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Abstract: The demand for liquefied natural gas (LNG) as an energy commodity is increasing, al-
though its respective supply chain is subjected to risks, uncertainties, and disturbances. An analysis
of experiences from the global LNG supply chain highlights many of these risks. As such, there
is an incumbent need to develop resilient LNG supply chains. In this study, the risks associated
with the LNG supply chain are categorized into four dimensions: Political and regulatory, safety
and security, environmental effects, and reliability of new technologies. A SWOT method is then
implemented to identify strengths, weaknesses, opportunities, and threats within the LNG supply
chain, where the LNG supply chain of Qatar is considered as a case study. Relevant strategies are
then recommended using a SWOT matrix to maximize strengths and opportunities, while avoiding
or minimizing weaknesses and threats within the LNG supply chain. Finally, major parameters
to be considered to develop a resilient LNG management model are listed based on the level of
priority from LNG producer and receiver perspectives. Thus, as part of creating a robust LNG supply
chain, decision-makers and stakeholders are urged to use the learnings from the SWOT analysis and
experiences from LNG supply chain management.
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1. Introduction

Natural gas is an energy source that offers higher environmental benefits compared to
other fossil fuels. It has been promoted as a transition fuel to bridge the fossil fuel era with
that of renewable fuels. Use of natural gas reduces carbon dioxide (CO,) emissions by 30%
when compared to oil and coal, with a twofold reduction in nitrogen oxide (NOy) emissions
and virtually negligible sulphur dioxide (SO;) emissions [1]. Incidentally, the demand from
the international market is the main driver influencing the production volume of liquefied
natural gas (LNG). In this regard, the LNG production capacity of the state of Qatar, one
of the largest producers of LNG, will increase from 77 million tons per year (MTA) to
110 MTA by 2025, with a customer portfolio spanning across the globe [2]. This expansion
is based on certain assumptions related to the further globalization of the LNG market,
the rationale of which are as follows: (i) oil market balance maintains high energy prices;
(ii) developing nations, particularly India and China, are accelerating the minimization of
greenhouse gas emissions (GHG) by increasing the use of natural gas rather than oil and
coal; (iii) and natural gas starts to account for an increasing percentage in power generation
compared to other forms of fuel [3]. Notably, a significant shift is underway in the LNG
global market as it becomes more flexible, and LNG contracts are changing simultaneously
in four dimensions: the term and volume of contracts are reduced, the prohibition on
the resale of LNG is lifted, and mixed prices are transitioning from oil-based price to
gas-to-gas price. The former paradigm, where purchasers of LNG are entirely dependent
on producers and have to engage in long-term contracts to recover the manufacturer’s
investment costs and sell its natural gas for 20-30 years, is no longer preferred [4]. In
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addition, significant developments are occurring in the LNG market. For instance, the
LNG market has become liberalized with the increase in the volume and variety of LNG
traders. In 2018, the global LNG trade reached record levels of 316.5 MT [5]. High price
levels in Japan have also declined, following the decline in oil-indexed LNG costs, from
approximately US$ 13/MMBtu in 2015 to US$ 9/MMBtu [5]. In September 2021, the Asian
LNG spot price reached a higher record of US$ 34.47/MMBtu from US$ 4.78/ MMBtu
in September 2020 [6]. These shifts have introduced challenges and uncertainties within
the complex LNG market and supply chain encompassing production, gas processing,
liquefaction, transportation, storage, regasification, and utilization. Failure in one segment
might influence other segments and eventually compromise LNG supply resilience. In the
drive towards competitiveness and effectiveness, supply chain management is essential in
the current economy. The supply chain is composed of all the links necessary to convert
consumer demands into usable products and then return those products to customers. Due
to this, it is critical to ensure seamless functioning across the whole supply chain. Consider-
ing the above, this research analyzes the main issues in the supply chain considering the
changing dynamics of the LNG market and provides recommendations on how to address
and mitigate these challenges in the drive towards a greener and more resilient future.

LNG is natural gas that has been cooled to a liquid form for transportation and
storage purposes. Natural gas has been liquefied for transportation purposes and reaches
unreachable gas market by pipelines or a specialized carrier in a safe, reliable, and efficient
manner [7]. The LNG supply chain comprises five key entities/processes: exploration,
liquefaction, transportation, regasification, or transport to the consumer. The supply
chain begins with natural gas extraction and continues with pipeline transportation to
a liquefaction facility. The LNG is then transported to regasification facilities located
around the globe, where it is re-gasified and supplied to consumers as natural gas. In
most parts of the globe, natural gas is the fastest-growing energy source, driven by the
low GHG and the ability to generate electricity with high conversion efficiencies. LNG
shipping may demonstrate society’s reliance on marine transport infrastructure. The
high cost of LNG supply chain operations and infrastructure creates a strong incentive to
develop lean and closely linked systems, which increases resource utilization and reduces
costs [8]. Uncertainties in the LNG supply chain may occur in one of the five supply chain
processes/entities: Production, storage, transportation, loading/unloading, and utilization.
The performance of the supply chain may be affected by delays and bottlenecks caused
by uncertainly in any of the connections” functions. As a result, it is essential to exert
control over the numerous variables that affect the supply chain. Appropriate planning
and management of uncertainties will result in improved scheduling, optimal production
levels, on-time delivery, and increased customer satisfaction. Uncertainties tend to prompt
decision-makers to establish safety buffers in terms of time, capability, or inventory to
avoid a chain/cascade failure. With these buffers, operational performance may be limited,
and competitive advantage reduced.

Resilience is a frequently used term in many areas, including engineering, environ-
mental science, and organizational and operations research. It has encouraged scholars and
practitioners to further their studies into supply chain resilience and develop conceptual
frameworks. A system’s capacity to recover from adversity and return to its original or
better state is known as resilience [9]. Organizations consequently need to examine the
resilience of their supply chains as part of continuity. In terms of energy resilience, it refers
to the need to ensure that a company’s energy supply is consistent and stable, in addition
to factoring in the necessary back up in the case of a power outage. Whereas, energy
vulnerability is defined as an energy system’s susceptibility to unfavorable events and
change [10]. In terms of risk management in the marine supply chain, the characteristics of
a transport system that may degrade or restrict its capacity to survive are referred to as
vulnerability, managing and withstanding attacks and disrupting events that occur both
within and beyond the system’s perimeters [11]. Resilience involves addressing the effects
of a disturbance rather than only avoiding disruption. Prior to disruption, however, efforts
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are undertaken to build a robust system [11]. Identifying the risks within the supply chain
will support a resilient supply chain, where risks can be classified into three categories:
(i) internal to the firm (e.g., process and control); (ii) external to the firm but internal to the
supply chain network (e.g., demand and supply); and (iii) external to the network (e.g.,
environment) [12].

