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Abstract 

With the development of China's economy, people's demand for energy is also increasing. 
In the process of production and receive operations such as liquefied natural gas (LNG) 
will inevitably produce BOG, BOG, produce can make the pressure inside the LNG storage 
tank, improve the flash temperature of LNG, make LNG more, not only increases the 
operation cost, also cause great potential safety hazard, BOG, too much and improper 
handling, storage tank can make LNG tank pressure and danger. The smooth operation 
of BOG processing system is related to the safe operation of the whole receiving station, 
so BOG processing is one of the key issues that must be considered in the process of LNG 
operation. 
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1. Introduction 

With the development of China's economy, people's demand for energy is also increasing. 
Natural gas is chosen by people as a clean energy. At present, the reserves of natural gas 
explored in China are limited, so we need to import a lot of natural gas from abroad, and the 
environmental quality of Our country is declining day by day. In order to improve the quality of 
the environment, the state has introduced many new policies to regulate environmental 
management and encourage the development and application of new energy. New energy can 
be renewable energy, pollution-free, and can be recycled repeatedly, will not produce toxic and 
harmful substances. In recent years, new energy has been widely applied in various industries 
and fields in China, which not only improves environmental quality, but also promotes the 
development of emerging industries in China [1]. In the future, there will be more applications 
of LIQUEFIED natural gas in various fields in China, especially in industry, which can accelerate 
the process and development of China's industrialization. In the 13th Five-Year Plan, the 
National Development and Reform Commission and the National Energy Administration 
explicitly emphasized that the share of coal consumption will be reduced to 58% by 2020, while 
the share of natural gas consumption will exceed 10%. According to the estimation of low-
carbon, green and ecological development concept, China's demand for natural gas will reach 
4500×108m3/a after 2020 and exceed 7000×108m3/a in 2030 [2]. 

Liquefied Natural Gas (Liquefied Natural Gas, abbreviated as LNG) is Natural Gas that is 
Liquefied and in liquid form. Its main component is methane, which is a high-quality clean 
energy. Due to the advantages of low storage and transportation cost, good safety performance 
and low environmental pollution after combustion, the demand has been increasing in recent 
years, and has been widely used in urban gas, ships, automotive fuel, power generation and 
other industrial fields. Global LNG demand grew by 29 million tons in 2017 to a total of 293 
million tons. Before 2020, China will build more than 30 large LNG ships, 10-million-ton LNG 
receiving stations and more than 200 LNG liquefaction stations, and form LNG receiving 
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terminals with annual import of up to 60 million tons, which is conducive to stable LNG supply 
and energy diversification in China [3]. 

The application of liquefied natural gas is very extensive in Our country, and the application of 
natural gas has gone deep into people's life and work. As a kind of clean and renewable energy, 
the combustion of natural gas produces no pollution, and the means of development and 
exploitation are relatively convenient. In order to improve environmental quality, the state and 
the government advocate the application and development of new energy sources. How to deal 
with the evaporative gas generated in the LNG storage tank is the focus of discussion. The 
evaporation gas generated in the LNG storage tank needs to be recovered, and the recovered 
gas can also be recycled. Due to the low temperature characteristics of LNG, the storage 
temperature of LNG is too low as -160℃, and the temperature difference with the outside world 
is too large. Meanwhile, pressure changes will occur in the loading and unloading process, and 
flash evaporation and volume replacement will cause part of LNG evaporation to form boG-off 
Gas (BOG for short). Therefore, BOG is inevitable in the process of LNG production and 
operation [4]. There is a special treatment system for vaporized gas produced by LNG storage 
tank, namely BOG recovery treatment system, which mainly includes recondensation process 
and direct compression transfer process. After detailed analysis of the operation process of the 
two processes, it is found that the recondensation process is relatively energy saving. The 
development and application of LNG will continue to develop in a more scientific and perfect 
direction. At the same time, the corresponding supporting facilities and technologies of LNG 
storage tanks will be improved to make the control technology more accurate and the results 
more accurate, so as to ensure the safe and stable operation of LNG storage tanks [5]. 

