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LNG BASIC CONCEPTS

Natural gas is today a primary energy source, which will drive
the transition from a fossil fuel-based to a renewable energy-
based world.

In the past, o0il companies drilled primarily for oil: they
often had to reinject or flare the associated gas; on the
other hand, a gas discovery was often considered not
commercially valuable.

Later on, flaring was prohibited by producing countries, in a
first instance for the sole purpose of saving mineral
resources; more recently, reduction of greenhouse gases
emissions became an important additional reason for avoiding
flaring as much as possible.

On the other hand, gas turbine technology progress lead, in
the ‘60s, to the manufacture of reliable equipment providing a
large energy output. Such high efficiency gas turbines,
generally known as combined cycle gas turbines (CCGT), made
possible the realization of large size power generation units,
opening the way for the extensive use of gas in power plants.
The CCGT technology operates with a combination of Brayton and
Rankine thermodynamic cycles and may reach a thermal
efficiency of 64%, which is definitely a remarkable figure.

The occurrence of large natural gas reserves 1in remote
locations and cost-effective ways of producing power from gas
prompted companies to search for an alternative use for gas
and liquefied natural gas (LNG) projects were conceived and
evaluated. The balance between o0il price (increasing) and


https://www.oil-gasportal.com/floating-storage-regasification-units-fsru/
https://www.oil-gasportal.com/floating-storage-regasification-units-fsru/

production costs (decreasing) resulted in a progressively
better economical feasibility for LNG initiatives. In addition
to this, the search of secure and clean (compared to oil and
coal) energy sources lead several countries to incentive the
use of LNG. A typical example was the decision of UK to
eliminate smog from urban areas, which was directly
responsible for about 4,000 deaths per year, then switching to
gas as the primary fuel for urban heating.

At the time this paper 1is written, geopolitical factors are
increasingly pushing toward a very desirable energy
independence for Europe. In this respect, LNG and natural gas
supply from North Africa, Middle East and former Soviet Union
countries are crucial for the EU energy balance. The former is
the most flexible source among those available; EU countries
are now expanding their capacity to import LNG from abroad.

Projects were undertaken on a case-by-case basis: buyers and
sellers cooperated strictly on every aspect of the LNG value
chain- production, 1liquefaction, transportation, and
regasification. After the first deliveries in the ‘60s, LNG
facilities grew progressively and became a significant global
energy infrastructure in the present century, capable of
providing a supply of 370 million tonnes of LNG per year.

LNG had a share of about 12% of the world gas production,
according to IEA 2020 data. 1In the course of 2022 the global
LNG trade increased by about 5% in the world, and the trend is
expected to grow further as a result of Europe’s shift to
massive LNG supply, as a consequence of the Russia-Ukraine
conflict, and expected China’'s increased energy demand.

EU is already the main LNG importer through 17 active
terminals: at the end of 2022 second quarter, the amount of
LNG was over 65 BCM, corresponding to a value exceeding 60
billions EUR. USA provided almost 50% of the total LNG
imported by EU. The import capacity is presently 157 BCM of
equivalent dry gas, that is, about 40% of the total gas



demand. France, Spain and Belgium have been, in the order, the
largest LNG importing countries so far.

LNG Terminals in EU: operational (blue) under construction
(yellow) planned (green)

TECHNICAL OUTLOOK

In simple terms, the LNG cycle consists in the following
steps:

» identifying large reserves of natural gas with little or
no chance of use in local markets,

 building a facility for liquefying the natural gas at
very low temperatures (-163°C); this is because, in its
liquid form, natural gas shrinks to less than 1/600th of
its gaseous volume, making its transportation and
storage possible over long distances.

»shipping the LNG in specially designed tankers to
markets

= storing and regasifying LNG before injecting it into a
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pipeline grid.

At this point LNG becomes indistinguishable from pipeline gas
for the end user. Floating regasification vessels come into
play in the last step.

Approximately 8 to 10% of the energy in natural gas 1is
consumed in the LNG liquefaction process and during LNG
transport (LNG tankers use LNG as propulsive fuel). In a
typical LNG liquefaction plant, it takes about 230 kW to
liquefy one MMscfd of natural gas.

LIQUEFACTION PROCESS: TECHNOLOGY OVERVIEW
Natural gas purification and pre-treatment.

The natural gas feeding a liquefaction facility contains, in
general, several contaminants that must be reduced to levels
which meet:

» satisfactory liquefaction plant performance
 LNG sales specifications.

The level of each contaminant depends on the fluid properties
and composition which are specific of each gas reservoir.

A typical pre-treatment process consists of the following
steps.

First, any hydrocarbon condensates present in the natural

gas stream have to be separated. Such liquids are generally
used as plant fuel, or resold.

Acid gas components (CO,, H,S) removal is then performed. CO,

levels must be contained within 50 parts per million (ppm), to
avoid freezing in the main cryogenic exchanger. H,S content,

instead, must be less than 3 ppm, to meet system integrity and



sales gas specifications.

The removal of acid gases 1is accomplished by amine-based
absorption processes. It is possible that amine- H,S reaction

products have to be converted to elemental sulphur via a
dedicated recovery wunit (Claus process, catalytic
oxydization), when the amount of H,S produced is relevant.

Feed gas undergoing acid components removal is bubbled through
aqueous solutions; therefore, it exits the process train being
saturated with water vapor, which has to be removed in order
to avoid ice formation in the liquefaction exchanger.

Dehydration can be performed in a number of ways. A standard
approach is absorption on glycol, which can be regenerated by
distillation and used in a cycle.

An alternative dehydration scheme is achieved by cooling the
gas with a heat exchanger fed with a proper pre-cooling fluid
(air, water or other suitable fluid available), therefore
condensing the major part of the water, while the rest 1is
conveniently removed with molecular sieves that, thanks to the
use of high surface area zeolites, may retain additional water
till reaching levels below 0.1 ppm.

In certain cases, natural gas contains mercury, which must be
removed at levels below 1 ppb. This is because mercury causes
embrittlement of aluminium vessels and heat exchanger
equipment, with potentially disastrous consequences, Llike
those of the Skikda LNG plant accident occurred in 2004.