The SWOT method has been implemented to analyze various objectives, including
processes and energy transition strategies, energy resilience, energy vulnerability, environ-
mental innovation and preservation, and business—institutions-NGOs partnership. For
instance, Goers et al. (2021) adopted the SWOT method to identify strengths, weaknesses,
opportunities, and threats of renewable energy deployment in energy transition for several
regions. The study demonstrates strengths, identifies weaknesses, main opportunities,
associated threats, and recommended strategies for guiding regional energy transitions [13].
Vasudevan (2021) examined the impediments and limits imposed by EU policies and frame-
works on natural gas decarbonization based on SWOT, which includes a PESTEL (Political,
Economic, Social, Technological, Environmental and Legal) macroeconomic factor assess-
ment [14]. Moreover, strengths, weaknesses, and opportunities of the energy sector in the
Arab Region was demonstrated in the report highlighting the “Energy vulnerability in
the Arab Region” implemented by United Nations Economic and Social Commission for
Western Asia [15]. The SWOT method has been also used for environmental innovation and
preservation. For instance, the four most potential LNG bunkering systems (Truck-to-Ship,
Ship-to-Ship, Port-to-Ship, and Terminal-to-Ship, and Mobile Fuel Tanks) using a SWOT
analysis method in the context of the Mediterranean port was examined [16]. In addition,
the SWOT method is extensively used in business—institutions-NGOs partnership as gov-
ernments and international agencies seek to identify strengths, weaknesses, opportunities,
and threats [17]. Moreover, existing literature has attempted to determine the optimal
means of transporting LNG from one point to another. For instance, a thorough analysis
of LNG supply chain resilience places a premium on system stability, reducing emissions,
and delivery uptime in the case of interruptions resulting in unexpected shutoffs [18].
Bouwmeester and Osterhaven (2017) used non-linear programming to forecast the broader
interregional and inter-industry consequences of natural gas supply interruptions. The
model educates policymakers on the scale of the broader economic consequences of natural
gas supply interruptions and identifies key gas supplier relationships [19]. Moreover,
Sesini et al. (2020) presented a novel modeling framework in emergencies defined by
very low temperatures and a rise in natural gas requirements [20]. A global LNG supply
chain model was developed to assess vulnerabilities in identifying measures that support a
resilient LNG supply chain [21]. However, there is limited work in the literature that have
implemented SWOT analysis to assess the LNG supply chain and recommended strategies
to enhance the resilience of the LNG supply chain, and no study has reported exogenous
security threats and disruption risks across the entire LNG supply chain. As such, this
study will address the aforementioned gaps using a Qatar case study described below.

Case Study and Objectives

The LNG business is becoming more competitive with over 20 countries now provid-
ing consumers throughout the globe, of which the State of Qatar, United States, Australia,
Malaysia, and others are currently major LNG suppliers. As the second-largest LNG
exporter in the world (at 77 MTA) in 2021, Qatar is investing heavily to retain its position as
the world’s most dominant player [22], by expanding LNG production capacity by approx-
imately 64% by 2027 to achieve 126 million metric tons of LNG per year [23]. Considering
that production, liquefaction, and transportation are the three key components within LNG
supply chain, expanding LNG transportation capabilities can further enhance Qatar’s LNG
supply chain, considering that production and liquefaction are well established. The State
of Qatar has gained a substantial competitive advantage by constructing one of the world’s
most efficient and reliable LNG end to end supply chains, thus owning and managing the
whole LNG supply chain, putting it ahead of competitors in the LNG market. As such,
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Qatar can be more equipped to react to future unforeseen risk occurrences and instantly
recover from any potential interruptions if it boasts independent shipping capabilities, in
addition to well-established production and liquefaction facilities. Therefore, the reliance of
international purchasers on Qatar as a dependable LNG supplier can grow as the country’s
LNG supply systems become more resilient. To further elaborate on the above, this study
addresses the strength, weaknesses, opportunities, and threats of the Qatari LNG supply
chain and then draw strategies to obtain a resilient LNG supply chain. As such, the primary
aim of this study is to strengthen the LNG supply chain’s resilience via the identification
of strengths, weaknesses, opportunities, and threats. The importance of the study is to
mitigate all the risks associated with technical, environmental, economic, geographic, and
political aspects. In this study, the LNG supply chain of Qatar is considered as a case study
as part of fulfilling the following objectives:

Examine recent global accidents that can occur for the LNG supply chain.
Demonstrate lessons learnt in LNG supply chain experiences from around the globe.
Address strengths, weaknesses, opportunities, and threats that can affect Qatar’s LNG
supply chain.
Recommend strategies to overcome weaknesses, utilize opportunities, and avoid threats.
[lustrate major parameters and provide a priority plan to enhance the resilience of
Qatar’s LNG supply chain.

e  Recommends certain strategies to overcome the risks associated with the LNG supply chain.

The remainder of this report is structured as follows. Section 2 details the method
implemented in this study. In Section 3, major accidents and experiences that have occurred
in LNG supply chain are described. In Section 4, findings of the SWOT method are
demonstrated where strengths, weaknesses, opportunities, and threats are mentioned,
and recommended strategies are listed based on the SWOT matrix. Finally, Section 5
summarizes the conclusion and limitations of this study.

2. Methodology

A SWOT method is applied in this study to determine Qatar’s LNG supply chain’s
strengths, weaknesses, opportunities, and threats. Therefore, databases and directories
are widely utilized in this research to locate and gather information important to the LNG
supply chain in Qatar from a technical, industrial, and market-oriented perspective. Sta-
tistical data, press announcements, and company reports have been used as resources for
this research, as well as official publications and databases from a range of various organi-
zations and associations. Most of the information gathered from these sources has been
used to provide a comprehensive description of the LNG supply chain, financial system,
global network of main players, market classification, downstream sectoral segmentation,
regional markets, and major market and technological advancements. With these resources,
researchers identified, classified, described, and forecasted changes in Qatar’s LNG supply
chain. The collected data are then used to recommend strategies on how to enhance the
robustness of the LNG supply chain.

