Liquefied natural gas

Liquefied natural gas or LNG is natural gas, consisting primarily of methane (CH4), that has
been converted into liquid form for ease of transport and storage. More simply put, it is the liquid
form of the natural gas that used in domestic cooking and heating.
A typical raw natural gas contains only about 80% methane and a number of higher boiling
hydrocarbons as well as a number of impurities. Before it is liquefied, it is typically purified so
as to remove the higher-boilinghydrocarbons and the impurities. The resultant liquefied natural
gas contains about 95% or more methane and it is a clear, colorless and essentially odorless
liquid which is neither corrosive nor toxic.
LNG occupies only a very small fraction (about 1/600th) of the volume of natural gas and is
therefore more economical to transport across large distances. It can also be stored in large
quantities that would be impractical for storage as a gas.

Liquefaction plants for the production of LNG

The liquefaction process involves separating the raw natural gas from any associated water and
high-boiling hydrocarbon liquids (referred to as natural gas condensate) that may be associated
with the raw gas. The raw gas is then further purified in a natural gas processing plant to remove
impurities such as the acid gases hydrogen sulfide (H2S) andcarbon dioxide (CO2), any residual
water liquid or vapor,mercury, nitrogen, and helium which could cause difficulty downstream.
(See the adjacent block flow diagram of the liquefaction process)
The purified natural gas is next refrigerated and distilled in a train of fractionators, first a
demethanizer column to recover the purified natural gas (predominantly methane) and then in a
de-ethanizer, a de-propanizer and a de-butanizer to separate and recover ethane (C2H6), propane
(C3H8), butanes (C4H10) and any higher boiling hydrocarbons, collectively referred to as natural
gas liquids (NGL). The natural gas is then condensed into a liquid at about 40 bar gauge,
subcooled and flashed to reject nitrogen and produce the final LNG at approximately −160 °C
(−260 °F) and essentially atmospheric pressure.
There are a number of refrigeration systems available for liquefying natural gas. The global LNG
industry has adopted two main liquefaction processes:



The propane pre-cooled multi-component refrigeration (C3/MR) process, also known as the
APCI process and used by the majority (about 80%) of LNG plants.
The pure refrigerant cascade process.
The first LNG plants in Algeria and Alaska (see history section below) were based on the
cascade process using propane, ethylene, and methane as refrigerants. Since then, however, the

majority of large LNG projects have been based on the C3/MR process. Various studies have
shown that the efficiencies of the two main processes are similar.
As mentioned above, the reduction in volume makes LNG much more cost efficient to transport
over long distances where pipelines do not exist. Where transporting natural gas by pipelines is
not possible or economical, it can be transported by specially designed cryogenic sea-going
vessels called LNG carriers or by either cryogenic rail or road tankers.

History
Natural gas liquefaction dates back to the 1820s when British physicist Michael Faraday
experimented with liquefying different types of gases. German engineer Carl Von Linde built the
first practical vapor-compression refrigeration system in the 1870s.
The first commercial LNG liquefaction plant was built in Cleveland, Ohio, in 1941 and the LNG
was stored in tanks at atmospheric pressure, which raised the possibility that LNG could be
transported in sea-going vessels. In January 1959, the world's first LNG carrier, a converted
freighter named The Methane Pioneer, containing five small, insulated aluminum tanks
transported 5000 m3 (about 2,250 metric tons) of LNG from Lake Charles, Louisiana in the USA
to Canvey Island in England's Thames river. That voyage demonstrated that LNG could be
transported safely across the oceans. During the next 14 months, that same freighter delivered
seven additional cargoes with few issues.
The demonstrated ability to transport LNG in sea-going vessels spurred the building of largescale LNG liquefaction plants at major natural gas fields world-wide. The first large-scale LNG
plant began operating in 1964 at Arzew, Algeria and initially produced about 2560 metric
tons/day (t/day) of LNG. In 1969, another LNG plant began operating near Kenai, Alaska and
initially produced LNG at a rate of about 3400 t/day.
By mid-2008, there were 19 LNG liquefaction plants operating in 15 countries worldwide, and
the three largest were:




Bontang project in Indonesia, producing about 64,000 t/day
Ras Gas project in Qatar, producing about 59,000 t/day
Arzew project in Algeria, producing about 49,000 t/day
There were also 65 LNG receiving terminals (often referred to regasification terminals) operating
in 19 countries world-wide.

