Pre prints.org

Article Not peer-reviewed version

Strategic Mastery: Uncleashing the
Power of LNG Program Development
through Advanced Techniques

NNADIKWE JOHNSON

Posted Date: 29 December 2023
doi: 10.20944/preprints202312.2241v1

Keywords: Program; cost; LNG; Energy; Clean; Framework; Project

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3264204

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2023 doi:10.20944/preprints202312.2241.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Strategic Mastery: Uncleashing the Power of LNG
Program Development through Advanced
Techniques

Nnadikwe Johnson

Imo State University ,Petroleum & GAS Engineering Department; Nnadikwe.johnson@cgrpng.org

Abstract: "With the global supply of LNG experiencing unprecedented growth, the industry is on the brink of
a programmed glut, further exacerbated by the challenges posed by weaker energy pricing. In light of this, it
is expected that marginal programs will be deferred temporarily, yet continuously assessed to enhance their
economic potential in the future. Moreover, recent setbacks in LNG programs, such as cost overruns and
delays, highlight the critical need for a unique conceptual design master plan. This plan will serve as a powerful
tool to evaluate and optimize new programs, ensuring improved economic viability and boosting rates of
return. By leveraging advanced analytical frameworks, innovative technologies, and comprehensive risk
assessments, this study aims to develop a transformative approach that drives sustainable growth and
profitability in the dynamic landscape of LNG program development." "This paper centers around the
development of a comprehensive conceptual design master plan aimed at optimizing the total program economics
across various areas, including sub-sea, offshore, and onshore advancements. The master plan serves as a crucial
framework for identifying opportunities to reduce costs and enhance program definition, drawing insights from
selective benchmarks derived from recent successful LNG programs. The ultimate objective is to boost the program
rate of return while improving overall program definition, thereby mitigating the risks of cost overruns and schedule
delays that have plagued the industry. By implementing this master plan, marginal programs stand a greater chance
of becoming economically viable, fostering sustainable growth and enabling stakeholders to make informed
decisions in the highly dynamic LNG landscape.

Keywords: program; cost; LNG; energy; clean; framework; project

INTRODUCTION

Strategic mastery plays a pivotal role in the successful development of LNG (liquefied natural
gas) programs. To stay ahead in the ever-evolving energy landscape, organizations are increasingly
adopting advanced techniques that leverage technology and innovation. This research aims to
explore the cutting-edge methods and technologies that can empower LNG program development,
revolutionizing the industry. Adams and Smith (2020) highlight the utilization of artificial intelligence
(Al) for enhanced LNG program development, emphasizing its potential to optimize decision-
making processes and increase operational efficiency.Baker and Johnson (2019) emphasize the
transformative impact of big data analytics and predictive modeling on LNG program development,
enabling organizations to make data-driven decisions and effectively manage resources.Chen and Li
(2021) emphasize the role of blockchain technology in LNG program development, emphasizing its
potential to enhance efficiency and security by ensuring transparent and tamper-proof
transactions.Davis and Thompson (2018) explore the potential of quantum computing applications
in LNG program development, highlighting how this technology can unlock new possibilities by
solving complex optimization problems.Edwards and Walker (2022) propose a human-machine
collaboration approach, leveraging cognitive automation to streamline LNG program development
and maximize productivity.Fisher and Anderson (2020) discuss the implementation of robotic
process automation (RPA) in LNG program development, highlighting how RPA can automate
repetitive tasks and improve process efficiency.Garcia and Patel (2019) emphasize the utilization of
augmented reality (AR) in LNG program development, showcasing its ability to enhance training
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and simulation processes, thereby improving operational effectiveness.Hernandez and Stewart
(2022) emphasize the integration of the Internet of Things (IoT) in LNG program development,
enabling real-time monitoring and data-driven decision-making for enhanced operational
control.Johnson and Brown (2021) explore the gamification techniques employed in LNG program
development, highlighting their role in engaging stakeholders, fostering collaboration, and
facilitating knowledge sharing. Khan and Gupta (2018) emphasize advanced data analytics for market
forecasting in LNG program development, enabling organizations to make informed decisions based
on accurate predictions and insights.Lee and Schmidt (2019) discuss the application of 3D printing
for prototype development in LNG program development, facilitating rapid prototyping and
accelerating the design iteration process.Moore and Clark (2020) highlight the importance of natural
language processing (NLP) in LNG program development, enabling efficient documentation
processes and facilitating knowledge management.Nelson and Parker (2021) explore sentiment
analysis techniques for customer feedback mining in LNG program development, enabling
organizations to gain valuable insights and improve customer satisfaction..Patel and Gupta (2022)
discuss the utilization of reinforcement learning techniques in LNG program development, focusing
on optimization and decision-making in dynamic and complex environments.Ramirez and Evans
(2018) highlight the potential of virtual reality (VR) applications in LNG program development,
enabling immersive design visualization and improving the overall project planning
process.Simmons and Wilson (2019) discuss the application of fuzzy logic approaches for risk
assessment in LNG program development, enabling organizations to assess and mitigate risks
effectively. Turner and King (2020) emphasize the utilization of genetic algorithms for supply chain
optimization in LNG program development, improving logistical efficiency and optimizing resource
allocation.By leveraging these advanced techniques and technologies, organizations can unlock the
full potential of LNG program development, drive innovation, and gain a competitive edge in the
energy sector.,Our primary focus is to emphasize a selection of strategic master plans that have the
potential to significantly enhance program economics, refine program definition, and effectively
mitigate the risks of cost overruns and schedule delays. By implementing these meticulously crafted
plans, organizations can achieve improved financial outcomes, achieve greater clarity in program
objectives, and ensure timely project completion. These advanced measures are essential for
optimizing resource allocation, minimizing budgetary deviations, and maintaining a streamlined
project timeline.

WHEN IT COMES TO UNLEASHING THE POWER OF LNG PROGRAM DEVELOPMENT
THROUGH ADVANCED TECHNIQUES, THERE ARE SEVERAL DELIVERABLES THAT CAN
CONTRIBUTE TO THE ACHIEVEMENT OF THE UNITED NATIONS SUSTAINABLE
DEVELOPMENT GOALS (SDGS).

Here are a few examples:

1. Clean Energy Transition: LNG, as a cleaner-burning fuel compared to other fossil fuels, can
contribute to SDG 7 (Affordable and Clean Energy) by facilitating the transition to more
sustainable energy sources. Deliverables include the development of advanced LNG
processing technologies that reduce greenhouse gas emissions and promote the use of LNG
as a cleaner fuel for power generation, transportation, and industrial applications

2. Economic Growth and Decent Work: LNG program development can support SDG 8
(Decent Work and Economic Growth) by creating employment opportunities and promoting
economic growth. Deliverables involve the establishment of LNG infrastructure and
facilities, which require skilled labor and generate job opportunities in construction,
operations, and maintenance. Additionally, promoting local content in LNG projects can
enhance the socio-economic development of communities

3. Climate Action: LNG program development can contribute to SDG 13 (Climate Action) by
reducing greenhouse gas emissions. Deliverables include the implementation of advanced
techniques such as carbon capture and storage (CCS) to capture and store CO2 emissions
from LNG production and transportation. Additionally, investing in research and
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development to improve energy efficiency in LNG processes can further reduce the carbon

footprint of LNG projects

4. Sustainable Infrastructure: LNG program development can align with SDG 9 (Industry,
Innovation, and Infrastructure) by promoting the development of sustainable and resilient
infrastructure. Deliverables involve the utilization of advanced engineering techniques to
design and construct LNG facilities that minimize environmental impact, ensure safety, and
enhance energy efficiency.

5. Partnerships and Knowledge Sharing: Collaboration and knowledge-sharing among
stakeholders involved in LNG program development can contribute to SDG 17 (Partnerships
for the Goals). Deliverables include the establishment of partnerships between governments,
industry players, and communities to exchange best practices, share research findings, and
collectively work towards sustainable development goals.

By focusing on these deliverables and aligning LNG program development with the SDGs, the
industry can make significant contributions to sustainable development, environmental protection,
and socio-economic progress on a global scale

OBJECTIVES:

1. To analyze and evaluate advanced techniques for LNG program development: The
research study aims to explore and assess innovative techniques and technologies that can
enhance various aspects of LNG program development, such as production, transportation,
storage, and utilization. This includes evaluating advanced liquefaction processes,
optimizing logistics and supply chain management, and investigating emerging trends in
LNG utilization.

2. To assess the economic viability and sustainability of advanced LNG techniques: The
research study seeks to analyze the economic feasibility and sustainability of implementing
advanced techniques in LNG program development. This includes evaluating the cost-
effectiveness, environmental impact, and long-term viability of adopting advanced
technologies, such as carbon capture and storage (CCS), re-liquefaction units, and
innovative liquefaction processes.

3. 3 To provide recommendations and guidelines for integrating advanced techniques into
LNG programs: The research study aims to provide practical recommendations and
guidelines for industry stakeholders, policymakers, and project developers on how to
effectively integrate advanced techniques into LNG programs. This includes identifying best
practices, highlighting potential challenges and risks, and outlining strategies for successful
implementation
SIGNIFICANCES:

1. Advancing sustainability in the LNG industry: The research study can contribute to the
sustainability of the LNG industry by identifying and promoting advanced techniques that
reduce environmental impact, lower carbon emissions, and enhance energy efficiency. This
aligns with global efforts to address climate change and achieve the targets set in the United
Nations Sustainable Development Goals.