The SWOT method is often used for strategy creation to learn about the present status
of an examined item and create future solutions to existing problems. The SWOT method
may be used to identify an item’s strengths (elements to leverage and develop), weaknesses
(related areas of guidance and assistance), opportunities (related fields of benefit utilization),
and threats (components that prevent the object from developing). Internal factors describe
strengths and weaknesses, while external factors define opportunities and dangers [24].
The SWOT method was successfully used in energy discipline, for instance, in the study
of sustainable energy development [25,26] and transition to renewable energy [27,28].
The main rationale for selecting a SWOT analysis is to address strengths, weaknesses,
opportunities, and threats to the Qatari LNG supply chain and then draw strategies to
enhance its resilience. Such analysis enables LNG suppliers to discover all elements that
may influence the overall LNG market, and how that may then impact operations, allowing
them to gather and compare data of various forms and objectives, which together can
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provide decision makers with all the necessary information to undertake critical decisions,
especially with regard to future possibilities and analyzes the company’s capacity to pursue
them [29].

When applying the SWOT method to Qatar’s LNG supply chain, internal and exter-
nal factors affecting the LNG supply chain in Qatar will first be gathered and evaluated
utilizing reports, literature, papers, legislation, and data. The SWOT method used in this
study consists of three steps: (i) material collection; (ii) SWOT analysis; and (iii) strategy
recommendations. The material collection step aims to amass all pertinent data and materi-
als related to the research subject, including includes rules, reports, books, papers, statutes,
national statistics, and legislation. The SWOT analysis phase is used to debate, analyze, and
define all aspects of strengths, weaknesses, opportunities, and threats based on the data
gathered. Relevant strategies are identified throughout the brainstorming process based on
strengths, weaknesses, opportunities, and threats to maximize the use of strengths and op-
portunities while avoiding or minimizing weaknesses and threats, as illustrated in Figure 1.
The SWOT matrix is then applied in four distinct strategies: strengths—opportunities (SO),
weaknesses—opportunities (WO), strengths—threats (ST), and weaknesses—threats (WT). SO
strategies are achieved by combining internal strengths with external opportunities and
employing strengths to benefit from opportunities; internal weaknesses and external op-
portunities, as well as the possibility to address these weaknesses, which is the foundation
of WO strategies; internal strengths and external risks are combined in ST strategies to
prevent threats; internal weaknesses are combined with external threats in WT strategies,
and weaknesses are reduced to avoid threats. Moreover, identifying strengths, weaknesses,
opportunities, and threats can support the development of a resilient LNG supply chain.
The recommended strategies can also mitigate possible risks associated, whilst utilizing
available opportunities and strengths.

‘ Materials Collection ‘

‘ SWOT Analysis ‘
Strengths Opportunities Weaknesses Threats
¥ ¥ “
Strengths Weaknesses Strengths Weaknesses
-opportunities -opportunities -threats -threats

Strategy Recommendations

J

Resilient LNG Supply Chain

(Source: Compiled by the authors from [30]).

Figure 1. A flowchart of the applied methodology for the LNG supply chain via a SWOT analysis
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3. Results and Discussion

In the following sections, major accidents that could occur within the LNG supply
chain are described, followed by mentioned experiences of LNG supply chain from around
the globe. These experiences are characterized in four categories: Political and regulatory
problems, safety and security issues, environmental effects, and reliability of new technolo-
gies. Then, the SWOT method findings are demonstrated where strengths, weaknesses,
opportunities, and threats are mentioned. Finally, recommended strategies are listed based
on the SWOT matrix.

3.1. Experiences in the LNG Supply Chain from around the World

Several significant accidents have occurred on the LNG supply chain. One of the
substantial accidents occurred in 2013, when a 10,114 20-foot equivalent unit box ship
operated by Hanjin Shipping, Hanjin Italy, collided with the 216,224 m3 LNG carrier in
the Malacca Strait. The LNG carrier carrying full LNG cargo for the Futtsu LNG terminal
in Japan sailed from Ras Laffan in Qatar in December 2013. Fortunately, the cargo was
not damaged, or else it could have been a full-scale disaster. The damage was limited
to the forepeak. Both ships remained at the anchorage off Singapore after the accident.
Futtsu LNG terminal refused to accept the cargo by damaged operating vessel. Thus, the
LNG operating company decided to send another ship and transfer the cargo using a
ship-to-ship operation in order to deliver the cargo on time. The damaged vessel was out
of service for a particular time for maintenance [31].

Moreover, the LNG transport sector faced a new Black Swan on March 2021 when
the containership Evergreen ran aground in the Suez Canal due to high-speed wind. This
halted canal traffic, which averaged 50 transits a day, and caused high insecurity in global
markets. The Suez Canal plays a key role in the global transit of LNG between the Atlantic
basin markets and the Asia Pacific and the Middle East markets. A total of 686 LNG carriers
transited the Suez Canal in 2020, comprising laden and ballast carriers. This includes 388
laden LNG vessels that crossed the canal, representing 7% of global LNG transportations.
The Suez Canal blockade caused 370 ships to wait to pass through, of which 16 LNG tankers
were involved. As there was no knowledge of how long it would take for the interruption
to be eliminated, several LNG ships adopted alternative routes, notably to the Cape of
Good Hope in Africa. This resulted in increased shipping prices as the shipping periods
for LNG from the Middle East to Europe increased to 27 days, or 10 more days, instead
of shipping via the Suez Canal. Meanwhile, some LNG ships chose to wait for a transit
crisis solution. The blocking of the Suez Canal lasted one week, and the containership and
the ship traffic began once again. In this respect, a major interruption to the market for
LNG shipments was averted. Each day, about 12% of world commerce, approximately 1
million barrels of oil, and approximately 8% of LNG flow through the canal, and the canal’s
earnings was expected to decline by US$ 14M-15M for each day of the blockade. Prior
to the epidemic, commerce through the Suez Canal accounted for 2% of Egypt’s Gross
Domestic Product [32].