Effective mercury removal is accomplished by adsorption on a
bed of molecular sieves or activated carbon; the latter can be
impregnated with sulfur or halides, which form very stable
solid compounds with mercury. The molecular sieves can also be
regenerated, while the activated carbon beds cannot.

The final step in gas pre-treatment is the removal of those
hydrocarbons which have a melting point higher or close to the



methane boiling point, in order to prevent any solid formation
by freezing in the cryogenic exchanger. In practice, the gas
undergoes a series of distillations in columns designed to
separate hydrocarbon fractions according to their increasing
boiling point: therefore, there is a de-ethanizer column,
followed by a de-propanizer and a de-butanizer columns. In
this way, ethane, propane, butane and aromatics can be be
removed from gas and used for several purposes: cooling fluid
makeup, plant fuel or sold as NGL (natural gas liquids)
products.

 Liquefaction processes. The natural gas liquefaction
process consists, basically, in chilling the gas stream
till it reaches the temperature of -163°C. This goal 1is
achieved using a series of heat exchangers, where the
gas 1s cooled down by a fluid that has been chilled down
by expansion. The cool-down process 1is performed
stepwise, using one or more working fluids. As it may be
expected, such a process can be achieved in different
ways, so several proprietary processes are marketed
today for large-scale baseload natural gas liquefaction
plants. These processes fall into the following broad
categories:
» Pure-refrigerant cascade process, the basic one,
where a single working fluid is used
= Mixed-refrigerant processes: 1in this case, a
mixture of working fluids is used (e.g., propane
and ethane) whose relative proportions can be
adjusted to optimize the thermal efficiency 1in
response to large external temperature variations.
- Nitrogen expander-based processes. This class of
processes 1is often used in offshore facilities,
because of the smaller footprint and the use of a
not-inflammable working fluid, such as nitrogen.
 Propane-precooled mixed-refrigerant, with back-end
nitrogen expander cycle. In this case, the



refrigerant mixture is first cooled down using
propane as working fluid, so that it can bring the
feed gas close to the desired temperature; further
cooling using nitrogen completes the process.

- Regasification Typologies. There are two main concepts
for offshore LNG terminals: Gravity Base Structures
(GBS), and Floating Storage and Regasification Units
(FSRU). The design selection depends on site conditions
(e.g. water depth, subsea soil characteristics, marine
conditions) and sendout capacities (Kulish et al.,
2005). A GBS is a fixed concrete structure laying on the
sea floor, where LNG storage tanks and regasification
equipment are placed. The first GBS-based regasification
facility in the world was the Adriatic LNG terminal
(ALT), Northern Adriatic Sea, Italy. The concrete
structure set down in 30 m of water and includes two LNG
storage tanks, the regasification plant, mooring and
unloading facilities for LNG carrier ships. The ALT
dimensions are 47 meters height, 88 meters width, and
180 meters 1length, which compare closely to the
dimensions of a large FSRU ship. Actually, a FSRU is a
LNG ship that can either be a specific design or a
modification of an existing LNG carrier to include the
regasification facility. Being intrinsically floating
structures, they can either moored to the seabed via a
turret mooring system or tethered to a jetty in a port
area.

- Regasification Processes. The regasification process
relies on the presence of certain units designed to
perform specific operations. The first operation in the
regasification process is the transfer of LNG from the
carrier to terminal or FSRU and is performed via LNG



arms.

The design is different in the case of an onshore terminal
with respect to a FSRU. In the former case, each arm consists
of a riser pipe, inboard and outboard arm. The diameter of the
arm varies between 16 and 24 in. Typically, an LNG swivel
joint is installed between each pipe segment to accommodate
the changing positions between the onshore and the ship
components. Emergency release systems, quick
connect/disconnect coupling (QCDC), and position monitoring
systems are provided to ensure safe operation of the arms. A
nitrogen purge is also provided for each arm for draining the
content prior to disconnection from the ship. The flow rate
capacity of a loading arm varies between 4,000 and 6,000
m3/hr. The typical configuration of the loading arm battery
consists in two or three liquid loading arms, a vapor return
arm, and a common spare arm for both liquid or vapor,
depending on the operational needs.

In the case of a FSRU, flexible cryogenic hoses are used for
LNG transfer. Flexible hose present several advantages: it is
worth to mention the possibility of connecting the LNG tanker
and FSRU in both side by side and tandem configuration, or the
possibility of operating in shallow water.
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Composite LNG hoses typically consist of multiple polymeric
films making a fluid-tight barrier to the LNG and woven
fabric layers, providing mechanical strength, which are
encapsulated between two stainless steel wire helices.

LNG pumping is generally achieved through submerged electric
motor pump. The pump assembly along with electrical cables
safely submerged in the dielectric liquid, avoiding the need
of penetrating the tank and subsequent mechanical seals.
Typically, a low pressure pump (LP sendout ) is designed to
discharge at about 10 barg pressure in order to minimize
boiled off gas (BOG) effect, which will be addressed later on
in this section. The high pressure (HP sendout) pumps take
suction from the BOG recondenser typically at about 8 barg
pressure and increase the pressure to meet the sendout
pressure requirements, whose range is 80 to 120 barg. Heat
generated by the motor is mostly removed by the inlet LNG, a
small portion of which is vaporized, vented from the pump
casing and sent to the BOG recondenser.
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The BOG condenser, the HP sendout pumps and the respective
pipes constitutes a critical system for regasification
operations, since pressure and fluid volumes may vary
remarkably, which may be a challenge for continuous
operations, so that equipment sizing has to be accurately
engineered.

- Boil-off gas recondenser system. LNG vapors flow during
ship unloading occurs because of heat exchanged by
unloading pumps, unloading lines, heat leak to the
storage tanks and volume displaced from the tank by the
unloaded 1liquid. These vapors must be compressed,
removed, and condensed in the BOG recondenser to
maintain the storage tank at a low pressure. A portion
of the vapor is returned to the ship, and the majority
is recondensed in the BOG recondenser. During the
holding operation, when the ship is not at port, vapor
flow is significantly lower. BOG is generated mainly due
to heat leak to the storage tanks, typically 0.05 volume
% per day. When the plant operates at high sendout, the
BOG flow is further reduced and can become negative such
that makeup vapor from the natural gas sendout system
may be required. Typically, the vapor rate varies from
0.1 to 1 MCM between holding and ship unloading
operations. These vapor flows are compressed by the BOG
compressor and recovered in the BOG recondenser.
Finally, BOG recondenser serves also as a pressure and
liquid volume buffer for the HP sendout pump, allowing
its smooth operation.