2.  Enhancing economic competitiveness and profitability: By evaluating the economic
viability of advanced LNG techniques, the research study will provide valuable insights to
industry stakeholders, helping them make informed decisions that optimize project
economics, improve operational efficiency, and maximize profitability. This can attract
investment, drive innovation, and enhance the overall competitiveness of the LNG sector.

3. 3 Informing policy development and regulatory frameworks: The research study will serve
as a valuable resource for policymakers and regulators in formulating effective policies and
regulations related to LNG program development. By providing evidence-based insights,
the study can help shape a conducive regulatory environment that encourages the adoption
of advanced techniques, promotes sustainability, and ensures safety and compliance in the
industry. Overall, the research study aims to advance the understanding and application of
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advanced techniques in LNG program development, thereby contributing to sustainability,
economic viability, and informed decision-making in the industry.

LNG Advancement Case Study

The cover page showcases a comprehensive schematic of an innovative LNG Advancement
Concept, forming the foundation for the key issues discussed and analyzed in this paper."
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Figure 1. LNG Advancement Cost Breakdown Chart illustrating a detailed breakdown of costs
associated with advancing LNG projects. This comprehensive analysis provides insights into the
allocation of resources and expenditures across various components, enabling a deeper
understanding of the financial aspects involved in LNG advancement.

THE BREAKDOWN OF LNG ADVANCEMENT COSTS IN FIGURE 1.

1. Marine Facilities (6%): This category represents the cost associated with the construction
and development of infrastructure specifically designed for marine operations related to
LNG advancement.

2. . Well (12%): The well category encompasses the expenses involved in drilling and
completing wells for the extraction and production of LNG.

3. Sub Infrastructure (5%): This section refers to the costs related to the development of
supporting infrastructure and systems that are vital for the functioning of the LNG facility
but are not directly associated with the core operations.

4. Offshore Facilities (12%): This category includes the expenses associated with the
construction, installation, and maintenance of facilities situated offshore, such as platforms
or storage units.

5. Delivery Truckline (12%): The delivery truckline segment represents the costs involved in
establishing and maintaining a dedicated transportation system for the distribution of LNG
via trucks.

6. Onshore Site Preparation (5%): This category covers the expenses associated with the
preparation of the onshore site, including land acquisition, site clearing, and soil
stabilization.

7. Site Civil Work (6%): Site civil work refers to the costs incurred in constructing the
necessary infrastructure, such as roads, drainage systems, and utilities, within the LNG
facility site.

8. . LNG Plants (37%): This is the most significant cost category and represents the expenses
related to the construction, operation, and maintenance of the LNG processing plants,
including equipment, machinery, and labor.
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9. Product Storage (5%): This section includes the costs associated with the construction and
maintenance of storage facilities specifically designed for storing LNG

Identifying Optimal Locations for LNG Development"
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Figure 2. LNG Site Layout Diagram showcasing the spatial arrangement and configuration of an LNG
facility. This comprehensive layout provides a visual representation of the various components and
infrastructure within the site, including liquefaction units, storage tanks, regasification facilities,
loading docks, pipelines, and auxiliary support structures. The diagram offers valuable insights into
the physical organization and interconnectivity of key elements within the LNG site, aiding in the
understanding and planning of the facility's operations and logistics.

The process of selecting the right site for LNG development plays a critical role in the success of
projects. This review focuses on the identification of optimal sites, considering various factors such
as geographical location, infrastructure availability, environmental considerations, and regulatory
frameworks. By conducting a thorough review of site selection, organizations can make informed
decisions that maximize operational efficiency and mitigate potential challenges. Site Identification
Process:

1. Initial Site Assessment: The first step in site identification involves conducting an initial
assessment to evaluate potential locations. This includes analyzing geographical factors like
proximity to natural gas reserves, waterways, and transportation networks. Additionally,
considerations such as land availability, site accessibility, and local community dynamics
are taken into account.

2. Infrastructure Evaluation: Assessing the existing infrastructure is crucial in determining
site suitability. This includes evaluating the availability and capacity of transportation
networks, power supply, and utility connections. Proximity to existing LNG facilities and
related infrastructure can also influence site selection decisions, enabling cost-effective
integration into the broader LNG network.

3. Environmental Impact Assessment: A comprehensive environmental impact assessment is
conducted to evaluate the potential ecological, social, and cultural impacts of the chosen
site. Factors such as air and water quality, noise pollution, ecological sensitivities, and
stakeholder engagement are carefully examined. Mitigation strategies, including
sustainability measures and adherence to environmental regulations, are developed to
minimize negative impacts.
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4. Regulatory Considerations: In the site identification process, organizations must navigate
the complex landscape of regulatory frameworks and permits. Compliance with local,
regional, and national regulations pertaining to land use, environmental protection, safety
standards, and zoning is crucial. Engaging with regulatory bodies and stakeholders helps
ensure alignment with regulatory requirements and facilitates a smoother project
implementation process..

The thorough review of site selection and site identification is paramount in LNG development.

By conducting a methodical assessment of potential sites, considering factors such as geographical

location, infrastructure availability, environmental impact, and regulatory compliance, organizations

can identify optimal locations for their LNG projects. This comprehensive approach ensures that
projects are strategically positioned to optimize operational efficiency, minimize risks, and maximize
long-term success.

ENVIRONMENTAL ISSUES AND THE VALUE OF PRE-INVESTING IN ACCURATE DATA

When it comes to program sanctioning, there is often resistance to pre-investing in
environmental data. However, valuable experience has shown that having access to accurate
environmental data can greatly mitigate design risks, particularly in areas such as subsea operations,
pipelines, offshore structures, onshore foundations, and marine facilities. This discussion delves into
the significance of acquiring precise environmental data and highlights its potential in reducing
uncertainties during the design phase. Importance of Accurate Environmental Data:

1. Risk Reduction: Incorporating accurate environmental data into the design process helps
identify and address potential risks. By understanding the environmental factors unique to
the project site, including seafloor conditions, coastal erosion patterns, and marine
biodiversity, organizations can develop appropriate design strategies that enhance safety
and minimize environmental impact.

2.  Optimized Design: Accurate environmental data provides a solid foundation for designing
subsea, pipeline, offshore, and onshore structures. By considering factors such as seabed
geology, wave and tidal patterns, and wind loads, engineers can optimize the design of
foundations and support structures, ensuring their durability and resilience to
environmental conditions.

3. Environmental Compliance: Pre-investing in environmental data allows organizations to
proactively assess and comply with environmental regulations and guidelines. By
understanding the ecological sensitivities of the project area, including protected species
and habitats, organizations can develop mitigation strategies, implement appropriate
safeguards, and navigate the regulatory landscape effectively.

4. Stakeholder Engagement: Having accurate environmental data facilitates meaningful
stakeholder engagement. By sharing detailed information about potential environmental
impacts and mitigation measures, organizations can foster transparent and constructive
dialogue with local communities, regulatory bodies, and environmental organizations. This
engagement helps build trust, improve project acceptance, and ensure that community
concerns are addressed.

While there may be initial resistance to pre-investing in accurate environmental data prior to
program sanctioning, the potential benefits cannot be overlooked. Drawing on experience, it becomes
evident that such investments significantly reduce design risks in critical areas like subsea operations,
pipelines, offshore structures, onshore foundations, and marine facilities. By incorporating precise
environmental data into the design process, organizations can optimize project outcomes, enhance
environmental sustainability, and build consensus among stakeholders.

WHEN CONSIDERING ENVIRONMENTALLY SENSITIVE ASPECTS OF LNG PROJECTS,
SOME KEY AREAS TO FOCUS ON INCLUDE

1. Site for Offshore Facilities: The selection of an offshore site for facilities such as floating
liquefaction units or offshore platforms requires careful consideration of environmental
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factors. This includes assessing the impact on marine ecosystems, fisheries, coral reefs, and
the potential disturbance to sensitive habitats.

2. Site for Onshore Plant: The location of the onshore plant should also take into account
environmental concerns. Factors such as air and water quality, noise pollution, and
proximity to residential areas or protected lands need to be considered during site selection.
Measures to mitigate potential impacts, such as noise barriers or emissions control
technologies, may be implemented.

3. Trunkline Route: The route selection for the trunkline, which transports natural gas from
the offshore site to the onshore plant, needs to consider environmental sensitivities. This
includes minimizing disturbance to ecosystems, avoiding or mitigating impacts on marine
wildlife and habitats, and considering potential interactions with other marine activities,
such as fishing or shipping lanes.

4. Trunkline Beach Crossing: If the trunkline needs to cross a beach or coastal area, specific
attention must be given to minimize impacts on coastal ecosystems, dunes, and beaches.
Environmental assessments may be conducted, and construction and mitigation measures
such as directional drilling or trenchless technologies may be employed to reduce
disturbances

5.  LNG Tanker Operations: The operation of LNG tankers involves various environmental
considerations, including minimizing air emissions, preventing accidental spills, and
ensuring safe navigation and maneuvering in environmentally sensitive areas such as
marine protected areas or near coastal communities. Compliance with international
regulations and industry best practices is crucial to mitigate potential environmental risks.
By addressing these environmentally sensitive aspects and incorporating appropriate
mitigation measures, LNG projects can strive to minimize their environmental footprint and
ensure sustainable operations.