Positive, negative, or mixed risk lessons from across the world may assist businesses
and governments in responding to LNG’s strong development and globalization. These
lessons apply to all aspects of business, including the safe and secure passage of LNG
vessels through congested waterways, the evaluation of technological innovations using the
appropriate risk criteria, the management of uninformed public perceptions of unjustified
LNG risks, and the assessment of political and regulatory risks. These lessons are important
on their own and in combination when it comes to third-party access and multi-user
implications. While the risk bank operates on all continents, experience in each nation is
unique due to the nature of the government and regulatory structure. For instance, the
United States and its territories serve as a testing ground for public views, security and
safety, and environmental issues. Additionally, lessons about managing multiple-user
terminals in a competitive setting may be learnt from US terminals. Numerous European
receiving terminal projects may benefit from the growing US experience, particularly legal
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and multi-user issues [33]. As a result, the global LNG supply chain’s acquired lessons are
classified into four categories: (i) regulatory and political problems; (ii) issues of security
and safety; (iii) consequences for the environment; and (iv) reliability of new technology.

3.1.1. Regulatory and Political Problems

Political and regulatory concerns exist throughout the sanctioning process and include
the apparent threat of not obtaining official approval and the potential of government inter-
vention and delays, which may decrease the competitiveness of a proposition. Regulation
changes or governmental requirements may have an effect on operations and, consequently,
project profitability during the post-sanction period. Political and regulatory risks may
be successfully managed in some LNG-dependent countries, via a well-defined national
strategy and successful government-business partnerships [34]. However, there may be
challenges to expanding LNG production due to governance, legal issues, regulatory
structure, and layers of authorization [35].

3.1.2. Issues of Security and Safety

For the LNG industry, safety has always been a top concern. Onshore, this has been
handled via LNG-specific design standards, vessel type classification, operating procedures,
and stringent operational protocols. Diverse fields use various safety regimes to avoid
unwanted events, the most important difference occupying a space between consequence-
based and risk-based management. In the United States and Asia, incidents are investigated
using a consequence-based method based on National Fire Protection Association (NFPA)
59A. The NFPA approach requires less research than the risk-based strategy and may be
simpler for the general public to understand [36]. However, this method precludes the eval-
uation of the efficacy of project-specific measures targeted at decreasing the probability of
occurrences by concentrating only on worst-case scenario accident scenarios and disregard-
ing the frequency of events. For instance, laws of Canada outline a risk-based approach,
although it does not include specific approval standards, and Canadians rely on the NFPA
for plant architecture [37]. A risk-based approach requires the acquisition of knowledge
and tools for conducting cutting-edge risk assessments. Rabaska effectively implemented
a risk-based approach for constructing an underground unloading line, thus minimizing
public hazards [38]. If only the implications were considered without regard for probability,
this design improvement would not have been suggested. As security has grown more
inextricably linked to risk management by governments, businesses have realized that
they would face greater examination for security and safety, particularly downstream. As
public opinion and project approval are affected by safety and security, they are critical for
the profitability of a project and its survival. The risk analysis of terrorist attacks on the
port’s LNG storage tanks was conducted and verified through case studies. The defense
capabilities of the police and different prevention strategies were studied [39]. The results
show significant differences in accident consequences between different defensive and
emergency response forces. Different scenario analyses have been conducted, providing
a theoretical basis and method support for public security and urban risk management
departments’ security prevention decisions [39].

3.1.3. Consequences for the Environment

Natural gas has developed a reputation for being the most environmentally friendly
fossil fuel available. Nonetheless, the LNG business must continuously preserve that image
by limiting environmental effects and reducing the likelihood of a disaster. The Paris
Agreement was initiated and aimed to substantially reduce global GHGs to limit the global
temperature increase to 2 °C above preindustrial levels while pursuing the means to limit
the increase to 1.5 °C [40]. Moreover, International Maritime Organization (IMO) 2020
mandates a maximum sulphur content of 0.5% in marine fuels globally [41]. In 2018, CO,
emissions from shipping represented 740 MT. In this regard, the IMO has been actively
engaged in a global approach to enhance ships’ energy efficiency further and develop
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measures to reduce GHG emissions from ships and provide technical cooperation and
capacity-building activities [41]. Although environmental protection is a global concern,
LNG companies anticipate using cutting-edge technology and operating in more active
environmental areas. Offshore projects have unique difficulties associated with air pollu-
tion and the potential for marine life disruption during development and operation. There
are many instances of environmental conflicts, most notably in the United States. To avoid
harming the maritime environment, McMoRan’s Louisiana Main Pass Energy Hub had to
switch to a closed-loop system from its original opened-loop design [42]. Additionally, con-
cerns regarding the impact of massive, permanent development in Long Island Sound on
marine life are being actively addressed by Broadwater LNG [43]. Similarly, governments
and businesses in Europe, Canada, and Australia have cooperated to improve the design
of the built environment. For instance, only after strict measures to preserve endangered
marine species were put in place by Western Australia’s State Environmental Protection
Program was the Gorgon project given the green light [44]. Australia’s North West Shelf is
now undergoing a comprehensive Joint Environmental Management Study, which presents
both difficulties and opportunities for development [45]. Recent experience demonstrates
that players in the LNG industry have successfully managed environmental problems via
rigorous planning and risk assessment. This is a significant step forward for expanding the
LNG supply chain expansion, whilst also reducing environmental effects.

