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INTRODUCTION

One of the major sources of energy supply
is fossil fuels. Moreover, Natural gas has
been considered in recent years due to lower
environmental pollution. Natural gas is a clean,
inexpensive and abundant fuel used today for
domestic and industrial use as feedstock for
petrochemicals. It is very costly and expensive to
ship natural gas through the pipelines, especially
in long distances, especially in the deep-sea areas
and the sea floor. Hence, one way to overcome
this problem is to transport this gas through a
vessel or tanker, which it makes the natural gas
somehow [1]. The present study simulates the
PRICO process in the Aspen HYSYS. Due to the
constraints that Iran faces such as water scarcity,
the reference process was developed ,and anew
process was introduced to solve these problems.

Since the liquefaction processes of natural gas

Accepted: November/16/2019

are very energy efficient, the process energy
consumed is obtained by the genetic algorithm
optimization and the values of the process
variables. The optimization results showed that
the decrease in energy consumption results in an
increase inthe heat exchange surface so the multi-
objective optimization of the genetic algorithm
was used to simultaneously optimize the energy
consumption and heat exchanger surface and to
evaluate more accurately the results which were

analyzed on energy and exergy analysis.

EXPERIMENTAL PROCEDURE

PROCESS DESCRIPTION

The core of the process is generally the heat
exchanger cooling processes. In a heat exchanger,
heat is received by the high pressure refrigerant
flow (outlet from the second compressor, stream

9) of the gas and the low pressure refrigerant



flow (outlet from the valve, stream 11). Natural

gas in the heat exchanger also loses heat ,and its
temperature drops to -160 °C. The lack of water
resources is one of the problems that Iran is
facing. In some areas, it is also very costly and
difficult to set up water facilities to supply water
to coolers. For this reason, air coolers are used to
cool the refrigerant flow in the cooling cycle. The

PRICO process is illustrated in Figure 1.

SINGLE-OBJECTIVE AND MULTI-
OBJECTIVE OPTIMIZATION WITH
GENETIC ALGORITHM

Multi-objective optimization is often used when
improving one process function will make the
other function less favorable. In the process of
liqguefaction of natural gas, this contradiction can
be seen in the functions of energy consumption
and the surface of heat exchanger. As the energy
consumption decreases, the hot and cold
curves approach each other and the minimum
temperature of the heat exchanger is reduced.
Reducing the curvature distance results in an
increase in the surface of heat exchanger and its
size. Therefore the objective function of energy

consumption and surface of heat exchanger are

MIXER

PUMP
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considered as follows:

S1(xX)=Wep tWeann) (1)
fo(x)=Udy; (2)
In which £ (x ), WcM1'WCM2'f2(x)' U and AHE
are first objective function, energy consumption
of first compressor, energy consumption of
second compressor, second objective fun, heat
transfer coefficient which is equals to 700 and

heat transfer surface, respectively[2].

RESULTS AND DISCUSSION

RESULTS OF SINGLE-OBJECTIVE AND
MULTI-OBJECTIVE OPTIMIZATION

First, the PRICO process is optimized with the
objective function of the energy consumption by
single-objective genetic algorithm. Convergence
of generations shown in Figure 2. The results
of multi-objective optimization of energy
consumption and heat transfer coefficient are
illustrated in Figure 3. As shown in Figure 3, as the
process energy consumption improves, the heat
transfer coefficient or surface of heat exchanger
of the process becomes more undesirable. The
best multi-objective optimization solution is

specified in the Figure 3 with a circle.

Boil-off gas

Figure 1: PRICO process [3] with air cooler.
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Figure 4: Temperature Approach of heat ex-
changers.

The exergy efficiency and the exergy destruction
ratio of the equipment are presented in Figures
5 and 6. In the optimized process with one
objective due to closer curves of hot and cold
composite curves, exergy destruction ratio of

heat exchanger was lower and its exergy efficiency

was higher. The higher the hot air temperature of
the air cooler is, the more exergy they destroy. So
the exergy destruction ratio of second air coolers
in both optimized processes is more than the
first ones. The highest exergy efficiency is related
to heat exchanger. The reason is the increased
exergy fuel and product of this equipment, which

ultimately results in increased exergy efficiency.
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Figure 5: Exergy destruction ratio of equipment
in optimized processes
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Figure 6: Exergy efficiency of equipment in opti-
mized processes

CONCLUSIONS

The simulated PRICO process in Aspen HYSYS
was optimized by genetic algorithm. The results
showed that with single-objective optimization,
energy consumption decreased by 28.21% to
1138 kWh per kilogram of liquefied natural
gas, the surface of heat exchanger increased by
25.19%; in other words, it increased to 4711.2

m2. While in multi-objective optimization, energy



consumption and the surface of heat exchanger

decreased by 7.96% in other words, it decreased
to 1459 kWh per kilogram of liquefied natural
gas and by 3.19% and in other words, decreased
to 158.99 m?, respectively. Energy and exergy
analysis showed that the optimized process with
one objective function of energy consumption
has better performance and less destroyed
exergy. The distance between the cold and hot
composite curves was lower in the one objective
optimized process, so its exergy destruction was
calculated less than the multi objective process.
Also, by exergy analysis of the equipment, it
was found that the heat exchanger had the
highest exergy destruction ratio and exergy
efficiency than other equipment. Due to the
lower energy consumption of the compressors
in the optimized process of the compressor, their
exergy destruction was also less calculated.

In general, energy and exergy indices showed
better performance and less exergy destruction

for the optimized process of energy consumption.

REFERENCES

[1]. Nikazar M., Keynejad K., “Oil and gas emer-
gence —refining,” Applied Sciences, Tehran, 2012.
[2]. Aslambakhsh A. H., Moosavian M.A., Amid-
pour M., Hosseini M. and Amirafshar S., “Global
cost optimization of a mini-scale liquefied natural
gas plant,” Energy, 2018.

[3]. Morosuk T., Tesch S., Hiemann A., Tsatsaronis G.
and Bin Omar N., “Evaluation of the PRICO liquefac-
tion process using exergy-based methods,” Journal of
Natural Gas Science and Engineering, Vol. 27, Part 1,
pp. 23-31, 2015.

[4] Falsafi M., “Structural Improvement of the
Natural Gas Liquefaction Process (LNG) by Sin-
gle-Staged Combined Refrigerant Method to

Petroleum Research, 2020(February-March), Vol. 29, No. 109

Improve Efficiency,” M.Sc. thesis, University of

Tehran, 57-60, Tehran, Iran, 2017.