Boil-0ff Gas Recondenser System

Another key element in the regasification process is the
vaporizing system. The principle of the vaporizer is warming
up the LNG via a heat exchange device where a suitable working
fluid at higher temperature than LNG itself. Although several
types of vaporizers are available, most the existing plants
use either the Open Rack Vaporizer (ORV) or the Submerged
Combustion Vaporizer (SCV), the former covering almost 70% of
applications.

An open rack vaporizer (ORV) is a heat exchanger with water as
heating working fluid. These units generally are constructed
from finned aluminium alloy tubes, properly protected by
corrosion and arranged in panels. In most instances, the
source of water is just the sea. This is obviously a natural
choice for FSRU systems, with the notable exception of
operation in very cold climates, where freezing issues may
occur. In those instances, an hydrocarbon working fluid 1is


https://www.oil-gasportal.com/wp-content/uploads/2023/07/BOIL-OFF-GAS.jpg

introduced, that exchanges heat with water and release it to
LNG at temperatures where water would freeze.

Open Rack Vaporizer Installation on FSRU
FLOATING STORAGE REGASIFICATION UNITS

A Floating Regasification and Storage Unit (FSRU) is basically
a special kind of ship. In particular, it is a Liquefied
Natural Gas (LNG) storage ship provided with an onboard
regasification plant capable of returning LNG back into a
gaseous state and then supplying it directly into the gas
network. FSRU ships vary in size: from 150 m long Karunia

Dewata barge-like ship (25,000 m’ storage capacity) to 346 m

long Challenger (storage capacity 263,000 m’). FSRUs and LNG
ships have four to six separate heavily insulated cargo tanks
inside their hull. There are two cargo tank designs commonly
in use: Membrane tanks are box shaped so that the ship has a
flat deck similar to ordinary tankers, which helps the
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installation of regasification equipment.

FSRU equipped with membrane tanks

The other design is known as ‘Moss tanks’ that are spherical,
giving LNG tankers their unmistakable appearance.

LNG tanker with Moss tanks

storing LNG at a temperature of -161°C in cryogenic storage
tanks. The cold temperature keeps the LNG cargo in its liquid
state until it is required for the gas network. LNG 1is
generally stored and transported in bulk storage tanks at
slightly above atmospheric pressure; usually less than 150 kPa
(mbar) above. LNG conversion to gas 1is performed using
seawater, which flows in the shell of vaporizer (‘tube and
shell’ heat exchanger) while LNG passes through tubes.
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Seawater at the outlet of the vaporizer is about 7°C colder
than at the inlet; outlet water is then blended back to
ambient temperature. A FSRU typically discharges gas into the
network at a pressure of around 60-80 Bar and a temperature of
5°C. Working at full capacity, a 170,000 m3 load would be re-
gasified in about six days.

The FSRU concept has the great advantage of avoiding the
impact of building large infrastructure onshore. As the FSRU
is a real operating ship, when the project is over, the ship
simply sails away with no redundant infrastructure left
behind. FSRUs are also convenient for peak-shaving gas
delivery to manage gas supply through high and low demand
periods such as winter peak demand requirements. It is also
possible for a FSRU to store gas on board until it is required
or send it to available onshore storage facilities, so that
more LNG can be imported to the FSRU. FSRUs are usually
permanently moored at a jetty, (single berth) but other
configuration are possible.

In single berth configuration, the tanker and the FSRU moor
alongside the FSRU and offload LNG for regasification and then
supply directly into a pipeline. This low-cost option works
best in protected harbors or near-shore with water depths of
15-30m and mild weather conditions.



Single Berth Mooring

There are numerous Single Point mooring options, which include
mooring towers, yokes or turrets.

Cross-dock Mooring FSRUs

Segregated berths for LNG ships and FSRUs are a very flexibile
solution from the marine point of view, since berths can be
connected in series to accommodate more FSRU, while keeping
the infrastructure light.
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Single Point Mooring
ECONOMICAL ASPECTS

For several years FSRUs remained a relatively niche
opportunity in the energy business. Starting from early 2000,
there has been a significant 1ift in deployment of the
technology as costs and capability have been optimised and
FSRU units are being used to access new markets.

The global FSRU fleet currently consists of approximately 48
vessels, with processing capabilities ranging from 2 to 6 MTPA
of LNG.

Modern FSRUs provide the quite same full processing capability
as land based terminals including full boil-off gas management
facilities, and this is a key factor in the economics of a LNG
project.

Actually, there are three key reasons supporting investment in
FSRUs: compared to onshore terminals

 Lower capital cost: the cost of a new FSRU (about 350 M
USD) is half that of a terminal; on the other hand, OPEX
are higher for a FSRU compared to the onshore
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installation

» shorter lead time: A brand newFSRU can be completed in
less than 3 years; conversion from a LNG tanker may take
1,5 years. Actually, the lead time is often imposed by
the infrastructure onshore (jetty, piping, storage
tanks, etc). Of course, if an existing FSRU 1is
chartered, lead time 1is measured in months

»greater flexibility: FSRU can be used as either a
floating regas terminal (with storage), a floating
storage unit or as a conventional LNG vessel, making
possible to take advantage of favourable market
opportunities. Moreover, FSRU can provide an early gas
option prior to a decision to build a permanent onshore
terminal. There is also the possibility to take back and
re-use the FSRU infrastructure at relatively low cost
which reduces risk around stranded regas assets.
Combined FSRU/power combinations (FSRU tethered to a
barge with gas-fired generators) offer opportunities in
emerging markets.