3.1.4. Reliability of New Technology

As the LNG market grows more competitive, businesses are moving away from tried-
and-true conventional technologies in favor of cutting-edge procedures and equipment
to save money and improve flexibility, safety, and security. Alternatively, technological
advances may result in increased training expenses and unanticipated problems, increasing
the level of uncertainty regarding reliability to a point where many operators will not
tolerate it. The most important advances have occurred in the building of offshore receiving
terminals, where many companies believe that new technology would mitigate the real or
perceived risks associated with a land-based posture. The Energy Bridge project aims to
design a scalable method for LNG discharge. The Energy Bridge project entails equipping
LNG tankers with an onboard regasification plant, a swivel mooring turret and manifold,
as well as an offshore buoy and pipeline system to discharge the LNG into the land-based
gas grid, all without the requirement for a complete LNG terminal. Additionally, the
project allows boats to discharge LNG directly onshore at any port equipped with a gas
receiving line, eliminating the requirement for a dedicated LNG single buoy mooring [46].
Nevertheless, there are dangers that should be considered; for example, a leak during
berthing may cause catastrophic damage because of cryogenic loads on the terminal’s top
level. Auxiliary inventions inspired by FRSUs include the Submerged Turret Loading (STL)
buoy [47]. As the industry grows, it faces the Research and Development (R&D) risk that
high-tech firms are used to prioritizing investment in a promising concept that may or may
not become economically successful in the future. For instance, The TORP HiLoad from
Remora Technology, which uses suction cups in conjunction with the vessel’s hull, has
gained Det Norske Veritas (DNV) and the American Bureau of Shipping (ABS) Approval in
Principle [48]. These credentials are needed for LNG developers to work with risk-averse
businesses, particularly financial institutions. To improve efficiency, new technologies are
always being created, as shown by the much bigger vessel sizes in the new fleets, such as
the Q-Flex and Q-Max, each of which has a maximum capacity of 210,000 and 266,000 m3,
respectively [49]. New technology cannot be used to bypass existing quality standards and
protections as the industry recognizes. Indeed, the new technology requires additional
tests and measures to operate correctly straight out of the box. New technology can only
help reduce overall risk if it is regarded as an integral component of the supply chain that
must be handled as part of a complete risk management plan.
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4. SWOT Analysis

This section presents strengths, weaknesses, opportunities, and threats of the LNG
supply chain in Qatar. The obtained internal and external factors of the analysis are
demonstrated in Figure 2.

SWOT Analysis

|
v v

Internal Factors

External Factors

v

v v y

Strengths

Weaknesses Opportunities Threats

e  Abundant natural gas resources

e Large LNG fleet base and long-
term contracts

e  Optimal geographical location

e GHG Emissions
e  Production of the boil of gas

Growing demand
Divertable contracts
Strategic partnership

e Increase competition
e  Unexpected shipping
regulations

e Charter volatility councils
e Strait of Hormuz

Figure 2. A summary of obtained findings (internal and external factors) from SWOT analysis for the
State of Qatar.

4.1. Strengths

The term “strengths” refers to the areas where a company succeeds and differs from
its competitors. Strengths include abundant natural gas resources, a large LNG fleet base,
long-term contracts, and optimal geographical location.

4.1.1. Abundant Natural Gas Resources

There is 872 tcm of natural gas reserves in Qatar, making it the third-largest single
non-associated gas resource in the world after Russia and Iran. This is equal to 12% of
global natural gas production. These reserves are mostly confined to Qatar’s vast offshore
North Field, which covers half the country’s land area [50]. The use of these vast reserves
is a national priority to maintain national growth and prosperity. The North Gas Field is
a stimulant for development in gas production and uses. This is due to the quantity of
natural gas in one ideal geographical location, and meteorological conditions that ease
production and lower costs in comparison to other locations across the globe. Considering
the advantageous characteristics of the North Gas Field in terms of enormous reserves,
in addition to its reputation as a source of cleaner energy with a long lifespan, the State
of Qatar has embarked on an integrated strategy to develop the field and optimize its
resources by securing new investment for the exportation of liquefied gas, the establishment
of new gas-based industry segments, and the construction of the necessary facilities.

4.1.2. Large LNG Fleet Base and Long and Short-Term Contracts

Qatar is the world’s biggest LNG exporter, with a fleet of 69 LNG ships (24 conven-
tional, 31 Q-Flex, 14 Q-Max) using the most recent technology to guarantee that gas is
transported safely, in ecologically friendly manner, as well as cost-effectively, across the
world’s oceans [51]. A major development project in the North Field is now underway,
and it will increase Qatar’s present LNG productivity of 77 MTA by 2025 to 110 MTA. To
meet the demands of the North Field Expansion Project and Qatar’s future LNG ship fleet
obligations, Qatar intends to preserve LNG shipbuilding capacity up to 100 new LNG ships.
This will be the world’s biggest LNG shipbuilding project [52]. Due to the high number of
long-term contracts Qatar has signed, there will be less fluctuation in cash flow, allowing
big, long-term capital expenditures to be financed with more debt. As a result of increased
leverage, borrowing costs are reduced. On the downside, long-term contracts prevent the
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parties to them from benefiting from lucrative short-term trading scenarios [53]. Table 1
shows some of the signed long-term contracts. However, spot and short-term contracts
have increased after a drop in spot prices, which keeps long-term deals less attractive [54].

Table 1. Some examples of recent long-term contracts between Qatar and other countries.

Exporting Importing Starts and

Country Country Type of Contract Ends Duration  Reference
Qatar South Korea Long term contract 2025-2045 20 [55]
Qatar Singapore Long term contract 2023-2033 10 [56]
Qatar Pakistan Long term contract 2018-2038 20 [57]

4.1.3. Optimal Geographical Location

Qatar is a Middle Eastern peninsula bordered by Saudi Arabia by land, and extends
160 km into the Arabian Gulf. Due to its central location between the West and the East,
Qatar is an attractive LNG export destination because of the reduced transportation costs.
Near the northeastern point of Qatar, is Ras Laffan Port, which is just 67 km from North
Field. It is a deep-water port with one of the largest artificial harbors in the world, and
comprises of six LNG terminals, six liquid product terminals, one sulphur-bearing terminal,
and six dry cargo terminals presently in operation [58]. Moreover, the Ras Laffan Port is
one of the largest energy export facilities, able to accommodate a broad variety of vessels,
including the latest Q-Flex and Q-Max LNG carriers.

4.2. Weaknesses

Weaknesses prevent an organization from operating at maximum efficiency. These are
areas in which the company may improve to stay competitive. Weaknesses include GHG
emissions and production of Boil-Off Gas (BOG).