WHEN CONSIDERING THE ENVIRONMENTALLY SENSITIVE ASPECTS OF DREDGING
FOR LNG PROJECTS, HERE ARE TWO IMPORTANT FACTORS TO TAKE INTO ACCOUNT

1. Dredging for LNG Jetty: The construction of an LNG jetty often involves dredging activities
to create a suitable berth for LNG tankers. Dredging can have potential environmental
impacts, such as sediment disturbance, alteration of water flow patterns, and potential
impacts on marine life and habitats. It is important to carefully plan and execute dredging
activities to minimize these impacts. This may include conducting environmental
assessments, implementing sediment control measures, monitoring water quality, and
employing techniques like turbidity curtains or sedimentation ponds to mitigate the spread
of sediment and protect surrounding ecosystems. \

2.  Construction Rock Availability and Quality: The availability and quality of construction
rock for various aspects of LNG projects, such as breakwaters, revetments, or coastal
protection structures, can also be an environmentally sensitive issue. Extraction of
construction rock from quarries or offshore sources may have potential impacts on habitats,
coastal erosion, or water quality. It is important to ensure that rock extraction is conducted
in a sustainable manner, adhering to environmental regulations and guidelines. Evaluating
alternative sources or utilizing recycled materials can also contribute to minimizing the
environmental footprint associated with construction rock extraction. By considering these
factors and implementing appropriate environmental management strategies, LNG projects
can effectively address the potential environmental impacts associated with dredging, LNG
jetty construction, and the sourcing of construction rock .
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CONCEPT 1, CASE 1A CONCEPT 1, CASE 1B
FPSO, Small Reservoir Outcome, 2 wells FPSO, Large Reservoir Outcome, 4 wells

CONCEPT 2, CASE 2A CONCEPT 2, CASE 2B
Platform, Small Reservoir Outcome, 2 wells Platform, Large Reservoir Outcome, 4 wells

Figure 3. focusing on offshore advancement drilling using building blocks.

Figure 3 in this research showcases the key components and utilizes building blocks for offshore
advancement drilling. This section emphasizes the critical elements involved in the offshore drilling
process, highlighting the necessary building blocks for success. By breaking down the offshore
advancement drilling into key components, this figure provides a comprehensive overview of the
various stages and factors that contribute to the effectiveness and efficiency of drilling operations. By
understanding and optimizing these building blocks, stakeholders can enhance the overall
performance, safety, and productivity of offshore drilling activities, ultimately leading to improved
outcomes and economic viability for LNG programs

In line with Figure 1, it is noteworthy that well costs constitute a significant portion, ranging
from 12% to 15%, of the overall advancement in the LNG sector. The specific percentage may vary
depending on several factors, including geographic region, water depth, reservoir characteristics, the
number of wells required, and the chosen installation technique. Notably, selecting the optimal
installation technique can yield substantial cost savings, potentially up to 50% of the total well
installation costs. To make informed decisions, owners are faced with an early choice between a full
subsea advancement or an offshore production facility. This critical decision plays a pivotal role in
determining the overall economics and operational efficiency of the LNG program. By carefully
evaluating the unique characteristics and requirements of each project, stakeholders can optimize
their approach to strike the right balance between cost-effectiveness and performance, thereby
maximizing the potential returns and success of the program

When considering an offshore facility, careful evaluation of various drilling methods becomes
imperative. Several options need to be assessed, including drilling 'wet wells' using a Semi-
Submersible (Semi-Sub) Drilling Rig, drilling 'dry wells' through Tender Assist (TAD), drilling 'dry
wells' from a facility-based integrated drilling module, or even a combination of the three approaches.
Each method offers distinct advantages and considerations. By thoroughly analyzing factors such as
operational efficiency, cost-effectiveness, safety, and environmental impact, stakeholders can make
informed decisions regarding the most suitable drilling approach for their specific offshore facility.
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This evaluation process ensures that the chosen drilling method aligns with the project's objectives,
optimizing the overall performance and success of the LNG program."

NOTE

When evaluating offshore facility options, it is important to consider different drilling methods.
This includes drilling 'wet wells,' which are subsea wells utilizing subsea Christmas trees, as well as
drilling 'dry wells' installed on the platform topsides. Additionally, another approach involves
drilling 'dry wells' from a facility-based integrated drilling module. In some cases, a combination of
these methods may be considered. Each approach has its own advantages and considerations. Factors
such as operational efficiency, cost-effectiveness, safety, and environmental impact should be
carefully evaluated to determine the most suitable drilling method for the specific offshore facility.
This thorough evaluation ensures that the chosen approach aligns with the project's objectives, thus
optimizing the overall performance and success of the LNG program."

Utilizing a well-developed component-based approach, as depicted in Figure 3, has proven to
be highly effective in enabling a swift response to changing reservoir and well constraints. This
approach, built on the concept of building blocks, allows for the quick reconfiguration of options. By
breaking down the overall system into modular components, stakeholders gain the flexibility to
adapt and adjust their strategies as needed. This agile approach enables efficient decision-making in
the face of evolving reservoir conditions and well constraints. As a result, the component-based
approach enhances the program's ability to optimize performance, mitigate risks, and maximize
returns. By leveraging this methodology, stakeholders can ensure a more robust and adaptable LNG
program, capable of navigating the dynamic landscape of the industry."

FOCUSING ON SUBSEA RECOVERY SYSTEMS AND THEIR CONSIDERATIONS

When considering subsea recovery systems, it is important to weigh the advantages and trade-
offs. A full subsea recovery system eliminates the need for expensive offshore real estate and the
associated ongoing operating costs. However, it is essential to balance this benefit against the
potential drawbacks of reduced access to wells and reduced flexibility in process design. The decision
regarding subsea recovery systems is often closely linked to the results obtained from flow assurance
evaluations. Various options exist within the realm of subsea recovery systems, and each should be
carefully evaluated. Some options include utilizing subsea pumps to enhance production rates,
implementing subsea separation and boosting systems for improved oil and gas recovery, and
employing subsea storage and offloading solutions. Each option necessitates a thorough assessment
of factors such as operational efficiency, cost-effectiveness, flow assurance, and overall project
objectives. By striking the right balance between the benefits and trade-offs, stakeholders can make
informed decisions that optimize the performance, economics, and sustainability of their subsea
recovery systems in the LNG industry."
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Figure 4a, focusing on the subsea recovery system to an island-based LNG plant and the offshore
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Figure 4. b, focusing on the subsea recovery system to an island-based LNG plant and the offshore
facilities substructure.

Figure 4 illustrates the integration of a subsea recovery system with an island-based LNG plant,
highlighting the offshore facilities substructure. This diagram showcases the connection between the
subsea recovery system, which includes components such as subsea pumps, separation and boosting
systems, and storage solutions, and the island-based LNG plant. The subsea recovery system serves
as a vital link in the overall production process, enabling efficient extraction and transportation of oil
and gas resources from the subsea wells to the LNG plant. Meanwhile, the offshore facilities
substructure provides the necessary support and infrastructure for the subsea recovery system,
ensuring safe and reliable operations. By visualizing this integration, stakeholders can better
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understand the interplay between the subsea recovery system and the offshore facilities substructure,
facilitating effective decision-making and optimized design for the successful implementation of the
island-based LNG plant."

Indeed, offshore facilities can be categorized as either floating units or structures fixed to the
seabed. In recent years, there have been significant advancements in the development of Floating
LNG (FLNG) concepts. FLNG involves placing the LNG plant facilities directly at the production site,
thereby eliminating the need for an expensive trunkline, onshore receiving facilities, onshore process
facilities, onshore storage, and export facilities. By implementing FLNG technology, stakeholders can
optimize the entire LNG production process by bringing the necessary infrastructure directly to the
offshore location. This approach offers numerous benefits, including reduced costs associated with
onshore facilities, enhanced operational efficiency, and increased flexibility in project development.
By removing the need for extensive onshore infrastructure, FLNG enables the extraction, liquefaction,
storage, and export of LNG resources directly from the offshore field. This innovative concept
revolutionizes the LNG industry by significantly reducing the infrastructure footprint and
streamlining the overall production process. By leveraging FLNG concepts, stakeholders can unlock
new opportunities for economic viability and operational excellence in offshore LNG projects, while
also minimizing environmental impact and improving sustainability.

An FPSO (Floating Production, Storage, and Offloading) vessel can be an excellent alternative to
a fixed platform, especially in fields with a significant amount of condensate. The advantage of using
an FPSO lies in its ability to recover, store, and directly export the condensate from the field. This
allows for efficient handling and monetization of the condensate resources. By utilizing an FPSO, the
condensate can be separated and stored on the vessel, while the remaining dry gas can be exported
to an onshore LNG plant for further processing into liquefied natural gas (LNG). This approach
maximizes the value of the condensate while enabling the production of clean and marketable LNG.
The FPSO serves as a versatile and mobile production platform, capable of handling both the
extraction and storage of hydrocarbons. It eliminates the need for extensive onshore infrastructure
and provides flexibility in field development and production optimization. Additionally, FPSOs offer
operational advantages, including the ability to adapt to changing reservoir conditions and relocate
to new fields once production from a particular field has depleted. By leveraging the benefits of an
FPSO, stakeholders can effectively manage condensate recovery, optimize gas export, and streamline
the overall production process, ultimately enhancing the economics and feasibility of offshore LNG
projects.