ENVIRONMENTAL PERSPECTIVES

FSRUs possess several features which make them attractive from
the environment point of view. Environmental considerations
play a crucial role in the development and operation of
Floating Storage and Regasification Units (FSRUs). As the
world seeks to transition to a more sustainable energy future,
FSRUs offer certain environmental advantages over traditional
LNG import terminals. Here are key points to expand upon:

 Reduced Emissions: FSRUs contribute to the reduction of
greenhouse gas emissions compared to other fossil fuels.
Natural gas, when used as a cleaner energy alternative,
emits lower levels of carbon dioxide (C02), nitrogen
oxides (NOx), and sulfur oxides (SOx) during combustion.
By facilitating the importation and distribution of LNG,



FSRUs enable access to cleaner energy sources and help
mitigate climate change. Moreover, FSRUs (and LNG
tankers) are powered by the LNG stored onboard: a LNG
ship will only be carrying relatively small quantities
of non-LNG fuels to power non-propulsion systems, which
reduces the possibility and the extent of fuel spills.
Utilization of Boil-O0ff Gas: FSRUs efficiently utilize
boil-off gas (BOG), which is the natural evaporation of
LNG during storage. Instead of venting the BOG into the
atmosphere, FSRUs capture and utilize it as a valuable
fuel source. The BOG can be re-gasified and used for
onboard power generation, reducing the need for
additional fuel consumption and minimizing emissions.
Advanced Emission Control Technologies: FSRUs are
equipped with advanced emission control technologies to
further minimize their environmental impact. These
technologies include gas combustion units, selective
catalytic reduction (SCR) systems, and exhaust gas
scrubbers, which help reduce air pollutants and ensure
compliance with stringent emission regulations.
Environmental Monitoring and Compliance: FSRUs adhere to
rigorous environmental monitoring and compliance
protocols. Operators implement measures to monitor and
control air emissions, water discharge, and noise
levels. Regular monitoring and reporting help ensure
compliance with environmental regulations and maintain
the integrity of marine ecosystems.

Environmental Impact Assessments: Before the deployment
of an FSRU project, thorough environmental impact
assessments (EIAs) are conducted. EIAs evaluate the
potential environmental effects of the project,
including its impact on marine ecosystems, air quality,
and local communities. These assessments help identify
mitigation measures to minimize any adverse
environmental effects.

Collaboration with Stakeholders: FSRU projects often
involve collaboration with various stakeholders,



including government authorities, environmental
organizations, and 1local communities. Engaging
stakeholders in the planning and decision-making
processes helps address environmental concerns, fosters
transparency, and promotes sustainable practices.

- Research and Development: Continued research and
development efforts are focused on improving the
environmental performance of FSRUs. This includes
advancements in emission control technologies, enhanced
efficiency 1in regasification processes, and the
development of alternative fuel sources for power
generation onboard FSRUs.

By incorporating these environmental considerations, FSRUs
contribute to a more sustainable and responsible approach to
LNG importation, aligning with global efforts to reduce carbon
emissions and promote cleaner energy sources.

In addition to the considerations above, it is important to
acknowledge that LNG itself is fundamentally chilled methane,
clear, colourless and odourless. Any spillage would result in
rapid evaporation with substantially no impact on the
surrounding environment. On the other hand, methane is known
to be a stronger greenhouse gas than C02 and any spillage of
it should be avoided, although the amount presumably released
in a spill would be small compared to the amount of CO02
released in the atmosphere, which would keep the impact on the
global warming at a very low, if not negligible, level. The
environmental damage associated with an LNG spill would be
confined to fire and freezing impacts near the spill since LNG
dissipates completely and leaves no residue (as crude oil
does) .

By the way, safety considerations prompted the industry to
deploy as many as possible prevention systems and procedures
to avoid incidents and spillage. The starting point is that
natural gas is combustible, so an uncontrolled release of LNG



(although in its liquid state it cannot explode or burn) may
pose a serious hazard of explosion or fire. Being LNG
extremely cold, this may cause injures to people or damages to
equipment through direct contact. The major risks associated
to LNG uncontrolled release that have been identified during a
number of safety assessment performed along the years are pool
fires, flammable vapour clouds and flameless explosion.

Pool fire is acknowledged to be the most serious hazard LNG
release may cause. If LNG spills near an ignition source, the
evaporating gas in a combustible gas-air concentration will
burn above the LNG pool. The resulting “pool fire” would
spread as the LNG pool expanded away from its source and
continued evaporating. Such pool fires are intense, hotter and
faster spreading than gasoline fires. They cannot be
extinguished; their thermal radiation may injure people and
damage property a considerable distance from the fire itself.

If LNG spills but does not immediately ignite, the
evaporating natural gas will form a vapour cloud that may move
away from spill site and eventually be ignited by some source,
causing a fire, without explosion, since only the portion of
cloud with certain gas/oxygen concentration will burn. In
case of LNG spill on water, it could in principle heat up and
regasify almost instantly in a “flameless explosion” (also
called a “rapid phase transition”). This scenario has been
evaluated on the basis of small scale LNG spills (no large
scale LNG spill occurred to date), indicating that flameless
explosion is likely lmuch less important than the previous two
issues.

The safety hazards associated with LNG terminals have been
debated for decades., especially after two major disasters
occurred in the past.

The first LNG related incident happened to East Ohio gas Co.
of Cleveland on 1944. The fire caused the death of 128 people.
Another tragic event occurred in 2004 at Algeria’s Skikda LNG



terminal, where 78 people died.

In the former case, the probable reason was identified in the
carbon steel used to build the storage tank, unsuitable for
low temperature service, that resulted in a failure and
subsequent spill. In the latter, the most likely cause was a
failure induced by mercury not removed from gas which caused
the embrittlement of the aluminium-built low temperature
separator.

Since then, technology improvements and standards have made
LNG facilities much safer. In this respect, the LNG tanker
industry claims a good record of relative safety over the last
64 years; since international LNG shipping began in 1959,
tankers reportedly have carried over 90,000 LNG cargoes
without any serious accident at sea or in port. The LNG
marine safety record is due to several factors. A very
important one is the double-hulled design of LNG tankers and
FSRUs. This design makes them more robust and less prone to
accidental spills than single-hulled oil tankers 1like the
Exxon Valdez, responsible for the Alaskan oil spill after
grounding in 1989. A second determinant factor 1is the
deployment of up-to-date safety technologies in LNG-carrying
ships like radar, global positioning systems, automatic
distress systems and beacons to signal. Last but not least,
the Emergency Shut-Down (ESD) system monitors the operation
parameters, as well as detection systems and interrupts
operation as soon as some deviation from normal occurs.