4.2.1. GHG Emissions

Globally, many organizations and governments are increasingly concerned about the
impact of fossil fuels on the environment and are thus are exploring alternative energy
sources [59]. Natural gas is one of those fossil fuels, although it is the cleanest, where GHG
is produced throughout its supply chain phases, including production, transportation,
storage, loading and unloading, and utilization. In the LNG production phase, natural
gas is cooled to its liquid state to a temperature below —160 °C to produce LNG. The
source of energy required to drive the liquefaction process and produce LNG is commonly
sourced from fossil fuels, where the production of 1 MJ of LNG, can result in approximately
10.29 g of GHG emissions [60]. In the LNG transportation phase, transportation of LNG
occurs in vessels that are fueled by fossil fuels, where the generated GHG emissions while
transporting LNG by heavy fuel oil (HFO) and by an LNG fueled ocean tanker for a
distance of 10,000 nautical miles are approximately 0.65 kg of CO; eq for 1 kg of HFO
and 0.6 kg of CO; eq for 1 kg of LNG, respectively [60]. Moreover, GHG emissions are
produced during the utilization of LNG, where approximately 57.5 g/M] of GHG emissions
are produced when LNG is burned [60]. This indicates that GHG emissions are produced
in all the phases of the LNG supply chain.

4.2.2. Production of Boil Off-Gas

Boil off-gas (BOG) is an unavoidable phenomenon occurring in different phases of
the LNG supply chain, namely land storage and transportation. In the transportation
phase, BOG occurs in conventional vessels, whereas the vessels (Q-Flex and Q-Max) have
a re-liquefaction unit that can capture BOG and convert it back into a liquid or utilize
it directly as gas for propulsion purposes [61]. BOG production occurs in tanks due to
temperature differences between the ambient temperature and LNG temperature. The gen-
erated BOG must be removed from LNG tanks to maintain the tank pressure. Removal of
produced BOG in an LNG tank reduces LNG quantity, affecting LNG value from technical,
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economic, and environmental perspectives. For instance, the daily BOG production rate of
storing LNG in a 160,000 m? land-storage tank is approximately 0.07%, and the daily BOG
production rate from an LNG conventional tanker is 0.12% [62]. Production of BOG in the
LNG supply chain also reduces the economic benefits of selling LNG. While accounting for
produced BOG as a cost, both production and transportation costs increase, consequently
reducing the economic benefits of selling LNG [63].

4.3. Opportunities

Opportunities relate to external circumstances that benefit an organization and may
provide it with a competitive edge. Opportunities include growing demand, strategic
partnership, and divertible contracts.

4.3.1. Growing Demand

Natural gas will be the fastest-growing fossil fuel, rising by 0.9% between 2020 and
2035 [53]. Due to the region’s economic and demographic development, LNG consumption
in Asia is rising much quicker than the rest of the world. Asia’s LNG consumption has
grown steadily throughout the first five months of 2021, with China accounting for the
majority of the increase. China’s LNG consumption is projected to rise by 11 MT this year,
constituting more than half of the 18 MT increase in the worldwide LNG market over the
forecast in 2021, and around one-third of global LNG demand growth in 2022. China’s top
position seems secure for years to come with its LNG demand backed by governmental
backing and solid-gas market fundamentals [64]. The goal of China being carbon-neutral
by 2060 is anticipated to drive an increase in the country’s demand for LNG. Consequently,
a supply—-demand imbalance is likely to develop by the middle of this decade, with less
new output entering the market than originally anticipated [65].

4.3.2. Strategic Partnerships

Various businesses are involved in energy transportation, ownership, operation, and
the promotion of the LNG natural gas market, and are thus positioned as strategic partners
in the LNG sector. As part of its strategy to develop new gas markets, Qatar, the world’s
largest LNG exporter, continues to expand its partnership with the largest energy and
infrastructure conglomerate in Brazil to contribute to the development of the Brazil natural
gas market through a third party [66].

4.3.3. Divertible Contracts

In order to provide the required LNG to the client at a competitive rate, pricing
mechanisms can be used. In light of the growing purchasing power of buyers in the
presently over-supplied market, this mechanism may provide buyers with a choice or a
combination of price indices to consider. When combined with the short-term capacity
and route flexibility, the power to turn back LNG cargoes at prices that the buyer deems
uncompetitive is a potent combination for a successful LNG export strategy. Divertible
contracts mostly applied to European contracts which the cargo diverted from one contract
to another with higher price [67].

4.4. Threats

Threats are defined as events or circumstances that have the potential to cause damage
to an organization. Threats include increased competition, unexpected shipping regula-
tions, character volatility councils, and potential disturbances at the Strait of Hormoz.

4.4.1. Increase Competition
LNG Production

Unlike other major energy-producing countries, Qatar mainly focuses on LNG trans-
portation, whereas other countries carry crude oil, processed products, and other items with
LNG. The demand for vessels is enormous, and the employment of vessels that have their
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charters expired, and vessels presently under construction, have considerable competition.
The long-term competition for LNG charters is based on the price, availability of vessels,
size, age and condition of the ship, relationships with the LNG operator and quality, LNG
experience, and the operator’s reputation. There has been increased competition in the
industry, with shipping and oil majors’ firms indicating an interest in LNG transportation,
as illustrated in Table 2. If the firm cannot compete with success, its revenues and market
share would decrease in the long term.

Table 2. Potential competitors/companies to Qatar’s LNG transportation capability (Source: Com-
piled by the authors from [68]).

Capacity 20-Foot

Competitors Location Equivalent Unit (TEU) Fleet Size
A.P. Moller—Maersk AS Denmark 4.1 million 708
Mediterranean Shipping Company Italy 3.8 million 560
Hapag-Lloyd AG Germany 1.7 million 248
Evergreen Line Taiwan 1.2 million 333

Shifting to Hydrogen/Renewable Energy

In the coming years, LNG is expected to be substituted by other renewable energy
sources to limit a global temperature rise to 1.5 °C. Meanwhile, comprehensive action is
needed to reduce CO, and methane emissions across all industries, including oil and gas.
The world is increasingly transitioning to renewable energy sources to meet approximately
up to 80% of global demand by 2050. As of today, clean-energy investment has been
relatively flat to around 30-37% of global energy supply investment [69]. Hydrogen
and other carbon-free energy carriers (i.e., ammonia) emerge as potential candidates for
overseas energy transport.

4.4.2. Unexpected Shipping Regulations

LNG operations are affected by detailed rules, regulations, agreements, and standards
in international waters. Strict legislation on disposal, cleaning of oil and other pollution, air
emissions, water discharges, and ballast water control. LNG firms are regulated by many
international bodies such as the International Maritime Organization, the European Union,
the Pollution Control Authority in Norway, and many more organizations. Marine firms
must comply with the amended requirements to keep their licenses for businesses. This
requires higher investments and resources that influence LNG businesses’ profitability.