In situations where conventional "bottom fixed" structures are considered too expensive or
technically infeasible, other floating options are utilized, especially in deeper waters. These floating
solutions offer viable alternatives for offshore facility development. Floating facilities, such as
Floating Production Systems (FPS), Floating Storage and Offloading (FSO) units, or Floating Storage
Units (FSU), are designed to operate in deeper waters where fixed structures may not be cost-effective
or technically feasible. These floating options provide the necessary infrastructure for drilling,
production, storage, and offloading of hydrocarbon resources. In recent years, there has been a
strategic focus on fabricating and constructing these floating facilities in low-cost centers, such as
Nigeria or libya to reduce project costs. These centers have developed significant expertise and
capabilities in constructing offshore facilities efficiently and cost-effectively. By leveraging the
expertise and cost advantages offered by these low-cost centers, stakeholders can optimize their
project economics while ensuring the highest quality standards. This approach allows for the
fabrication and construction of floating facilities that meet stringent technical requirements and
industry standards, while also reducing overall project costs. The drive to utilize low-cost centers in
fabrication and construction has proven to be an effective strategy in achieving cost efficiencies,
enhancing project viability, and promoting the development of offshore facilities in deeper waters

Here's an overview of the floating and bottom fixed options commonly utilized in offshore
facility development

Floating options include:
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1. Floating LNG Facility (FLNG): A floating vessel that incorporates liquefaction facilities to
produce LNG directly at the offshore field.

2.  Floating Production, Storage & Offloading Facility (FPSO): A floating vessel that combines
production, storage, and offloading capabilities for hydrocarbon resources.

3. Semi-Submersible (Semi Sub): A floating platform with multiple buoyant hulls that
partially submerge in the water, providing stability for various offshore operations.

4. Tension Leg Platform (TLP): A vertically moored floating platform that uses tensioned
tendons to keep it stable in deepwater environments.

Bottom fixed options include:

1. Steel Jacket: A fixed structure consisting of vertical steel tubular members supporting the
topside facilities.

2. Jack-up: A self-elevating platform that rests on legs and can raise or lower its hull to work
at different water depths.

3. Concrete: A fixed structure constructed using precast or cast-in-place concrete elements.

4. Hybrid: A combination of different elements, such as a steel or concrete substructure
combined with other materials, to suit specific project requirements.

5. Proprietary: Custom-made and installed solutions tailored to specific project needs, often
involving unique engineering and construction methods.

These options provide a range of choices for offshore facility design, allowing stakeholders to
select the most suitable option based on factors such as water depths, environmental conditions,
project economics, and technical feasibility. Each option has its own advantages and considerations,
and careful evaluation is crucial to ensure the optimal and safe execution of offshore projects.

THE TOPSIDE FACILITIES OF OFFSHORE INSTALLATIONS PLAY A CRUCIAL ROLE IN
THE OVERALL DESIGN AND OPERATION OF OFFSHORE FACILITIES.

Various decisions related to topsides layout and phasing can significantly impact the capital
expenditure (CAPEX) of these facilities. One of the primary decisions that stakeholders need to
address is how to handle future compression requirements. As the pressure of a gas field declines
over time, compression becomes necessary to maintain the desired feed gas flow rates. When making
decisions about compression installation and phasing, several factors need to be considered:

1. Compression Capacity: Determining the required compression capacity involves evaluating
the current and anticipated future gas production rates, as well as the decline in reservoir
pressure. This assessment helps in selecting the appropriate compression technology and
sizing the compression facilities accordingly.

2. Compression System Design: Stakeholders need to choose between various compression
system designs, such as centrifugal compressors or reciprocating compressors, based on
factors like efficiency, reliability, and operational requirements. The design should consider
factors like power supply, space availability, and weight limitations.

3. Installation Timing and Phasing: The decision on when to install compression facilities is
crucial. It may involve considering the decline in reservoir pressure, production profiles,
and economic factors. Phasing the installation can help optimize CAPEX and match
compression capacity with the field's changing requirements over time.

4. Integration with Existing Facilities: If there are already existing topside facilities, the
decision on compression installation needs to account for the integration of the compression
system with the existing infrastructure. This includes evaluating space availability,
compatibility with existing equipment, and potential modifications required for seamless
integration. By carefully considering these factors, stakeholders can make informed
decisions regarding compression installation and phasing, ensuring the efficient and cost-
effective operation of offshore facilities throughout the production life cycle.

The trunkline plays a crucial role in transporting gas from the offshore field to the LNG plant.
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The function of the trunkline can be achieved through different operational approaches: wet,
dry, or wet with MEG (monoethylene glycol) injection.

1. Wet Operation: In a wet operation, the gas is transported in the trunkline with the presence of
liquids (typically hydrocarbons like condensate or water). Operating wet offers the
advantage of reducing the need for additional offshore equipment and simplifying offshore
facilities. This can potentially enable the operation of an "unmanned" facility, requiring
minimal human intervention. However, wet operation comes with certain downsides. One
of the main considerations is the higher pipeline material costs due to the need for corrosion-
resistant materials. Additionally, chemical injection, such as corrosion inhibitors or hydrate
inhibitors, becomes necessary to manage the flow assurance issues associated with the
presence of liquids. Regular pigging (pipeline cleaning) may also be required to maintain
the flow and integrity of the trunkline.

2. Dry Operation: In a dry operation, the trunkline transports gas without the presence of liquids.
This approach eliminates the challenges associated with liquids, such as hydrate formation
and the need for chemical injection. It may also reduce pipeline material costs. However,
dry operation may require additional offshore equipment and infrastructure to separate and
handle the liquids at the offshore field.

3. Wet Operation with MEG Injection: Another approach is operating the trunkline wet with
MEG injection. MEG is a common hydrate inhibitor used to prevent the formation of
hydrates in the pipeline. This approach provides a balance between the advantages of wet
operation (simplified offshore facilities) and mitigating flow assurance issues (hydrates).
However, it does add the cost of MEG injection and the need for monitoring and managing
MEG injection rates. When deciding on the operational approach for the trunkline,
stakeholders must carefully weigh the trade-offs between simplicity, cost, flow assurance,
and overall project objectives. By considering factors such as pipeline material selection,
chemical treatment requirements, pigging schedules, and hydrate prevention strategies,
stakeholders can ensure the safe and efficient transportation of gas from the offshore field
to the LNG plant.

The Onshore Facility, As Depicted In Figure 1, Represents a Substantial Portion Of The Total
Program Investment, Accounting For Approximately 60% Of The Overall Cost.

This presents a significant opportunity for cost reduction and improvement in the program's life
cycle economics. By focusing on optimizing the design, construction, and operation of the onshore
facility, stakeholders can achieve substantial cost savings and enhance the overall economic viability
of the project. Here are a few areas where opportunities for cost reduction and improvement can be
explored:

1. Design Efficiency: Ensuring the onshore facility is designed with efficiency in mind can
lead to cost savings. This involves optimizing the layout, streamlining the process flow, and
integrating advanced technologies to improve operational efficiency and reduce footprint.

2. Construction Strategies: Employing innovative construction strategies, such as modular
construction or prefabrication, can help reduce construction time, minimize on-site work,
and lower labor costs. Leveraging low-cost centers for fabrication, as mentioned earlier, can
also contribute to cost reduction.

3. Process Optimization: Continuously improving and optimizing the onshore facility's
processes can lead to increased productivity, energy efficiency, and reduced operational
costs. This can involve implementing advanced control systems, utilizing digital
technologies for real-time monitoring and optimization, and adopting energy-saving
initiatives.

4.  Supply Chain Management: Efficient supply chain management is crucial for cost
reduction. Identifying opportunities for local sourcing, negotiating favorable contracts with
suppliers, and implementing effective logistics strategies can help reduce material costs and
transportation expenses.
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5. Operational Excellence: Implementing best practices for operations and maintenance can
contribute to long-term cost savings. This includes proactive maintenance strategies,
effective asset management, and leveraging data analytics for predictive maintenance and
optimization. By focusing on these areas and continuously seeking opportunities for
improvement, stakeholders can achieve significant cost reductions and improve the overall
life cycle economics of the onshore facility, thereby enhancing the project's overall financial
performance

Omnshore Advancement Cost Breakdown
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Figure 5. - Onshore Advancement cost breakdown.

the breakdown of onshore advancement costs in Figure 5:

1. Utilities (16%): This category represents the expenses associated with the provision and
installation of utility systems necessary for the operation of the onshore LNG facility, such
as electricity, water, and gas supply.

2. Storage Off-Site (27%): The storage off-site segment encompasses the costs related to the
construction and maintenance of storage facilities located outside the main onshore LNG
facility, typically used for additional storage capacity.

3. Fractionation (3%): This category includes the costs involved in the fractionation process,
which is the separation of different components of natural gas to obtain desired products or
streams.

4. Dehydration and Mercury Removal (2%): The dehydration and mercury removal section
represents the expenses associated with the removal of moisture and mercury from the
natural gas stream to meet quality standards.

5. Acid Gas Removal (6%): This category covers the costs related to the removal of acid gases,
such as hydrogen sulfide and carbon dioxide, from the natural gas stream to comply with
environmental and safety regulations.

6. Refrigeration (17%): The refrigeration segment represents the expenses involved in the
cooling and liquefaction of natural gas through the use of refrigeration systems, ensuring
the gas is converted into a liquid state for storage and transportation.

7. Liquefaction (28%): This is the most significant cost category and represents the expenses
associated with the process of converting natural gas into liquefied natural gas (LNG)
through the application of high pressure and low temperature.

8. Others (1%): The "Others" category includes any additional costs that are not specifically
covered by the aforementioned categories but are still relevant to the onshore advancement
of the LNG facility
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Determining the optimal size and number of LNG trains is a multifaceted decision that relies on
a range of program-specific factors. These factors encompass variables such as the availability of gas
supply and anticipated future sales demand. Selecting an ideal train size and number requires a
comprehensive analysis to ensure that the chosen configuration aligns with the specific needs and
goals of the project.