The LNG receiving station is to transport the LNG loaded by the ocean LNG carrier to the storage 
tank of the receiving station through the unloading arm of the unloading terminal. According to 
the demand of downstream natural gas users, the LNG can be loaded by tank truck or 
transported to users by pressurized gasification [6]. The receiving station includes five major 
technologies: ship unloading technology, LNG storage tank storage technology, BOG treatment 
technology, LIQUEFIED natural gas pressurized gasification transportation technology, torch 
venting safety technology, or including six major technologies, increasing light hydrocarbon 
recovery technology. The main equipment of the receiving station includes unloading arm, 
reflux arm, LNG storage tank, low pressure submersible pump, BOG compressor, re-condenser, 
LNG high pressure pump, seawater open-frame gasifier (ORV), submersible combustion 
gasifier (SCV), and sea water pump. The receiving station is generally divided into five process 
areas, including dock receiving and unloading area, storage tank storage area, BOG 
reliquefaction area, LNG gasification area, unloading and skid transport area. 

In the LNG receiving station, LNG is in the state of ultra-low temperature and atmospheric liquid, 
and the STATE of LNG is close to the bubble point, which leads to the influence of the pressure 
drop of LNG passing through the tank, pipeline and equipment, or the temperature rise with 
heat transfer is easy to produce BOG. More actual operation of the LNG receiving station, BOG, 
source, and production is volatile, bring greater difficulties to BOG, yield calculation, the 
production BOG, calculated by empirical formula, BOG, production of precise calculation and 
the analysis of the output fluctuation factor, is receiving station BOG, process design basis and 
operation premise, is also a basis in equipment selection and process optimization. The sources 
of BOG are heat leakage in storage tank, heat leakage in pipeline, atmospheric pressure change, 
work done by low-pressure pump, displacement of external transport volume, volume 
displacement of unloading ship, heat leakage in ship cabin, work done by unloading pump, flash 
evaporation in tank during unloading, volume displacement of tank car. Except for the stable 
BOG output caused by tank heat leakage and pipe heat leakage, the BOG output caused by other 
factors is always in a fluctuating state with the change of working conditions. Usually BOG, 
output during simulation calculation is divided into working condition of discharge and the 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 5, 2022 

ISSN: 2664-9640                

67 

discharge condition of production, among them, the discharging conditions include: storage 
tank leakage heat, heat pipe leakage, low pressure pump power, transmission volume 
replacement, working condition of discharge at the above four factors, and the cabin thermal 
leakage power, discharge, discharge pump tank flash, discharge volume replacement. 
According to the actual operation data of the receiving station, the BOG output in unloading 
condition is 2 to 3 times that in non-unloading condition [7]. In addition, LNG composition, tank 
operating pressure, tank LNG layering and tumbling, and weather also affect BOG production. 

There are several methods to deal with LNG BOG in China: direct compression method, 
recondensation method, recondensation and compression method combined. The arbitrary 
discharge of flash steam not only pollures the environment but also causes economic losses. At 
present, it is necessary to recycle the BOG effectively, which can not only save energy and 
reduce emission, but also bring economic benefits. 

2. Common BOG treatment methods 

At present, there are two commonly used BOG treatment methods in China, one is direct 
compression method; The second is the recondensation method, which carries on the 
transmission through the high pressure pump, and then goes through the gasification of the 
external transmission network. 

(1) Direct compression method [8], whose process features are as follows: Firstly, the BOG 
generated in the storage tank is separated from the LNG by gas-liquid separation. The separated 
flash BOG is compressed through the compressor, and the compressed gas reaches the pressure 
of the external pipeline network. The separated LNG goes through the high-pressure pump, and 
then goes into the external pipeline network with the pressurized BOG to the downstream. 

The direct compression recovery and utilization process of BOG is simple and convenient. The 
pressure value of the external pipeline network is proportional to the energy consumption 
value. The greater the pressure of the external pipeline network is, the greater the energy 
consumption of the process is. According to its characteristics, the direct recycling process is 
suitable for the low-pressure external pipeline network and the short-distance transmission 
engineering route. There are many LNG receiving stations in Japan, most of which adopt direct 
compression recovery. Because most of the gas transmission pipelines in Japan are relatively 
short and the pipeline pressure is relatively low, most Japanese enterprises choose the direct 
compression recovery process for flash steam treatment. The direct compression method is 
also used for receiving stations with small BOG processing capacity. 

(2) The recondensation recovery and utilization process [9] uses the cold energy of LNG to cool 
BOG. Firstly, the flash steam is compressed through the compressor, and then further cooled 
through the re-condenser. Finally, it enters the sea water vaporizer for gasification and export. 
The recondensation recovery and utilization process can be divided into direct heat transfer 
type and indirect heat transfer type. The direct heat transfer type is to generate BOG through 
the compressor into the precooler and part of the LNG for mixing, and then the two are mixed 
and finally gasification through the gasifier into the external transmission network. The indirect 
heat transfer method is that the BOG is pressurized by the compressor, then the heat transfer 
is carried out through the condenser, and finally the BOG is exported through the high-pressure 
pump and the gasifier. 