4.4.3. Charter Volatility Councils

The market for tankers has been cyclical. The ability of LNG operators to make
profitable use of their vessels would depend on influences by economic conditions in the
tanker market, demand for petroleum and petroleum byproducts, global economic and
financial conditions, changes in maritime transport, and other patterns. The charter prices
rely on the quantity, the degradation rate of older ships, the transformation of tankers to
other purposes, the number of out-of-service ships, and environmental concerns and laws.
For example, charter prices of a medium-term charter business are changeable and closely
linked to the current market rates. If the ships are not profitable or chartered, the financial
flows of the firm may be affected.

4.4.4. Strait of Hormuz

The Strait of Hormuz is a waterway that connects the Arabian Gulf with the Gulf of
Oman, and it is the sole maritime route that connects the Arabian Gulf and the Indian
Ocean. In addition to the enormous quantities of oil products, condensate, and crude oil
that flow through the strait, which are equal to 25% of worldwide oil consumption, the
Strait of Hormuz is also one of the world’s most significant chokepoints for transportation.
The Strait also facilitates one-third of the world’s LNG trade [70].
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4.5. SWOT Matrix
SWOT matrix for the LNG supply chain of Qatar is presented in Table 3.

Table 3. SWOT matrix for the LNG supply chain of Qatar.

Strengths (S) Weaknesses (W)

Opportunities (O)

Strengths-Opportunities (SO) Strategies
(5101) LNG expansion plan
(5,0,) Adaptable and profitable plan
(5303) Reliance by third-party

Weaknesses—Opportunities (WO) Strategies
(W101) Environmental regulations and programs
(W>03) Enhance strategic partnerships

Threats (T)

Strengths-Threats (ST) Strategies Weaknesses—Threats (WT) Strategies
(51T1) LNG price reduction (W1T;) Clean LNG production
(S3T3) Flexible clause in the new LNG agreement (W, T,) Improve BOG capturing technologies and
(S3Ty) Find alternative routes for LNG transportation utilize BOG production effectively

4.6. Recommended Strategies

A portfolio of strategies has been created by combining internal factors encompass-
ing “Strengths” and “Weaknesses” with external factors covering “Opportunities” and
“Threats” in a SWOT analysis of Qatar’s LNG supply chain. As a result, 10 strategies have
been developed, as given in Figure 3.

4.6.1. Strengths-Opportunities (SO) Strategies

5104: Develop an LNG expansion plan, which can increase LNG production capacity
to meet global growing demand. Noting that Qatar has implemented such a strategy;,
increasing LNG capacity production from 77 MTPA to 110 MTPA by implementing an
expansion plan in the North Field [71].

5,0;,: Prepare adaptable and profitable plans by applying pricing mechanisms, which
describe a system in which the dynamics of supply and demand determine the cost of
products and the changes in those prices. Therefore, selling LNG cargoes to higher-priced
markets result in higher profits.

S303: Reliance on LNG producer third parties. Situated in an optimal geographical
location can support strategic partnerships as an LNG producer third-party. The third-party
owns and operates LNG cargos requested by one of the strategic partnerships to meet their
requests.

4.6.2. Weaknesses—Opportunities (WO) Strategies

W;0O;: Setting environmental regulations and supporting environmental programs,
requesting emissions reduction by implementing carbon capture and storage technologies.
In parallel, supporting innovative solutions that reduce produced emissions during the
LNG supply chain.

W,03: Enhance strategic partnerships to reduce LNG shipping distances; conse-
quently, reduce BOG production during transportation of LNG.

4.6.3. Strengths—Threats (ST) Strategies

51T;: Flexibility in varying LNG price. Since natural gas is abundant in Qatar and the
number of LNG suppliers is increasing, with potentially lower production costs relative to
other producers, reducing the selling price of LNG can attract more buyers.

S3T,: Develop flexible clauses in agreements in the case of new regulations, for
instance unexpected shipping regulations.

S3Ty: Identify alternative routes for transportation of natural gas. Since the Strait
of Hormuz is the only path for LNG cargoes from Qatar, any political, geographical,
environmental supply chain disruption can cause closure of this path and will disrupt
LNG trading by sea. Therefore, identifying alternative routes and innovative solutions
to transport natural gas/LNG from Qatar is necessary. An alternative solution can be
transporting natural gas via a pipeline, however, transporting natural via pipeline is
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not feasible for distances over 2000 km. Thus, such a solution is optimal for shorter
distances [72].

SWOT Analysis Strengths-Opportunities
Strategies
Abundant natural gas
resources LNG expansion plan
Large LNG fleet base
Strengths E— i
g and long-term contracts Adaptable and profitable
plan
Optimal geographical
location Reliance by third-party
Weaknesses-Opportunities
Emissions Strategies
Weaknesses EE— Environmental regulations
Production ofthe boil of and programs
gas
Enhance strategic
partnership
Growing demand Strengths-Thrusts
Strategies
Opportunities I Divertable contracts LNG price reduction
) ) Flexible clause in the
Strategic partnership new LNG agreement
Find alternative routes
for LNG transportation
Increase competition
Unexpected shipping Weaknesses—?" hrusts
. Strategies
regulations
Threats EE—
Charter volatility Clean LNG production
councils
Improve BOG capturing
X technologies and utilize BOG
Strait of Hormuz production effectively

Figure 3. A summary of strategies obtained from SWOT analysis findings to be implemented for a
resilient LNG supply chain.

4.6.4. Weaknesses—Threats (WT) Strategies

W T;1: Support production of clean LNG. As countries are aiming to reduce environ-
mental emissions, the production of clean LNG will be favored. Therefore, LNG providers,
who capture and utilize carbon emissions from the LNG supply chain are preferred.

W, T;: Improve BOG capturing technologies and utilize BOG production effectively.
Since BOG production rates increase as the transportation distance of LNG increases, devel-
oping reliable and effective BOG capturing technologies is essential as these technologies
can maintain LNG quantity while shipping trips [61].