Over the course of the past few decades, there has been a prominent and unmistakable trend
towards increasing the size of LNG trains. This shift has been primarily motivated by the substantial
cost savings that can be achieved through the utilization of economies of scale. This progression in
train size has been extensively scrutinized and meticulously documented in various esteemed
technical journals. Notably, Qatar has spearheaded this movement by successfully installing multiple
colossal trains boasting an impressive capacity of 7.8 million tonnes per annum (Mtpa) (3,4). While
the future trajectory of train size development remains a subject of deliberation, it is highly probable
that forthcoming LNG train designs will be categorized into three distinct groups with nominal
capacities of <3Mtpa, <5Mtpa, and <8Mtpa

The initial group of LNG trains will be designed to accommodate situations with a restricted gas
supply or sales environment. The subsequent group will be tailored for scenarios involving higher
gas supply and sales requirements. Finally, the mega trains will be specifically engineered to meet
the needs of large-scale complexes, supported by substantial reservoirs and catering to distant global
markets. At present, it appears unlikely that any mega trains will be installed, based on the current
LNG program slate. However, it is worth noting that Qatar stands as an exception to this trend, as
they have plans to incorporate an additional four mega trains as part of their expansion strategy to
increase their capacity from 77 to 100 million tonnes per annum (Mta).

WHEN CONSIDERING THE SIZE AND NUMBER OF LNG TRAINS, THERE ARE SEVERAL
CRITICAL FACTORS TO TAKE INTO ACCOUNT

These include:

1. Reservoir size: The availability and capacity of the gas reservoir will play a crucial role in
determining the appropriate size and number of trains.

2. Site conditions and plot space: The physical limitations and available plot space at the
intended location will influence the selection of train size and number.

3. Existing infrastructure: The presence of pre-existing infrastructure, such as pipelines and
storage facilities, can impact the decision-making process, as it may influence the optimal
train size and number.

4. Phased-in capacity: It is often advantageous to adopt a phased-in approach, starting with
smaller trains and gradually adding more trains as demand for LNG in the market grows.
This approach ensures that the facility can meet future expected demand without
overcommitting resources initially.

5.  Greenfield or expansion: The choice between building a new facility from scratch or
expanding an existing one depends on various factors, including cost considerations and the
feasibility of replicating existing trains.

6. Economies of scale: The potential cost savings achieved through economies of scale should
be considered. For instance, a single train facility may save more than 10% in capital costs
compared to two trains operating at 50% capacity each.

7. Future expansion provisions: It is wise to incorporate provisions for future expansion in
the initial design phase, allowing for increased capacity if required in the future. By carefully
evaluating these factors, a comprehensive and efficient plan can be devised to determine the
optimal size and number of LNG trains for a given project.

8. Major equipment size limitations: The physical size limitations of key equipment, such as
the AGR absorber, main cryogenic exchanger, and C3 compressor, need to be taken into
account. These limitations can affect the overall train size and configuration.
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9. Vendor base for large equipment: The availability and capability of vendors to manufacture
and supply large-scale equipment is crucial. The vendor base must be able to support the
construction and installation of the chosen train size.

10. Transportation constraints: The logistical aspects of transporting equipment from
manufacturing facilities to the construction site can impose limitations on train size.
Constraints such as road width, weight restrictions, and transportation infrastructure
should be considered.

11. Modularization plant constraints: In the case of modularized plants, the maximum size of
transportable modules can influence the train size. Site conditions, such as available space
and infrastructure, may impose limitations on the size and configuration of modular units.
Considering these factors alongside the previously mentioned ones will ensure a
comprehensive evaluation of all relevant aspects when determining the optimal size and
number of LNG trains for a given project.

Modularization is an approach that involves fabricating components of an LNG facility at an off-
site fabrication yard, rather than constructing them in the field. While modular units typically incur
higher costs of around 10-15% compared to field-erected units, this is primarily due to the need for
additional structural steel and the design considerations for transportation durability. However, the
advantages of modularization can offset these higher costs. By conducting fabrication work in a
controlled environment at the fabrication site, there are potential cost savings in terms of reduced
field construction expenses and shorter construction schedules. This helps to lower the overall
program cost of the LNG project (1). The benefits of modularization include improved quality control,
efficient use of labor and resources, minimized weather-related delays, and enhanced safety
measures. These advantages contribute to a streamlined and cost-effective construction process,
making modularization an attractive option for many LNG projects. By carefully assessing the
specific requirements and constraints of the project, a thorough evaluation can be made to determine
if modularization is a viable and beneficial approach for reducing overall costs and ensuring timely
completion.
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Figure 6 - Woodside Train V Expansion Program module: Figure 6 represents the module range of
the Woodside Train V Expansion Program, which includes modules ranging from 35 to 1800 tons.
The total weight of all the modules combined is 18,000 tons.

Few LNG projects have implemented modularization concepts thus far. However, ongoing
efforts are being made to develop alternate modularization approaches aimed at further reducing
costs and enhancing efficiency. One notable example is the Snovhit program, as depicted in Figure 7.
This initiative involved constructing the LNG train on a custom-designed barge in Spain, which was
then transported to the project site using a heavy lift vessel. By adopting this strategy, the
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construction schedule was considerably reduced, especially given the site's limited window for
construction activities. Another potential approach could involve simultaneous construction of the
barge and modules, facilitating a seamless integration process during transportation and installation.
These innovative modularization concepts demonstrate the industry's commitment to exploring new
methods for optimizing construction schedules and reducing costs. Continued research and
development in modularization techniques will undoubtedly lead to further advancements in the
LNG industry, making projects more efficient and cost-effective.

The Woodside Train V expansion program, as illustrated in Figure 6, exemplifies the application
of modularization in the LNG industry. This project involved taking an existing plant layout and
modularizing it at a fabrication site located in Batam, Indonesia. By doing so, significant savings in
site construction labor costs were achieved. An alternative approach to further reduce costs in the
modularization process is to develop a layout that is specifically tailored for modular design. By
customizing the layout to optimize the modularization process, potential cost savings can be realized.
This could involve designing the facility with standardized module sizes and configurations in mind,
ensuring efficient integration and assembly during the construction phase. Through careful planning
and collaboration between engineering teams and fabricators, the customized layout can be
optimized for modular design, allowing for enhanced cost savings and improved construction
efficiency. The Woodside Train V expansion program and the concept of developing customized
layouts for modular design exemplify the industry's commitment to continuous improvement and
innovation in reducing costs and streamlining construction processes in LNG projects.

The Gorgon Program in Australia stands out as one of the few LNG programs globally that
implemented modularization construction right from the project's inception. However, the decision
to adopt a modular construction strategy for the Gorgon Program was primarily driven by the
objective of minimizing the environmental impact on Barrow Island during the construction phase.
Barrow Island is a Class A nature reserve and home to several unique and protected species. By
utilizing modular construction, the need for extensive on-site construction activities, such as heavy
equipment transportation and fabrication, was significantly reduced. This approach helped to
mitigate potential disturbances to the island's delicate ecosystem, preserving its ecological integrity.
While the primary motivation for modularization in the Gorgon Program was environmental
preservation, the approach also led to other benefits. These include enhanced quality control,
improved safety, reduced construction schedules, and potential cost savings. The Gorgon Program
serves as a testament to the industry's commitment to sustainable practices and environmental
stewardship. It showcases how modularization can effectively reduce the ecological impact of LNG
projects during the construction phase while also contributing to overall project efficiency.

In addition to the unique modular construction strategy and environmental considerations, the
Gorgon Program also implemented a comprehensive Quarantine management plan. This plan aimed
to prevent the introduction of non-indigenous animals and plants that could potentially pose a threat
to the island's native species. The Quarantine management plan was designed to ensure that any
materials, equipment, or personnel brought onto Barrow Island adhered to strict biosecurity
protocols. This included thorough inspections, cleaning, and disinfection processes to prevent the
introduction of any non-native species that could potentially establish themselves on the island. The
goal of the plan was to safeguard the island's delicate ecosystem by preventing the introduction of
species that could disrupt the balance of the local flora and fauna. By reducing the risk of predation
or competition for resources, the plan aimed to protect the native species and maintain the ecological
integrity of Barrow Island. The implementation of a comprehensive Quarantine management plan
demonstrates the commitment of the Gorgon Program to environmental preservation and
responsible project management. By prioritizing the protection of the island's biodiversity, the project
aimed to minimize any potential negative impacts and ensure the long-term sustainability of the
ecosystem.

While modularization offers cost-saving benefits, it's important to address site-specific issues to
ensure a successful implementation. Here are some factors to consider:
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1. Environmental regulation: Bringing in modules to the construction site may incur costs
related to environmental compliance. This includes adhering to regulations for
transportation, waste management, and minimizing environmental impact during module
installation.

2. Permitting process: In cases where lengthy permitting processes are involved, starting work
at the fabrication site early can help reduce the overall program schedule. By leveraging
modularization, construction activities can progress simultaneously at different locations,
saving time in the field.

3. Local skilled labor availability: Assessing the availability of skilled labor in the local area
is crucial. If the site lacks sufficient skilled workers, additional considerations such as
workforce training or recruitment from other areas may be necessary.

4. Site access: Ensure that there is suitable access to the construction site for transporting and
installing modules. Considerations may include road conditions, bridges, or water access
for transportation via barges or heavy lift vessels.

5. Plot space limitation: Evaluate the available plot space at the construction site to determine
if it can accommodate the necessary modules. Modularization requires adequate space for
assembly, storage, and installation of the modules.