Comparing the two BOG treatment methods, it can be seen that the LNG receiving station 
produces more flash steam, the pressure value of the external transmission network is high, 
and the energy consumption is relatively high. Therefore, energy consumption should be fully 
considered for the process, and the cooling capacity of LNG itself should be fully utilized. The 
advantages of direct compression method are simple and simple process flow, and the number 
of equipment is less. The disadvantage is high energy consumption, not energy saving. 
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Recondensation method has the advantage of relatively small energy consumption; 
Disadvantages are equipment type, quantity, operation trouble. 

Therefore, it can be concluded that the number of equipment used in the direct compression 
process is less than that used in the recondensation process; Compared with the flow process, 
the direct compression process is simpler than the recondensation recovery and utilization 
process. The energy consumption of direct compression process is higher than that of 
recondensation recovery and utilization process. According to a single variable, the energy 
consumption of two flash vapor (BOG) recovery processes is analyzed, and the recondensation 
recovery and utilization process is more energy saving, so it is concluded that the 
recondensation recovery and utilization process is more energy saving than the direct 
compression process. 

3. Traditional LNG receiving station process system 

The first part is the LNG storage system, LNG storage system, LNG storage system includes 
cryogenic container storage tank, the tank body of the external selection of concrete 
reinforcement. The storage tank is equipped with the corresponding external pipeline, 
electromagnetic valve, control valve, safety valve and other basic equipment [10]. 

The second part is the LNG unloading system. When a ship approaches the terminal of the LNG 
receiving station, the LNG is sampled and tested before unloading, and then the heat value and 
other parameters are analyzed to ensure the QUALITY of the LNG. Finally, the unloading work 
is carried out. In unloading, the LNG carrier is first connected with the receiving station's 
pipeline, and then the fuel inside the ship is transferred to the receiving station's storage tank 
by the carrier equipped with the corresponding pump. After unloading the LNG, nitrogen is 
usually used to clean the pipeline and equipment. 

The third part is the gasification external transport system, including pumps, pipeline external 
transport pumps, gasification, metering equipment and so on. After pressurization and 
gasification, LNG reaches the pressure of the external transmission network and then enters 
the external transmission . 

The fourth part is the recovery and utilization system of flash steam. There is always heat 
exchange between THE LNG tank and the outside world. With the continuous introduction of 
external temperature, the temperature of LNG will continue to rise, which will aggravate its 
evaporation rate and inevitably produce evaporation gas, called BOG. Flash vapor will be 
formed due to the heat generated by equipment and the tank is not absolutely insulated, which 
will increase the internal pressure of the tank. If the system is not handled in time, there will be 
great hidden dangers, so it needs to be handled in time . At present, it is necessary to recycle 
the flash vapour effectively. 

The fifth part is the gas replenishment system of the storage tank, the existence of the gas 
replenishment system is to prevent the formation of vacuum inside the LNG storage tank. When 
negative pressure is formed in the tank, LNG is added to replenish air and pressurize, thus 
achieving the effect of supplementing pressure. 

The sixth part is the flare burning system, the flare burning system is an important safety and 
environmental protection measure. When the LNG pressure reaches a certain design value, the 
compressor will not be able to compress, and the excess flash vapor will enter the torch 
combustion system for combustion and discharge. When the flash vapor is too large, it will be 
directly drained to avoid safety accidents [13]. 
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4. Conclusion 

Based on the current situation of energy consumption and the development trend of Liquefied 
Natural Gas (LNG) receiving terminals in China, the construction of LNG terminals in our 
country will be accelerated day by day. Due to the low temperature characteristics of LNG, the 
storage temperature of LNG is too low as -160℃, and the temperature difference with the 
outside world is too large. Meanwhile, pressure changes will occur in the loading and unloading 
process, and flash evaporation and volume replacement will cause part of LNG evaporation to 
form boG-off Gas (BOG for short). Therefore, BOG is inevitable in LNG production and operation. 
Therefore, it is of great significance to study and optimize THE BOG processing technology of 
LNG receiving system for the construction of LNG receiving station. 
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