Recommended strategies from SWOT analysis can support developing resilience in
LNG supply chains. The findings from SWOT analysis, including abundant natural gas
resources, large LNG fleet base and long-term contracts, and optimal geographical location
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are strengths that can enhance the resilience of the LNG supply chain. Furthermore, natural
gas will be more resilient to accommodate the energy transition driven by climate change
more than other fossil fuels since it is the cleanest fossil fuel [65]. Whereas, increased
competition, unexpected shipping regulations, charter volatility are the threats that can
exacerbate LNG supply chain vulnerability. In addition, opportunities obtained from SWOT
analysis, namely growing demand, divertible contracts, and strategic partnership are
factors that can enhance LNG supply chain resilience. Moreover, the following represents
resilience LNG supply chain parameters from the LNG producer perspective based on
Qatar’s LNG company. Such parameters could support more informed decision-making in
an efficient and reliable manner to accommodate customers’ needs.

e  Manage producer inventory: The inventory of LNG producers should be well planned
to avoid tank top or tank bottom situations, which have an impact on vessel availability
and deliver the cargo to the customer on time, respectively.

e  Deliver cargo on time: The LNG producer is obligated to deliver the cargoes on the
agreed time to avoid any customer end user shortage.

e  Flexibility in cargo delivery: LNG producers or consumers may request to change
either receiving the terminal or delivery date, and the flexibility to accommodate the
raised request will add value to the requester. Moreover, the ability to deliver the
cargo in an FSRU will maintain the resilience of the LNG supply chain.

e  Meet customer needs: With the increasing LNG market demand, the LNG production
capacity is to be increased to meet customer requirements.

e  Hydrocarbon emissions: As per IMO, the carbon emissions have to be reduced to 50%
by 2050 [29], which could be achieved by controlling the emissions produced during
loading and transportation processes.

e  Reach markets safely, efficiently, and reliably: LNG is a colorless, invisible, and non-
toxic chilled methane gas with a temperature of —160 °C, which is inflammable until
it comes into contact with air, at which point it quickly changes into vapors that are
readily ignited. LNG fire has the potential to grow to 150 m in height and burn for
an extended time. As a result, the most serious risks associated with LNG ships are
explosions, fumigation, and spills.

e  Cost optimization should be considered through the whole LNG supply chain, begin-
ning from production to delivery, to recover the investment and operating costs of the
LNG production and delivery.

5. Conclusions

As the demand for LNG continues to increase, the levels of risk and uncertainty within
the sector also increase, which is the impetus for the development of resilient LNG supply
chains and further developing resilience for the sector as a whole. This study begins by
presenting major accidents that have affected the LNG supply chain. Demonstrating such
accidents can provide insights into financial, technical, and environmental losses, which
can be studied to eliminate such losses in similar future accidents. Moreover, examining
experiences or lessons learned in global LNG supply chains can mitigate any potential risks.
Any model for LNG resilience management can include the recommendations described
within this article as part of its design. While resilient management techniques will not
eliminate unexpected shocks, LNG businesses that incorporate them can be more robust.
Models that include all significant best practices and lessons, both technical and economic,
are more resilient and even less likely to leave policymakers perplexed about accounting for
the so-called “unexpected” occurrences that occur in virtually every significant endeavor.
Therefore, each policymaker must consider these historical lessons while evaluating LNG
projects. In this study, risk drivers from the LNG supply chain are gathered and classified
into four categories: Political and regulatory, safety and security, environmental effects,
and reliability of new technologies. These experiences can support decision-makers in
creating a resilient LNG supply chain. The limitation of the proposed method is that it
can be subjective at times. Moreover, SWOT analysis is a one-dimensional assessment
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procedure in the categorization of attributes. However, some factors may be assigned for
multi-attributes. Future research should focus on quantitative methods that can support
analysis considering all aspects that may affect the resilience of the LNG supply chain.
Furthermore, future can work validate some of the findings with experienced practitioners
in the field.

The SWOT method broadly assesses the status of Qatar’s LNG supply chain. It
identifies strengths, weaknesses, opportunities, and threats within Qatar’s supply chain.
The strengths include abundant natural gas resources, a large LNG fleet base and long-
term contracts, and optimal geographical location. The major weaknesses include the
production of emissions and BOG (which impacts the carbon cost of the LNG cargo), while
the major opportunities are the growing demand for LNG, issuing divertible contracts, and
obtaining strategic partnerships. The major threats are increased competition, unexpected
shipping regulations, charter volatility councils, and the fact there is only one path for
LNG transportation, which is the Strait of Hormuz. Then, a portfolio of strategies is
created by combining internal factors covering strengths and weaknesses with external
factors covering opportunities and threats in a SWOT analysis of Qatar’s LNG supply
chain. Moreover, recommendations to enhance the resilience of the LNG supply chain are
listed below:

e Develop a strategy for LNG development that allows the industry to boost its produc-
tion capacity to satisfy the world’s rising demand.

Implement pricing mechanisms to create adaptive and lucrative business strategies.
Support production of clean LNG and improve carbon capture methods.

Improve strategic alliances to minimize LNG shipping distances, which can in turn
reduce BOG generation throughout the LNG transportation process.

e Continue to minimize emissions throughout the supply chain to decrease the carbon
content of the LNG cargo in line with growing demand from consumers for low carbon
LNG.

e Create a provision in the agreement that allows for flexibility. In the event, that a new
shipping law is implemented, a provision like this may address any unanticipated
shipping restrictions.

e Support clean transportation options when delivering LNG cargoes. This can be
achieved by utilization of cleaner fuels during combustion, for instance, using LNG as
bunker fuel instead of using heavy fuel oil.
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Nomenclature

BOG Boil-Off Gas

CO, Carbon Dioxide

Eq Equivalent

FSRU Floating Storage Regasification Unit
GHG Greenhouse gas

IMO International Maritime Organization
km kilometers

LNG Liquified Natural Gas
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MT Million Ton
MMBtu Million British Thermal Unit

m3 Cubic meter

m meter

MJ Megajoule

NOy Nitrogen Oxide

o Opportunities

SWOT  Strengths, Weaknesses, Opportunities, Threats
S Strengths

SO Strengths—Opportunities
ST Strengths-Threats

SO, Sulfur Dioxide

T Threats

tem trillion cubic feet

TEU 20-foot equivalent unit

W Weaknesses

WO Weaknesses—Opportunities
WT Weaknesses—Threats
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