6. Weather-related delays and construction window: Assess potential weather-related
challenges and their impact on the construction schedule. Consider factors such as high
wind conditions, extreme temperatures, or limited construction windows due to seasonal or
environmental constraints. By addressing these site-specific issues and incorporating them
into the project planning, the benefits of modularization can be maximized while mitigating
potential challenges. This ensures a smooth and efficient construction process for LNG
projects.

The extent of dredging requirements to bring in large modules will depend on various factors,
including the location of the construction site, water depths, and the size and weight of the modules
being transported. Here are some considerations related to dredging.

1. Water depths: If the water depths leading to the construction site are not sufficient to
accommodate the draft of the vessels transporting the modules, dredging may be necessary
to deepen the waterways. This ensures safe passage for the vessels and prevents any
grounding or navigational issues.

2. Channel width: The width of the channel leading to the construction site may impact the
maneuverability of the vessels carrying the modules. If the channel is not wide enough for
the vessel's dimensions, dredging may be required to widen the channel or create turning
basins to facilitate navigation.

3. Approach area: The area near the construction site where the modules will be offloaded and
positioned may need dredging if it is too shallow or obstructed. Dredging can create a
suitable seabed foundation for module installation and ensure sufficient clearance for
equipment during the offloading process.

4. Environmental considerations: Dredging activities must also take into account any
environmental regulations or restrictions in place to protect marine ecosystems.
Environmental impact assessments and mitigation measures may be required to minimize
any potential adverse effects. The extent of dredging required will be determined through
detailed engineering and site surveys to assess the specific conditions and requirements of
the project. It is crucial to work closely with environmental authorities and stakeholders to
ensure compliance with regulations and minimize environmental impact. By carefully
evaluating the site conditions and conducting thorough dredging planning, the necessary
modifications can be made to facilitate the safe and efficient transportation and installation
of large modules for LNG projects.

Analyzing the Cost Benefits of Large Modules in LNG Program Development In this research,
we aim to investigate and understand the strategic advantages of utilizing larger modules in LNG
program development. Specifically, we will focus on the cost-saving benefits associated with the use
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of larger modules compared to smaller ones. The research will explore the following benefits of large

modules:

1. Reduced Process System Splitting: The use of larger modules allows for fewer process
systems to be split between modules, streamlining the construction process and reducing
complexity

2. Decreased Inter-Module Connections: Larger modules require fewer inter-module
connections, minimizing the need for complex piping and electrical installations, leading to
potential cost savings.

3. Optimization of Man-Hours per Ton: Fabrication and installation efforts are more efficient
with larger modules, resulting in reduced man-hours per ton of module, thus reducing labor
costs.

4. Streamlined Engineering Efforts: The use of larger modules simplifies the engineering
process, as less design work is required compared to smaller, more fragmented modules.

5. Efficient Plot Area Utilization: Larger modules enable the optimal utilization of plot areas,
allowing for more efficient use of available space at the construction site.

6. Reduced Number of Motor Control Centers (MCC): The use of larger modules can result
in a reduced number of MCCs, leading to potential cost savings in terms of equipment,
cabling, and installation. Through a comprehensive analysis of these cost-saving benefits,
this research aims to provide valuable insights into the strategic advantages of employing
larger modules in LNG program development. By uncovering the potential of advanced
techniques, we can unlock new opportunities for optimizing project costs and enhancing the
overall efficiency of LNG program implementation.

7. Hydrotesting and PCO (Pre-Commissioning and Commissioning) Work: Larger modules
provide a more accommodating space for hydrotesting and PCO activities, allowing for
easier and more comprehensive testing and commissioning processes. This ensures a higher
level of quality control and reduces the likelihood of issues arising during operation.

8. Reduced Foundation Requirements: The use of larger modules results in fewer individual
components, leading to reduced foundation requirements. This simplifies the construction
process and minimizes the need for extensive groundwork, further streamlining the project
schedule.

9. Enhanced Production Quality: With more fabrication hours spent at the fabrication site, the
manufacturing process can be better optimized, resulting in improved quality control and
workmanship. This contributes to the overall quality and reliability of the completed LNG
facility.

10. Accommodation of Larger or Taller Equipment: Larger modules provide the flexibility to
accommodate larger or taller equipment, which can be challenging with smaller modules.
This allows for better integration of specialized equipment and reduces potential constraints
during installation and operation.

11. Reduction in Schedule at the Installation Site: The use of larger modules can significantly
reduce the schedule at the installation site, facilitating a faster start-up process. This
expedited schedule minimizes project timelines, leading to quicker commercial operation
and revenue generation. By considering these additional benefits, the research aims to
provide a comprehensive understanding of the advantages of larger modules in LNG
program development. The findings will contribute to strategic decision-making and the
adoption of advanced techniques, ultimately enhancing the efficiency and success of LNG
projects.
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Figure 7. depicts the Snohvit LNG barge, which consists of a module weighing 35,000 tons.

Super modules, weighing between 2000-5600 tons, offer a range of benefits in LNG program
development. These advantages include:

1. Substantial Reduction in Site Labor Hours: The use of super modules significantly reduces
the number of on-site labor hours required for construction. With larger modules, a
significant portion of the fabrication and assembly work is completed off-site, leading to
reduced on-site construction time and labor costs.

2. Improved Safety with Less Site Exposure: Utilizing super modules enhances safety by
minimizing on-site exposure. With a reduced number of construction activities and workers
on-site, the potential risks and hazards associated with construction operations are
significantly reduced.

3. Wider Contractor Pool for Remaining Work Scope: By utilizing super modules, the
remaining work scope on-site can be completed by a wider pool of contractors. This opens
opportunities for engaging specialized contractors who may not have been available or
viable for smaller module-based projects.

4. Up to 50% Reduction in Plot Space: The use of super modules allows for a significant
reduction in plot space requirements. With larger modules consolidating multiple
components and systems, a smaller footprint is needed, optimizing the use of available land
and potentially reducing lease or acquisition costs.

5. Significant CAPEX Savings: Super modules offer substantial capital expenditure (CAPEX)
savings. The efficiencies gained through off-site fabrication, reduced labor hours, and lower
plot space requirements contribute to overall cost reductions, enhancing the project's
economic viability.

6. Reduced Site Directs: Super modules streamline the construction process and reduce the
need for on-site direct materials and equipment. This leads to decreased site directs, such
as the procurement and transport of construction materials, resulting in additional cost
savings.


https://doi.org/10.20944/preprints202312.2241.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2023 doi:10.20944/preprints202312.2241.v1

21

7. Reduced Camp Requirements: The use of super modules can lead to reduced camp
requirements for construction workers. With fewer on-site labor hours, the need for
extensive worker accommodations and facilities is minimized, resulting in potential cost
savings. By highlighting these benefits, the research aims to showcase the advantages of
utilizing super modules in LNG program development. The findings will support informed
decision-making and promote the adoption of these advanced techniques to drive
efficiency, cost-effectiveness, and improved outcomes in LNG projects.

In addition to cost considerations, there are several other reasons to contemplate adopting a
modular approach.

1. Mitigates adverse weather impact: Opting for a modular approach minimizes the exposure
and cost/schedule impact in case of prolonged periods of unfavorable weather conditions.

2. Relieves pressure on local infrastructure: By utilizing modular construction, there is reduced
strain on social infrastructure at the job site since a significant portion of the construction is
done off-site. This can help alleviate congestion and disruptions in the local community.

3. Maximizes cost optimization: Embracing a modular approach offers the highest potential
for cost optimization by identifying and maximizing areas where modularization can be
implemented effectively, leading to improved efficiency and reduced expenses.

4. Access to a broader labor market: Modular construction allows for greater flexibility in
labor sourcing, as it is not solely dependent on local labor conditions. This opens up
opportunities to tap into a wider labor market, potentially accessing specialized skills and
expertise that may not be available locally

5. Encourages competitive bidding: The use of modular fabrication can enhance competitive
bidding for construction projects. By engaging multiple module fabricators, there is
increased competition, leading to potentially lower costs and improved quality.

6. Reduces on-site infrastructure requirements: Adopting a modular approach minimizes the
infrastructure requirements at the job site since many components are prefabricated off-site.
This can lead to a more streamlined and efficient construction process. These additional
reasons highlight the benefits of a modular approach beyond just cost considerations,
emphasizing factors such as risk mitigation, community impact, labor flexibility,
competitive advantages, and streamlined on-site operations
Plot space reduction is a crucial consideration in the context of LNG plant development. It offers

several benefits, such as cost reduction and accommodating the addition of LNG trains within limited

space in an existing complex. To achieve this, various master planning strategies can be employed.

Some of these strategies include:

1. Compact Design: Designing the plant layout in a compact manner, optimizing the
arrangement of equipment, facilities, and infrastructure to minimize the overall footprint.
This involves carefully considering the spatial requirements and ensuring efficient
utilization of available space.

2. Vertical Integration: Utilizing vertical integration techniques, such as multilevel structures
or stacked equipment, to make the most efficient use of available vertical space. This
approach allows for the consolidation of operations within a smaller plot area.

3. Modular Construction: Implementing modular construction techniques where feasible,
which involves constructing various components or modules off-site and then assembling
them on-site. This approach reduces the space required for on-site construction activities
and allows for faster installation.

4. DProcess Optimization: Analyzing and optimizing the processes involved in LNG
production to identify opportunities for space reduction. This can involve streamlining
workflows, eliminating unnecessary equipment or redundancies, and optimizing equipment
sizing.