LNG transportation

As of 2008, a typical sea-going LNG carrier could transport about 150,000 m3 (70,000 t) of
LNG, which will become about 92,000,000 standard cubic metres of natural gas when regasified
in a receiving terminal. LNG carriers are similar in its size to a naval aircraft carrier and are very
expensive to build and to operate. Therefore, they cannot afford to have idle time. They travel
fast, at an average speed of 18 to 20 knots, as compared to 14 knots for a sea-going petroleum
crude oil carrier. Also, loading at the LNG liquefaction plants and unloading at the receiving
terminals usually requires only 15 hours as an average.
All LNG carriers have a double-hulled structure specially designed to prevent leakage or rupture
in case of an accident. The cargo (LNG) is stored at atmospheric pressure and about -160 °C in
specially insulated tanks (referred to as the "containment structure") inside the inner hull. The
cargo containment structure consists of a primary liquid tank, a layer of insulation, a secondary
liquid barrier, and a secondary layer of insulation. Should there be any damage to the primary
liquid tank, the purpose of the secondary barrier is to prevent leakage. All surfaces in contact
with LNG are constructed of materials resistant to the extreme low temperature. Therefore, the
material is typically stainless steel or aluminum or a nickel-iron alloy known as invar.
About 57% of the worldwide LNG carrier fleet uses tanks, which are supported by and conform
to the shape of carrier's hull, to contain the LNG cargo. Such carriers are commonly referred to
as membrane typevessels. The other major type of LNG carrier, constituting about 41% of the
worldwide fleet, uses self-supported spherical tanks to contain the LNG, with the upper half of
the spheres being above-deck as can be seen in the adjacent photograph. Such carriers are
commonly referred to as vessels (named after the Norwegian company, Moss Maritime).
Most LNG vessels use steam-turbines to provide propulsion power and those vessels use the gas
that boils off from the cargo as fuel for generating the steam. Therefore, LNG carriers do not
arrive at the destination port with the same LNG quantities as were loaded at the liquefaction

plant. The accepted maximum figure for boil-off is about 0.15% of cargo volume a day. Thus,
for a 20 day voyage, the LNG cargo will have been reduced by about 3%. Recent advances in
technology allow the installation of plants on-board the vessels that can re-liquefy the boil-off,
which is then returned to the cargo tanks. Because of this, the builders and users of LNG carriers
can now consider the use of more efficient diesel engines rather than steam-turbines.
As of mid-2008, there were 247 LNG carriers in the worldwide fleet and the total capacity of the
fleet was 30,800,000 cubic metres of LNG.

LNG receiving terminals

LNG receiving terminals (often referred to as "regasification terminals") receive LNG carriers,
unload their LNG cargoes and store the LNG in tanks. When required, the LNG is withdrawn
from the storage tanks, converted back into natural gas by using heat exchangers to vaporize the
LNG, and then sent to the end consumers via a local pipeline grid.
The main components of a receiving terminal are the LNG carrier unloading berths and port
facilities, LNG storage tanks, vaporizers to convert the LNG into its original gaseous form, and a
pipeline link to the local natural gas grid. LNG tankers may also be unloaded offshore, away
from congested and shallow ports. This is accomplished using a floating mooring system and
unloading the carriers via an undersea insulated LNG pipeline to the land-based regasification
facility.

The major component of the receiving terminal is the vaporization equipment which heats the
LNG from about –160 °C to more than 5°C in order to convert the LNG back into its gaseous
phase. Conceptually, vaporizers are relatively simple units in which LNG is typically pumped
through heat exchangers where it is heated by exchanging heat with a warmer fluid. The warmer
fluid may be sea water, warm water or other warm fluid. There are also a number of other
methods for vaporizing the LNG.
In conventional receiving terminals facilities either onshore or offshore, the unloaded LNG is
stored onshore in large tanks until gas is required by the end consumers.

LNG storage tanks

Large LNG storage tanks are cylindrical and have a low aspect ratio (i.e., height to width ratio).
They are typically constructed with a post-tensioned concrete outer wall and a high-nickel steel
inner wall, with insulation between the inner and outer walls. The tanks have domed roofs made
of steel or concrete.
The storage pressure in such large LNG tanks is quite low, less than gauge pressures of 10 kPa
(0.10 atmosphere). Sometimes underground or partially underground tanks are used for storage.
Smaller cylindrical LNG storage tanks, about 1,000 m3 (264,000 gallons) or less, are usually
vacuum-jacketed pressure vessels. The storage pressure in such tanks may range from gauge
pressures of less than 50 kPa (0.50 atmosphere) to over 1000 kPa (10 atmospheres) and they may
be either horizontal or vertical.