REGASIFICATION STATISTICS

Figures of LNG trade indicate a progressive growth of the
sector along the years. Presently, the global LNG trade 1is
worth of 516 BCM as gas equivalent (Statista, Jan 2023), to be
compared with the total natural gas trade figure of 4014 BCM
of worldwide gas production (IEA, 2020). In the course of 2022
the global LNG supply growth increased by 5%, a relatively
small figure if one takes into account the gas crisis induced



by the interruption of gas shipment from Russia. While EU
purchased 66 BCM of gas from LNG, the rest of the world
reduced its requests with respect to 2021. USA supplied about
two thirds of LNG imported by EU.

The number of active Floating Storage and Regasification Units
(FSRUs) has been steadily increasing over the years. As of
2021, there were around 30 operational FSRUs worldwide. This
number 1is expected to continue growing as more countries and
regions adopt FSRU technology to meet their liquefied natural
gas (LNG) import requirements. According to Statista website,
FSRU Fleet reached 48 ships in May 2022; 25 out of 48 with
storage capacity between 160,000 and 180,000 cubic meters.
Other FSRU class may store from 25,000 to 130,000 cubic
meters. The following plot shows the trend of FSRU diffusion
in the global market
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FSRUs have played a significant role in the global LNG supply
chain. While precise data on the volume of LNG handled
specifically by FSRUs versus onshore terminals is not readily
available, FSRUs have demonstrated their ability to handle
substantial LNG volumes. They have been employed in various
regions, including Europe, Asia, the Americas, and the Middle
East, to provide flexible and efficient LNG regasification
infrastructure. In terms of regasification capacity, offshore
regasification mounts to 116 MTPA, vs. a total capacity of 850
MTPA (source IGU, 2021).

FSRUs have been particularly popular in regions with limited
onshore LNG infrastructure or where the demand for natural gas
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fluctuates. For example, countries in Southeast Asia, such as
Indonesia, Malaysia, and Bangladesh, have embraced FSRUs to
quickly establish LNG import capabilities. Europe has also
seen significant FSRU deployment, with countries like Greece,
Lithuania, and Croatia using FSRUs to enhance their energy
diversification and security.

The FSRU sector has witnessed steady growth in the number of
projects under development or in the planning stage. Several
countries, 1including those without previous LNG import
capabilities, are considering FSRUs as an attractive solution
due to their shorter lead times and lower infrastructure costs
compared to onshore terminals. This trend indicates a positive
outlook for the expansion of the FSRU market in the future.

It’s important to consult the latest reports and industry
sources to obtain the most up-to-date and accurate statistics
on global regasification, including the number of active
FSRUs, their locations, and the volume of LNG handled.

The FSRU fleet is still a minor fraction of the total LNG
ships fllet, that today counts on 700 vessels worldwide.

CONCLUSIVE REMARKS

The present economic and political conditions have accelerated
a trend in LNG use that was already in place, although
conditioned by economy fluctuations and limited by the
availability of cheap gas from Russian Federation. Today's
global context of the energy demand determines, especially in
EU, a vigorous gas supply which also requires quick
implementation, flexibility in the selection of energy sources
avoiding unreliable ones, contained environmental and social
impact, cost-effectiveness and compatibility with the energy
transition goals. The FSRU solution meets these goals in a
satisfactory manner and it is not an overstatement that FSRUs
really deserve their present and probably future success in
world’s energy play.



LNG UNIT CONVERSION TABLE

=1 million tonnes (LNG) = 48.7 Bcf* (gas) = 1.379 Bcm
(gas)

=1 Bcf (gas) = 45,000 cubic meters (LNG)

=1 million tonnes per year (mtpa) (LNG) = 48.7 Bcf/year*
(gas) = 1.379 Bcm/year (gas)

=1 cubic meter (m3) = 35.315 Cubic feet (cf)

=1 tonne (LNG) = 53.57 MMBtu**

=1 kilocalorie (kcal) = 4.187 kilojoule (kJ) = 3.968 Btu

=1 Dth (dekatherm) = 1 MMBtu = 10 therms = 1,000,000 Btu

* Assumes a specific gravity of LNG at 0.45
** Assumes a natural gas heating value of 1,100 Btu/cf

Hydrogen Underground Storage
: Status of Technology and
Perspectives

Author: Carlo Cappellani — Senior Geoscientist

1 Hydrogen Underground
Storage : Status of
Technology and Perspectives

Hydrogen will play a key role in the development and
transformation of future renewable energy systems. H2 has many
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benefits, can be generated by well-established and emerging
technologies and can be used in a variety of end-use energy
and transport processes. H2, as a fuel source, has long been
identified as a critical step toward a low-carbon, and
eventually zero-carbon, energy society. Hydrogen storage is an
essential element of an integrated energy system and hydrogen
economy. As hydrogen demand and production are growing,
underground storage is emerging as a relevant, large-scale
solution. While in recent years a lot of attention has mainly
been on hydrogen supply and transmission infrastructure, there
is the need for underground hydrogen storage to balance and
ensure the resilience of a future energy system that relies
significantly on renewable energy sources. Hydrogen can be
physically underground stored using a method which has already
proven its worth and Carbon Geo Sequestration (CGS) and
natural gas are essential analogs for H2 storage. Natural gas
storage in underground facilities can be dated back to 1916
when it was stored in geological formations. According to many
authors, Ontario gas field (Canada) is considered the first
successful underground storage project (Taylor et al., 1986).
However, certain operational differences (physical and
chemical properties) unique to H2 must be acknowledged for
effective operation (Iglauer, 2017). Higher demand means there
is going to be a need for increased storage capacity and the
solution to this challenge is to utilize earth underground
reservoirs. Underground reservoirs, such as salt caverns or
porous rocks, offer giant capacities to store billions of
cubic meters of hydrogen at high-pressures. Although the
existence of few Underground Hydrogen Storage (UHS) sites, up
till now, little is known about how hydrogen behaves in the
subsurface and, current studies are investigating not only how
it behaves in the subsurface but also what kind of environment
— type of subsurface — would be the right reservoir to store
it at a given quantity and scale. Also, to consider challenges
of containing hydrogen tiny molecules inside the reservoirs,
maintaining its purity, and operating the system within safe
mechanical cyclic loading. Considering underground hydrogen



storage, an integrated multidisciplinary approach is required,
combining several specialists and disciplines (e.g. fluid
mechanics and rock mechanics, etc.). Also, integrating
laboratory discoveries with numerical modelling will provide
solutions to make this technology ready for field deployment
within next year

