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Abstract

In recent years, the dynamic development of the LNG industry has been observed. This is largely due to the
transition of many countries from coal-based energy to greener energy. Natural gas is regarded as an intermediate
fuel. Natural gas can be transported by pipeline, but in many cases it is more economical to transport it in a
liquefied form. The liquefaction process is very energy-consuming, which is why many researchers are focused
on optimizing this process. This work is an attempt to optimize the operation of the basic cascade natural gas
liquefaction system. The proposed modifications contribute to a significant reduction in the costs of the liquefaction
process.
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1 Introduction
Natural gas is rapidly gaining importance in today’s world. Since the 1970s, it has been one of the fastest growing
branches of energy, affecting most regions of our planet. It is seen as an ecological fuel that can replace crude oil and
may become a key fuel for mankind in the future [4, 8]. In Fugure 1 there is shown World consumption of Natural
Gas.

Figure 1. World consumption of Natural Gas [17]
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Along with the exploitation of new, hard-to-reach natural gas deposits, this fuel is transported through pipelines
less and less often. Transporting natural gas in liquefied form has gained importance, and gas liquefaction and
regasification facilities are being built on every continent [9, 10, 15]. The modernization of existing installations,
which are being rebuilt in order to increase their capacity or improve their efficiency, is also of great importance [2, 3,
5, 14].

The most important process related to LNG is the liquefaction process due to its cost. The sprinkling process is
responsible for up to 50% of the costs of the final price of the natural gas. There are many methods for liquefying natural
gas, but there are usually three basic ones - the cascade cycle, the auto-cascade cycle, and the turboexpander expansion
cycle [5, 11, 13]. The first one is currently the most widely used, and its main advantage is high efficiency. The auto-
cascade cycle allows for quick adjustment of the operating parameters of the system to the changing composition of
the liquefied gas, while the turboexpander installations are widely used in small condensing stations [1, 6, 7, 9, 10,
12, 16].

2 Basic cascade system
The cascade system shown in Figure 2 is the most widely used liquefaction system for natural gas. In order to liquefy
the natural gas, it was cooled in two exchangers. The first of them (in which the cooling medium is propane) allows to
reduce the temperature of natural gas to a temperature of - 40oC. In addition, ethylene is also cooled in this exchanger,
which is used as a coolant in the second exchanger. The second exchanger allows the temperature of the methane to
be reduced to - 110oC. The natural gas then passes through a throttle valve where its temperature drops to -162oC.
In the next stage, natural gas goes to the tank, where its condensate is discharged, while the gas phase is discharged
and returned to the entrance to the condensation system.

Figure 2. Basic Natural Gas liquefaction system

Figure 2 shows the circulation of methane through all three tanks.

Where point represents:

• 1-2 - Cooling of natural gas from the initial temperature of 30oC to the temperature of -40o C in the first heat
exchanger, the cooling medium is propane tank (working as propane evaporator).

• 2-3 - Cooling the natural gas down to the temperature of -110oC (cooling and condensing) in the second heat
exchanger, the cooling medium is ethylene tank (working as ethylene evaporator).

• 3-4 - Methane expansion in J-T valve, allowing to lower its temperature to -162oC, which allows for the conden-
sation of a part of the methane condensed in the system and achieving the degree of dryness x = 0.395.
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Figure 3. Methane cycle in a cascade liquefaction system

For the cascade system presented above, the power of the compressors was determined for the flowing methane
with the stream: ṁNG = 1

[
kg
s

]
. The EER (Energy Efficiency Ratio) for the propane system and for the eylene

system was determined for the parameters of the methone system operation, which were presented for Fig. 3. The
EER for the propane cycle is:

EERR290 = 1.31[−] (1)

Which gives a propane compressor power of 1012 kW (remember that the propane system, apart from methane
cooling, is also an ethylene system condenser). The EER for the ethylene cycle is:

EERR1150 = 0.83[−] (2)

which makes the power of the ethylene compressor 880 kW. Compressing methane (fresh and recirculated) requires
a compressor with a power of 383 kW. So the total power of all compressors is

Q̇tot = Q̇R1150 + Q̇R290 + Q̇NG = 2025 [kW ] (3)

where

Q̇R290 - propane compressor power

Q̇R1150 - ethylene compressor power

Q̇NG - natural gas compressor power

Since the degree of dryness is 0.395, it means that to continuously condensate 1 kg of LNG, the power should be
3347 kW.

3 System after modifications
The main part of the cycle that affects its efficiency is the compression process. When the refrigerant is compressed,
its temperature rises. In the basic system, the temperature of propane at the compressor outlet can reach even 80oC,
and ethylene is at 120oC. In addition, achieving such high temperatures requires the use of compressors that maintain
their operating parameters in such conditions, which usually increases the cost of their implementation and affects
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their power consumption. In order to reduce the final temperature in the compression process, it was decided to extend
the propane system with an intercooler, and to add an ethylene water cooler. In this modification, the compression
process will take place in two compressors between which the gas will be cooled before entering the second compression
stage. Additionally, the propane evaporation temperature was lowered by 10K and there was added water chiller for
ethylene cycle. Changes are shown in Figure 4.

Figure 4. System after modification

Figure 5. Modified propane cycle

The schematic diagram of the new propane cycle is shown in the lnp-h diagram in Figure 5. For this cycle EER
of propane cycle is equal to
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EERR290 = 1.49[−] (4)

The power of propane compressor is also reduced because a part of ethylene condensation process is done by water
chiller. So in this case propane compressors capacity is 624 kW.

As the evaporation temperature in the propane system decreased, the temperature in the ethylene system also
decreased. As a result, the EER coefficient for this system was:

EERR1150 = 1.03[−] (5)

For this EER, the power of the ethylene compressor will change to: 508 kW. Compressors for NG remained
unchanged. So the total power of all compressors is

Q̇tot = Q̇R1150 + Q̇R290 + Q̇NG = 1515 [kW ] (6)

Thanks to the changes, the power of the compressors was reduced by 510 kW.

4 Conclusions
The process of liquefying natural gas is a process that requires large financial outlays. The costs associated with
liquefactionit are responsible for 40-50% of the LNG price for the end user, which is why so much attention is paid
to improving its efficiency. Thanks to the modification of temperatures and appropriate selection of mass streams
of refrigerants, it is possible to reduce energy consumption in this process, which results in a reduction in the final
price of liquefied natural gas. Introduce a two-stage compression system with intercooling on the propane circuit to
lower the temperature of the refrigerant at the end of the compression process, which significantly reduces the losses
associated with this process. In this case operation costs was reduced by 25%. The results of the calculations carried
out in this work showed that the appropriate optimization of the system operating parameters can significantly reduce
the power demand for the system operation. In addition, the use of a two-stage compression process allows for an
additional reduction in power demand. Optimization of LNG-related processes will be the subject of many studies,
and its importance will grow along with the exploitation of subsequent deposits and the growing competition on the
natural gas market.
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