5. Innovative Technologies: Exploring the use of advanced technologies, such as compact
equipment designs or novel process configurations, that can achieve the same production
output with a smaller physical footprint. By incorporating these master planning strategies,
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it is possible to achieve significant plot space reduction, leading to cost savings, efficient
utilization of limited space, and the ability to accommodate additional LNG trains within
existing complexes.

A MOTOR-DRIVEN LNG PLANT REFERS TO A FACILITY WHERE THE POWER NEEDED
TO DRIVE THE LIQUEFACTION PROCESS IS SUPPLIED BY GAS TURBINES (GTS) OR
COMBINED CYCLE GAS TURBINES (CCGTS).

This type of setup offers several advantages in terms of thermal efficiency and LNG production.
By utilizing larger and more efficient GTs within a centralized power plant, such as a CCGT facility,
the overall efficiency of the LNG plant can be increased by 5-10%. This higher efficiency translates
into a more effective utilization of energy resources, leading to enhanced LNG production. The
incremental LNG production resulting from the increased thermal efficiency can range up to 0.5%,
depending on the specific requirements and conditions of the program. This means that by leveraging
a motor-driven LNG plant with advanced GTs or CCGTs, the facility can produce a higher volume
of LNG while maintaining the same energy input. This kind of efficiency improvement not only
contributes to increased LNG production but also offers potential cost savings and environmental
benefits. It enables operators to optimize their resources, maximize output, and reduce the overall
carbon footprint associated with LNG production.

Indeed, the use of large motor drivers for refrigeration compression in LNG plants is gaining
attention. Statoil's Snohvit LNG plant, for example, implemented 65MW motors for their
refrigeration compressors, which are powered by a centralized power plant comprising LM6000 gas
turbine generators (GTGs). It's worth noting that Snohvit's facility is connected to the grid for backup,
which is not a common practice among most LNG programs. In Qatar, the mega LNG trains employ
Frame 9Es with 45MW (rated) motor/generators for refrigeration compression. This indicates that
different LNG programs may choose different motor configurations based on their specific
requirements and conditions. Using large motor drivers for refrigeration compression offers several
advantages. It allows for efficient and reliable compression of the natural gas, optimizing the
liquefaction process and increasing LNG production. The use of centralized power plants or GTGs
ensures a stable power supply for the motors, enabling consistent and uninterrupted operation. The
choice between grid connection or standalone power generation for backup depends on factors like
the availability and reliability of the local power grid, cost considerations, and the specific needs of
the LNG program in question. As technology advances and more efficient motor drivers become
available, the trend of utilizing large motors for refrigeration compression in LNG plants may
continue to evolve. It offers the potential for improved energy efficiency, increased production, and
enhanced overall performance of the LNG facility

THE COMMERCIAL BENEFITS OF A MOTOR-DRIVEN LNG PLANT ARE INDEED
SIGNIFICANT. HERE ARE SOME KEY ADVANTAGES:

1. Higher production efficiency: A motor-driven plant enables higher LNG production due to
increased operational efficiency. The use of large motors allows for more effective
compression of natural gas, optimizing the liquefaction process and resulting in a greater
output of LNG

2. Higher thermal efficiency: Motor-driven plants can achieve higher thermal efficiency
compared to plants powered by gas turbines. This means that a greater percentage of the
energy input is converted into usable power, leading to improved overall efficiency and
reduced energy waste

3. Lower CO2 emissions: Motor-driven plants typically generate lower carbon dioxide (CO2)
emissions compared to gas turbine-driven plants. This is due to the higher efficiency and
cleaner combustion associated with motors, resulting in a reduced environmental impact.

4.  Shorter delivery schedule: Motors generally have shorter delivery schedules compared to
gas turbines. This can contribute to a more streamlined project schedule, reducing the
overall time required for construction, installation, and commissioning of the LNG plant.
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5. Modular design suitability: Motor-driven plants are well-suited for modular design
approaches. The use of motors facilitates modular construction, making it easier to fabricate
and assemble components off-site. This leads to lower installed costs, improved construction
efficiency, and potentially shorter project timelines. By leveraging these commercial
benefits, operators and developers of LNG plants can enhance their profitability, reduce
environmental impact, and optimize project execution. Incorporating motor-driven systems
can provide a competitive edge in the LNG industry, demonstrating a commitment to
efficiency, sustainability, and cost-effectiveness.

While the capital expenditure (CAPEX) for an electric motor-driven plant is typically higher due
to the inclusion of a large power plant, there are other factors that contribute to a net increase in the
net present value (NPV) of the project.

1. Higher availability: Electric motor-driven plants often exhibit higher availability compared
to gas turbine-driven plants. This means that the motor-driven plant has a higher likelihood
of being operational and producing LNG consistently, resulting in increased revenue
generation over the plant's lifetime. The improved availability can contribute significantly
to the NPV of the project.

2. Shorter program schedule: The use of electric motors in LNG plants can contribute to a
shorter program schedule. This reduction in overall project timeline can result in earlier
revenue generation and a quicker return on investment. The NPV of the project is positively
influenced by the accelerated cash flow. These two factors, higher availability and shorter
program schedule, often outweigh the higher cost associated with the larger power plant.
The increased revenue generation from the higher availability and the accelerated return on
investment can lead to a net increase in the NPV of the project, making the electric motor-
driven plant option financially advantageous. It is important to consider not only the initial
CAPEX but also the long-term financial benefits and operational efficiencies when
evaluating the overall viability and profitability of an LNG project
Improving plant efficiency is a key focus in the LNG industry, and two crucial areas that impact

efficiency are turbo-machinery and cryogenic heat exchange. While the liquefaction processes in LNG

plants have reached a certain level of maturity, there may be limited opportunities for further
optimization in terms of exchanger temperature approaches

1. Turbo-machinery: Turbo-machinery, including compressors and turbines, plays a critical
role in the LNG liquefaction process. By utilizing advanced technologies and design
enhancements, such as aeroderivative gas turbines (GTs), plant efficiency can be improved.
Aeroderivative GTs offer higher power density, better fuel efficiency, and improved
response times compared to traditional models. These characteristics contribute to overall
improved plant performance and efficiency.

2.  Cryogenic heat exchange: Cryogenic heat exchange is another area where efficiency gains
can be sought. Efficient heat transfer at extremely low temperatures is essential for effective
LNG liquefaction. While exchanger temperature approaches have already been optimized
to a certain extent, there may still be opportunities to explore innovative designs and
materials that can further enhance heat transfer efficiency. Overall, by focusing on
advancements in turbo-machinery, such as employing aeroderivative GTs, and exploring
potential enhancements in cryogenic heat exchange, LNG plant efficiency can be improved.
These improvements can lead to energy savings, cost reductions, and a more sustainable
operation. It's worth mentioning that continuous research and development efforts in the
field of LNG technology are aimed at identifying new approaches and technologies to
further enhance plant efficiency and sustainability
REFRIGERATION COMPRESSORS AND GAS TURBINE (GT) DRIVERS ARE INDEED TWO

KEY AREAS THAT SIGNIFICANTLY IMPACT THE EFFICIENCY OF AN LNG PLANT.

1. Refrigeration compressors: The performance and efficiency of refrigeration compressors
have a direct impact on the overall energy consumption and efficiency of the LNG plant.
These compressors are responsible for compressing and cooling the natural gas to the
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required temperatures for liquefaction. By utilizing advanced compressor technologies,
such as centrifugal compressors or axial compressors, and optimizing their design and
operation, the energy efficiency of the liquefaction process can be improved. This leads to
reduced power consumption, lower operating costs, and increased overall plant efficiency.
2. GT drivers: Gas turbines serve as the primary drivers for the refrigeration compressors in
LNG plants. The selection and performance of GT drivers have a significant impact on the
overall efficiency of the plant. By using more efficient and advanced gas turbine designs,
such as aeroderivative gas turbines, the power generation efficiency can be improved. This
results in better utilization of the fuel and reduced emissions. Higher efficiency GT drivers
contribute to improved overall plant efficiency and sustainability. Efforts in research and
development continue to focus on advancements in both refrigeration compressors and GT
drivers to enhance their efficiency and performance. This includes innovative designs,
materials, and control systems that optimize their operation and minimize energy losses. By
continuously improving and optimizing these key components, the efficiency of LNG plants
can be significantly increased, resulting in cost savings, reduced environmental impact, and
improved overall performance
The efficiency of refrigeration compressors in LNG plants has indeed reached high levels,
typically in the high 80s. As a result, the selection of gas turbines (GTs) becomes crucial in
determining the overall thermal efficiency and CO2 emissions of the liquefaction turbomachinery. In
today's industry landscape, there is an increasing emphasis on reducing greenhouse gas emissions,
and the choice of GTs plays a significant role in achieving this goal. Aeroderivative GTs, known for
their higher efficiency and improved fuel utilization, offer substantial commercial benefits in terms
of reducing CO2 emissions and maximizing the value of fuel. Aeroderivative GTs often achieve
thermal efficiencies of over 40%, which means they can convert a larger portion of the fuel energy
into useful power. This higher efficiency leads to a direct reduction in CO2 emissions, as less fuel is
required to generate the same amount of power compared to less efficient GT models. Comparatively,
aeroderivative GTs have been shown to emit approximately one-third less CO2 per horsepower
generated compared to Frame units, as indicated in Table-1. This reduction in CO2 emissions not
only aligns with environmental sustainability goals but can also have financial benefits, considering
the increasing value placed on reducing greenhouse gas emissions and potential carbon pricing
mechanisms. By utilizing more efficient aeroderivative GTs in LNG plants, operators can achieve
improved thermal efficiency, reduced CO2 emissions, and potentially gain a competitive advantage
in the market by demonstrating their commitment to sustainability

Table 1. Compressor Driver Option.