To see more go to full text article

Natural Hydrogen: Promising
opportunities for Exploration
& Production

Author: Carlo Cappellani — Senior Geoscientist

1 Introduction

The global energy sector is transforming and hydrogen (the
most energy-rich gas) is likely to play an increasingly
prominent role as a clean energy carrier. Many countries have
identified hydrogen as a key pathway to decarbonise their
transport, industry processes, heating and energy storage
sectors.
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Hydrogen 1is almost exclusively manufactured for industrial

use, with around 840 Bm’ per year being produced worldwide
(Wood Mackenzie 2021).

It can be produced artificially via a variety of different
pathways and the primary methods for production of hydrogen
with low carbon emissions being

1.

Note:

water electrolysis using renewable energy (green
hydrogen)

. steam reformation of natural gas paired with carbon

capture and storage (CCS; blue hydrogen)

. coal gasification combined with CCS (also blue

hydrogen) .

the majority of produced hydrogen originates from
hydrocarbon-based feedstock without CCS (grey hydrogen)
since the economics for the electrolytic production of
green hydrogen (0.1% of total H, production) requires

improvement (Wood Mackenzie 2021).

For a large-scale hydrogen industry to develop, hydrogen
storage is key and hydrogen storage in salt caverns 1is
considered the most promising approach for large-scale
seasonal storage (HyUnder 2013; Caglayan et al. 2020).
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Figure 1 Primary methods for hydrogen production
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1 Introduction

Big Data or Big Data analytics refers to a new technology
which can be employed to handle large datasets which include
six main characteristics of volume, variety, velocity,
veracity, value, and complexity.

With the recent advent of data recording sensors in
exploration, drilling and production operations, oil and gas
industry has become a massive data intensive industry.

Analyzing seismic and micro-seismic data, improving reservoir
characterization and simulation, reducing drilling time and
increasing drilling safety, optimization of the performance of
production pumps, improved petrochemical asset management,
improved shipping and transportation, and improved
occupational safety are among some of the applications of Big
Data in oil and gas industry.

In fact, there are ample opportunities for oil and gas
companies to use Big Data to get more oil and gas out of
hydrocarbon reservoirs, reduce capital and operational
expenses, increase the speed and accuracy of investment
decisions, and improve health and safety while mitigating
environmental risks.




Figure 1 Big Data in 0il and Gas Exploration and Production

One of the key enablers of the data-science-driven
technologies for the industry is its ability to convert Big
Data into “smart” data. New technologies such as deep
learning, cognitive computing, and augmented and virtual
reality in general provide a set of tools and techniques to
integrate various types of data, quantify uncertainties,
identify hidden patterns, and extract useful information
enormously reducing the data processing time. This
information is used to predict future trends, foresee
behaviors, and answer questions which are often difficult or
even impossible to answer through conventional models.

A @
To see more go to full text article
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1 Introduction

0il & Gas industries have moved in deeper, more remote and
technically demanding regions in the last 30 years. With
increasing technical complexity of the extraction facility,
the fixed cost of the 0il & Gas upstream complex also
increases, but in the persistent lower-for-longer price
environment there is continuing pressure to develop these
fields safely while reducing CAPEX and OPEX costs.

FPSO technology seems to be promising in offering a flexible
solution to explore remote 0il fields while in maintaining
competitive costs. Nonetheless, Semisubmersible units, SPAR
platforms and tension-leg platforms (TLPs) are also common in
deepwater regions. TLPs, in particular, find application in up
to 1,500m-deep water wells, but FPSO has the advantage to
offer the required onboard storage capacity and offloading
capability without employing a separate storage vessel or
infrastructure.

The high dynamic motion, generated by the rough sea condition
to which FPSO units are exposed when operating in remote sea
areas, makes the Riser System design more challenging. In
fact, it plays a fundamental rule in determining the
feasibility of the extraction of hydrocarbons exploiting
remote region resources. Thus, the development of a low-motion
FPSO enables the utilization of conventional riser systems
(such as steel catenary risers and top-tensioned risers). The
use of conventional riser technologies, is also able to
improve the life-cycle and reliability of a FPSO facility: the
realization of a simple and effective installation (by the
means of an additional facility structure) that is able to
oppose to the high dynamic forces that rough sea environment



exerts on the floating structure, 1is a technological step
change, needed to open up less accessible or economically
cost-prohibitive fields.

To see more go to full text article
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1 Introduction

The rapid growth of the world population driven by the
development of the industrial sector, have led to an increase
of the anthropogenic greenhouse gas emissions. It has been
detected an unprecedented, in at least the last 800,000 years,
concentration of carbon dioxide (Figure 1-1) 1in the
atmosphere. Such event, together with other anthropogenic
drivers, have been related as the main cause of the phenomena
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of the “global warming” observed since the mid-20th century.
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Figure 1-1 Global anthropogenic C02 emissions[1].

In order to face the 1issue raised from the considerations
about CO, concentration, the first worldwide agreement on

greenhouse gas emissions was signed in April 2016. The 196
countries responsible for 55% of total CO, emissions agreed, at

the Conference of the Parties in November 2015, to commit to
cap global warming at a maximum 1.5°C (referred to the global
land-ocean mean surface temperature, GMST), a more challenging
target than the 2°C cap originally proposed in the Paris World
Climate Conference. Given this commitment, signatory countries
need to review their energy strategies in order to reduce
emissions by actively promoting 1low carbon economy
policies[2].