LNG safety aspects

In its liquid state, LNG is neither flammable nor explosive. For LNG to burn, it must first
vaporize, mix with air in the proper proportions (the flammable range is five to 15 volume
percent) and then be ignited.
When LNG is released into the ambient atmosphere because of a leak, spill or any other cause
(on land or at sea), it immediately begins to vaporize by absorbing heat from the ground or the
sea water. At the usual ambient air temperature of about 15 to 40 °C, natural gas is much lighter
than air. However, the natural gas vapor formed when LNG vaporizes is very cold (i.e., −160 °C)
and therefore much denser than the ambient air, which means that the initial vapor will remain at
ground or sea level. The vapor will begin mixing with air and the water moisture in the air will
be condensed to form a visible vapor cloud. As the cloud is initially formed, it contains too much
natural gas to be flammable. It will linger near ground level until further heat is absorbed and the
natural gas rises and mixes with more air. As that occurs, the concentration of natural gas within
the cloud will begin to decrease. At some point, the natural gas concentration in the cloud will
decrease to where the gas is in the flammable range and becomes ignitable. If an ignition sources
is present at that point, only that part of the cloud which is within the flammable range will burn.
The vapor cloud will not explode unless it is confined. Any part of the cloud that enters a
building or becomes confined in a congested area will become explosive if it encounters an
ignition source.
There are possible hazards associated with LNG other than fire or explosions:


Rapid Phase Transition (RPT): The sudden vaporization or phase transition from liquid to
vapor that has occurred upon occasion when LNG has been spilled into water has caused a






physical explosion. No injuries have occurred from an RPT of LNG but equipment has been
damaged. The explosive overpressures caused by RPTs have not been well measured as yet, but
indications are that the overpressures have not been high enough to cause personnel injury.
Asphyxiation: For human death to occur from asphyxiation, the LNG vapors must reduce the
normal oxygen concentration in the air (about 21 volume percent) to less than six volume
percent. This would occur when the concentration of LNG vapors in the air is about 71 volume
percent. Breathing is impaired when the oxygen level in the air is reduced to less than 15 volume
percent and vomiting occurs when the oxygen level is below 10 volume percent, which
correspond to the concentration of LNG vapors in the air being about 28 and 52 volume percent
respectively.
Freeze burns: A single incident in which a person experienced a freezer burn by being sprayed
with an LNG leak in 1977 when a valve ruptured during the loading of an LNG carrier.
Roll over in storage tanks: Due to the pressure exerted by the hydraulic head of LNG in a tank,
the lower level of LNG in the tank is at a pressure and equilibrium temperature somewhat higher
than the LNG at the upper level in the tank and, hence, is somewhat less dense than the LNG at
the upper level. Thus, the tank contents are susceptible to the lower level suddenly rising to the
top level because of the density difference. This is referred to as "roll over". Should this occur, a
small fraction of the LNG would immediately vaporize into gas because it was no longer
subjected to any hydraulic head pressure. Since the expansion ratio of LNG vapor to liquid is
about 600 to 1, even a small amount of vaporization can generate a large volume of gas. The
resulting sudden increase in tank pressure can exceed the capacity of the pressure relief valves
and perhaps lead to a failure of the roof or wall of the tank. The first such roll over occurred in
1971 and slightly damaged the LNG tank roof. This problem is mitigated by monitoring the
tank temperatures at various levels and by providing pumped mixing systems.
Overall, the LNG industry has an excellent safety record compared to other hydrocarbon
processing plants. As of late 2003, there were 23 LNG liquefaction plants worldwide, 58
receiving (regasification) terminals, and 224 sea-going LNG carriers, altogether handling
approximately 168 million metric tons of LNG every year. LNG had been safely delivered across
the oceans for over 40 years. In that time there had been over 45,000 LNG carrier voyages,
covering more than 100,000,0000 miles (160,900,000 km) without major accidents or safety
problems either in port or on the high seas. The LNG industry has had to meet stringent
standards set by countries such as the USA, Japan, Australia and certain European nations.
According to the U.S. Department of Energy, over the life of the industry, eight marine incidents
worldwide have resulted in spillage of LNG, with some hulls damaged due to cold fracture, but
no cargo fires have occurred. Seven incidents not involving spillage were recorded, two from

carrier groundings, but with no significant cargo loss; that is, repairs were quickly made and
leaks were avoided. There have been no LNG shipboard fatalities.
Isolated accidents with fatalities occurred at several onshore facilities in the early years of the
industry. More stringent operational and safety regulations have since been implemented. A
fairly complete listing and discussion of the incidents that occurred with sea-going carriers, at
land-based facilities (liquefaction plants and receiving terminals) and with on-road LNG tankers
is available online.
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Notes





One metric ton (one t ) = one tonne = 1000 kg = 2204.6 pounds = 1.1023 short tons.
Usually, a standard or "normal" cubic metre of gas is defined as gas at reference conditions of
ne1 atmosphere of absolute pressure and a temperature of 0 °C. However, most of the LNG
technical literature does not explicitly define the reference conditions.
If there is less than five volume percent or more than 15 volume percent of natural gas vapor in
the air, the gas will not burn

Source:
http://www.eoearth.org/view/article/51cbf1fe7896bb431f6a7796/?topic=51cbfc78f702fc2ba8129e5f