Natural gas is a fossil gas mixture consisting mainly of
methane (Cl). The remainder 1is heavier hydrocarbons: ethane
(C2), propane (C3), isobutane (iC4), n-butane (nC4), and small
amounts of heavier components down to C7s. The typical values
of the percentage of methane mole fraction in natural gas may
vary from 87% up to 97%[3].



Among all the fossil primary energy sources, natural gas
presents the highest hydrogen to carbon ration. This
characteristic is of extreme importance since leads the
following two main properties:

» The highest lower heating value expressed in MJ/kg

respect to all the others fossil fuels. (As described in
the picture below[4])

= The lowest mass of CO, produced per mass of combustible.



Lower heating value, MJ/kg

60,00
50,00
40,00
30,00
20,00
10,00 I

0,00

5 & & N N & 2 N
C o " & 2 % D
& Q¥ « oS & “ o
g N N\ S
5> ¥
G @
&
¥

Figure 1-2 Lower heating value [MJ/kg] for different types of
hydrocarbons[5].

According to the proprieties described above, natural gas
plays a fundamental role in the fight against climate change.
The substitution of high carbon content fossil fuels, such as
coal, with natural gas, may represent the first step forward
the decrease of CO, emissions.

The main sectors that will immediately benefit of replacing
low hydrogen to carbon fuel with methane in terms of CO,

emissions are:

- Energy production. All the thermo-electric energy plants
belong to this sector. They may easily introduce methane
as fuel in the burner for the production of high
pressure steam. This strategy, adopted already by many
companies, reduces (O, emissions saving operative costs

on the post-combustion carbon capture unit.



» Transportation. On road transportation is already
affected by the presence of vehicles fed by methane. In
this case engines are designed to host such type of fuel
and this constitutes a positive direction for the
reduction of CO,

It is clear that the substitution of “conventional” fuel with
methane 1is just a temporary solution, a clever way to “take
time” establishing a transition phase, until the worldwide
development of the zero-emission (renewable) energy sources
will take place.

[1] “Climate Change 2014 Synthesis Report Summary Chapter for
Policymakers,” 2014.

[2]
https://safeonline.it/wp-content/uploads/2016/09/Articolo-Acce
nture-2016.pdf

[3]
https://www.uniongas.com/about-us/about-natural-gas/Chemical-C
omposition-of-Natural-Gas

141
https://www.engineeringtoolbox.com/fuels-higher-calorific-valu
es-d_169.html

[5]
https://www.engineeringtoolbox.com/fuels-higher-calorific-valu
es-d_169.html

To see more go to full text article
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1 Introduction

0il & Gas reservoir research and exploration requires the
utilization and adaptation of a large number of different
technologies spread over numerous engineering fields. Because
of the intense resource involved in such operation, the
Exploration and Production sector (E&P) results to be a power-
demanding field and particular attention should be paid to
make it smarter and more efficient.

In the research of technology updates, upstream, as well as
downstream, 0il & Gas industry has always been seeking out
external innovations even in the field of informatic
technologies and robotics.
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Figure 1: Work-class ROVs: the innovative remote-controlled
robots for subsea operation[1]

In Figure 1 a work-class ROV (remote operated vehicle) for
subsea exploration is reported during its assembly phase. ROVs
are made from robotic arms, known as manipulators, a camera,
for subsea environment visual analysis, electrical drivers for
motion control and batteries or external cables for
communication and power delivery. ROVs for exploration were
introduced during the ‘70s and represented a significant
technology update in their field: thanks to the fact that they
can be designed to operate at very high pressure and low
temperature conditions, with the respect to human operators,
they allowed to discover a high number of new oil fields that
previously were thought impossible to be investigated,
increasing the opportunities for 0il & Gas companies. The
introduction of ROVs also decreased the cost of the
exploration operations and, on top of the economics aspect,
they increased the safety by substituting and replacing human
operators.

ROVs represent also an example of technology transfer from
external sectors (in this case the military sector) to
upstream 0il & Gas operations. Technologies that come into the
0il & Gas sector often enter into a prolific chain of



innovation and become refined commercialized. That was also
the case for ROVs, that having been incorporated for years in
the Upstream sector, found new application for scientific
research in marine biology and they have been used over the
years to search for famous shipwrecks and discover new marine
species.

In the following paragraphs, some of the most important new
technologies in the E&P sector will be presented and
discussed.

111 Source:
“https://pubs.spe.org/en/jpt/jpt-article-detail/?art=5153"
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1 Introduction

In recent years, artificial intelligence (AI), in its many
integrated flavors from neural networks to genetic
optimization to fuzzy logic, has made solid steps toward
becoming more accepted in the mainstream of the oil and gas
industry.

On the basis of recent developments in the field of 0il & Gas
upstream, it is becoming clear that petroleum industry has
realized the immense potential offered by intelligent systems.
Moreover, with the advent of new sensors that are permanently
placed in the wellbore, very large amounts of data that carry
important and vital information are now available.

To make the most of these innovative hardware tools, an
operator intervention is required to handle the software to
process the data in real time. Intelligent systems are the
only viable techniques capable of bringing real-time analysis
and decision-making power to the new hardware.

An integrated, intelligent software tool must have several
important attributes, such as the ability to integrate hard
(statistical) and soft (intelligent) computing and to
integrate several AI techniques. The most used techniques in
the 0il and Gas sector are:

- Genetic Algorithm (GA), inspired by the biological
evolution of species in natural environment, consists of
a stochastic algorithm in which three key parameters
must be defined:

1. Chromosomes, or better, vectors constituted by a
fixed number of parameters (genes).

2. A collection of chromosomes called genotype, which
represents the individuals of a population.

3. The operations of selection, mutation, and



crossover to produce a population from one
generation (parents) to the next (offspring).
= Fuzzy Logic (FL) is a mathematical tool able to covert
crisp (discrete) information as input and to predict the
correspondent crisp outlet by means of a knowledge base
(database) and a specific reasoning mechanism. To
achieve such goal, the crisp information 1is firstly
converted into a continuous (fuzzy) form, secondly
processed by an inference engine and at least re-
converted to a crisp form.
= Artificial neural network (ANN) is constituted by a
large number simple processing units, characterized by a
state of activation, which communicate between them by
sending signals of different weight. The overall
interaction of the units produces, together with an
external input, a processed output. The latter is also
responsible of changing the state of activation of the
units themselves.

The techniques described above have been adopted in the 0il
and Gas field since 1989. Relatively to 0&G industry, Figure 1
shows the number of applications of AI.



20 &

15

10

i

3

2001 2001 2003 2004

® Neural Network m Genetic Algorithm = Fuzzy Logic Hybrid System

Figure 1 Artificial intelligence (AI) applications in the 0il
and Gas industry during the years.

In the following sections some of the application of AI in the
0&G sector will be analyzed with a particular focus on the
Drilling operation (Exploration & Production).
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1 Introduction

The climate change is the biggest challenge that the human
kind have ever had to deal with. Despite a residual skepticism
on the topic, “climate change is real”[1] and it is already
influencing and it will influence the life on Earth.

The cause of climate change is attributed to the significant
increase of greenhouse gases (mainly CO,) in the atmosphere,

able to trap heat radiating from Earth toward space. By means
of the analysis of ice cores[2] it has been discovered that,
for millennia, the concentration of carbon dioxide 1in
atmosphere has been below 300 ppm. As it is shown in the
Figure 1, such threshold was broken in 1950 and, since then,
the concentration of CO, has never stop growing reaching in

2019 the value of 410 ppm[3].
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Figure 1 Variation of carbon dioxide concentration during
millennia estimated from atmospheric samples collected from
ice cores’.

According on the considerations mentioned above, the 21st
century is indeed recognized as the “era of climate change”
mainly characterized by the increase of the land-ocean mean
surface temperature (GMST) and, as a consequence, by other
environmental phenomena such as the increase of the average
sea level and the retreat of glaciers.

The reason why the amount of GHGs in the atmosphere 1is
increasing so rapidly is strictly connected to the growth of
the world population driven by the development of the
industrial sector. Since the mid-20th century the
anthropogenic CO, emissions have raised exponentially (see

Figure 2) in 1line with the trend detected of the carbon

dioxide concentration in atmosphere. On top of this, the human
action is identified as the main cause of the global warming.
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Figure 2 Global anthropogenic C02 emissions[4].

The sign of the Paris Agreement (Paris climate conference -
COP21, December 2015), the first-ever universal, legally
binding global climate change agreement, represents an
important act to the fight against the climate changes. Major
players of the 0il & Gas and Energy sector are financing the
development of sustainable technologies in order to diminish
their significant carbon footprint. The actions of mitigation
of the emissions of carbon dioxide are mainly directed to the
main sources of CO, which, as shown in the Figure 3, comes from

the combustion of coal, o0il and gas, and from the operations
of flaring and cement production[5].
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Figure 3 C02 emissions by fuel type, [5].

[1]
https://sites.nationalacademies.org/cs/groups/internationalsit
e/documents/webpage/international 080877.pdf

[2] To find more: https://icecores.org/about-ice-cores
[3] https://climate.nasa.gov/

[4] “Climate Change 2014 Synthesis Report Summary Chapter for
Policymakers,” 2014.

[5]
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissi
ons
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1 Introduction

Every day, hundreds, if not thousands, of oil spills are
likely to occur worldwide in many different types of
environments, on land, at sea, and in inland freshwater
systems.

The spills are coming from the various parts of the oil
industry, mainly during:

= 01l exploration and production activities.
»0il transportation in tank ships, pipelines, and
railroad tank cars.

The sea environment is particularly subjected to oil
pollution. It is estimated that approximately 706 million

gallons of waste oil enter the ocean every year_. According to
the data of oil spills in the United States published by the
Environmental Research Consulting (ERC), large spills (over 30
tons), which the 0,1% are incidents, represent the 60% of the
total amount of oil spilled. Despite the latter information,
72% of spills are of smaller amount (0.003 to 0.03 ton or
less) as shown in (Figure 1-1).
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Figure 1-1 Size classes of U.S. marine oil spills, 1990 e 1999
(ERC data) .

Naturally, the relatively rare large spill incidents get the
most public attention owing to their greater impact and
visibility, for this reason it is impossible to measure the
entity of damage only considering the size of spillage.
Location and oil type are extremely important. Significant
efforts have been made to study oil spills after the Exxon
Valdez spillage of 1989 (Figure 1-3). However, such knowledge
has not kept pace with the growth of o0il and gas
development[3]. In 2010, in the Gulf of Mexico, took place the
Deepwater Horizon oil spill (Figure 1-3) considered one of the
most catastrophic environmental disasters in human history. In
such occasion, over 4.9 million barrels of crude oil were

released involving 180,000 km*> of ocean[4].

Timely and highly efficient responses can lead to more hopeful
outcomes with less overall damage to the environment. The most



used clean response devices and techniques[5] are (Figure
1-2):

= Manual recovery, mainly used for costal oil cleanup,
involves a team of workers/volunteers using tools like
rakes and shovels to collect the oil into buckets and
drums for transfer it to a processing station.

 Booms, mechanical barriers that protect natural
resources from spreading crude oil. They are very useful
to confine the oil spill facilitating the cleaning
operations.

- Skimmers, mechanical devices designed to remove oil from
the water surface without causing changes to 1its
physical or chemical properties and transfer it to
storage tanks. Skimmers are usually used together with
booms.

= Sorbents, materials that can soak up oil from the water
by either absorption or adsorption.

=In situ burning. It is a cleaning technique which
consists in a controlled burning of the oil that takes
place at, or near, the spill site.

- Dispersants are chemical spill treating agents, similar
to emulsifiers, that accelerate the breakdown of oil
into small droplets that “disperse” throughout the
water. Dispersants are used to reduce the impact to the
shoreline and to promote biodegradation of oil.

- Bioremediation. It consists of the introduction of a
microbial population (bio-augmentation) together with
nutrients (bio-stimulation), to enhance the rate of oil
biological degradation.
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Figure 1-2 A visual overview of all the oil spill response
techniques_ -

The detection and monitoring of o0il spillage are of
fundamental importance to perform a rapid response.
Innovations on sea protection involve, in fact, both oil spill
monitoring and response techniques.

Figure 1-3 BP Deepwater Horizon blowout 2010 (left), Exxon
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Valdez spillage (right)_—.
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