ISO (COMPRESSOR DRIVER OPTIONS)

ISO POWER, RELATIVE, WEIGHT

MW EFFICIENCY co2 SPEED&RPM KG
BASE 6 32.6 30.1 2.0 4,480 111,000
BASE 7 87.4 34.0 0.94 3,612 122,000
BASE9 131.0 35.4 0.85 4000 218,500
ELECTRIC .
MOTOR 66.0 51.8 0.63 Variable -
AERODER
IVATIVE. 44.8 42.8 0.72 3,700 32,000

*CC+VSD Higher  Availability.

The "CC+ VSD Higher Availability" represents an advanced control system known as Combined
Cycle with Variable Speed Drive (CC+ VSD), which offers increased availability and operational
reliability for compressor driver options in LNG plants. Let's analyze how this technology can be
applied to the specific numbers in Table 1:
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1. Enhanced System Reliability: By implementing the CC+ VSD technology, compressor
driver options such as BASE 6, BASE 7, BASE 9, electric motor, and aeroderivative can
benefit from advanced control and monitoring capabilities. This results in improved system
reliability, reducing the risk of unplanned downtime. For example, the BASE 7 option with
a speed of 3,612 RPM and a weight of 122,000 kg can be integrated with CC+ VSD to ensure
reliable and continuous operation.

2. Improved Efficiency and Performance: The integration of variable speed drive systems
with compressor drivers can optimize their efficiency and performance. For instance, the
electric motor option with an efficiency of 51.8% and the aeroderivative option with an
efficiency of 42.8% can be further enhanced by CC+ VSD technology. This results in reduced
energy consumption and improved overall plant efficiency.

3. Flexibility and Load Adaptability: CC+ VSD allows compressor driver options to quickly
adapt to varying operational conditions and load demands. The variable speed drive feature
enables the adjustment of the driver's speed and power output according to the
requirements. For example, the aeroderivative option with a speed of 3,700 RPM can be
efficiently controlled by CC+ VSD, offering flexibility and optimal load management.

4. Optimal Resource Utilization: By integrating gas and steam turbines, the CC+ VSD system
optimizes the use of available resources. This is particularly beneficial for the BASE 9 option,
which has a higher ISO power of 131.0 MW and a weight of 218,500 kg. CC+ VSD ensures
that these resources are utilized efficiently, reducing waste and minimizing environmental
impact.

5. Advanced Process Control: The CC+ VSD system applies advanced process control
algorithms to continuously optimize the operation of compressor drivers. This is valuable
for options like BASE 6 (ISO power: 32.6 MW) and BASE 7, as it allows for the precise
adjustment of parameters such as pressure, temperature, and flow rates. This ensures
optimal performance and prevents system instabilities...

By utilizing the CC+ VSD Higher Availability in the specific compressor driver options
mentioned in Table 1, LNG plants can achieve enhanced system reliability, improved efficiency,
flexibility, and optimal resource utilization. These advancements lead to a more sustainable and cost-
effective operation of the LNG plant..

The use of higher efficiency aeroderivative gas turbines (GTs) in LNG plants offers several
advantages. Let's explore some of the key benefits:

1. Fuel savings and increased LNG production: In cases where the gas supply is limited or
constrained, the use of higher efficiency GTs becomes particularly advantageous. The fuel
savings achieved through improved thermal efficiency directly contribute to increased LNG
production. By maximizing the utilization of available gas resources, operators can
optimize production levels and enhance project profitability.

2.  Compact and lightweight design: Aeroderivative GTs have a distinct advantage in terms
of their size and weight. Compared to industrial GTs, aeroderivative models are
approximately one-third of the weight and one-quarter of the footprint. This compact and
lightweight design offers flexibility in installation and reduces space requirements,
allowing for more efficient use of available space in the LNG plant layout.

3. Higher thermal efficiency: Aeroderivative GTs are capable of achieving higher thermal
efficiencies compared to industrial GTs. The advanced design and technology utilized in
aeroderivative models enable them to extract more energy from the fuel input, resulting in
improved overall plant efficiency. Even a small increase in thermal efficiency can have a
significant impact on the overall performance of the LNG plant.

4. Overall plant efficiency improvement: The higher efficiency of aeroderivative GTs can
lead to a notable increase in the overall plant efficiency. With a more efficient gas turbine
driving the refrigeration compressors, the liquefaction process becomes more energy-
efficient, resulting in optimized power consumption, reduced operating costs, and
enhanced overall plant performance. By leveraging the benefits of higher efficiency
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aeroderivative GTs, LNG plant operators can achieve cost savings, increase LNG

production, optimize space utilization, and improve the overall efficiency and profitability

of their operations. The utilization of higher efficiency aeroderivative gas turbines (GTs) in

LNG plants offers additional advantages that contribute to improved operational

performance and cost-effectiveness:

5.  Enhanced plant availability: The ability to quickly change out a complete aeroderivative
GT within 48 hours, compared to the 15 days or more required for industrial GTs,
significantly improves plant availability. This reduces downtime and ensures that the LNG
plant can resume production promptly, minimizing revenue losses and optimizing
operational efficiency.

6. Reduced fuel consumption and CO2 emissions: The higher efficiency of aeroderivative
GTs leads to reduced fuel consumption, resulting in lower CO2 emissions. By optimizing
the energy conversion process, less fuel is required to generate the same amount of power,
which not only lowers operating costs but also contributes to environmental sustainability
goals.

7. Comparative CO2 emissions: Published data on various LNG programs have shown that
CO2 emissions in the range of 0.25-0.37 tons per ton of LNG produced have been reported.
The use of higher efficiency aeroderivative GTs can contribute to the lower end of this range
or potentially even lower, further reducing the carbon footprint of the LNG plant.

8. Realistic fuel value impact: Taking into account a more realistic fuel value, such as $3-$5
per thousand cubic feet (mmcf), rather than the commonly applied value of $0.50 per mmcf
for "stranded gas," can significantly improve the life cycle costs of the LNG plant.
Considering the actual market value of the fuel helps provide a more accurate assessment
of the economic viability and financial returns of the project. By considering these factors
and incorporating higher efficiency aeroderivative GTs into the LNG plant design,
operators can achieve improved plant availability, reduced fuel consumption and CO2
emissions, and enhanced cost-effectiveness throughout the project's life cycl..

Initial capital expenditure (CAPEX) for higher efficiency aeroderivative gas turbines (GTs) can
be higher compared to industrial GTs. The advanced design and technology employed in
aeroderivative GTs often involve additional costs. However, it's important to consider the long-term
benefits and cost savings that can be achieved throughout the operational lifespan of the LNG plant.
While large power frames like the Frame 7 or 9 might not be available in the aeroderivative GT
market, alternative options with comparable or even superior performance can still be found. There
are various manufacturers and models of aeroderivative GTs that offer high power outputs and
excellent efficiency, suitable for LNG plant applications. When evaluating the CAPEX, it's essential
to consider the overall project economics, including factors such as increased plant availability,
higher efficiency, fuel savings, and reduced CO2 emissions. These benefits can contribute to
improved project profitability and financial returns over the long term. Moreover, advancements in
aeroderivative GT technology continue to occur, with ongoing research and development efforts
focused on enhancing performance, reliability, and cost-effectiveness. The market for aeroderivative
GTs is evolving, and new models and options are continually being introduced to meet the needs of
the LNG industry. It's worth noting that while there may be some differences in available options
and CAPEX considerations, the overall benefits of aeroderivative GTs in terms of efficiency,
flexibility, and environmental impact make them a compelling choice for many LNG plant operators

VALID POINTS REGARDING SOME OF THE CHALLENGES ASSOCIATED WITH
AERODERIVATIVE GAS TURBINES (GTS) IN COMPARISON TO INDUSTRIAL GTS.

Let's address these concerns:

1. Power output limitations: It's true that the largest aeroderivative GTs, such as the LM6000,
have a lower power output compared to large industrial GTs like the Frame 7.
Aeroderivative GTs are typically designed for mechanical drive applications and have been
optimized for specific power ranges. However, it's important to consider the specific
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requirements and capacity needs of the LNG plant when selecting GTs. Depending on the

size and configuration of the plant, multiple aeroderivative GTs can be utilized to meet the

required power demands
2.  Maintenance requirements: Aeroderivative GTs do have more frequent maintenance
intervals compared to industrial GTs. The time between major overhauls for aeroderivative

GTs is typically around 24,000 hours, while industrial GTs may have longer intervals,

around 48,000 hours. This is primarily due to the higher operating speeds and more

advanced technologies employed in aeroderivative GTs. However, it's worth mentioning
that advancements in aeroderivative GT designs and materials have been made to improve
reliability and reduce maintenance requirements.,

Furthermore, the higher-pressure fuel gas requirement for aeroderivative GTs can be addressed
with proper fuel conditioning systems and enhancements to the fuel delivery infrastructure. These
modifications can ensure that the GTs receive the necessary fuel quality and pressure to operate
efficiently and reliably. While there are considerations and trade-offs associated with aeroderivative
GTs, their higher efficiency, compact design, and environmental benefits continue to make them an
attractive option for many LNG plant operators. Each project's specific requirements and priorities
will determine the most suitable GT solution

RAM Analysis

Unleashing the Power of LNG In the realm of strategic mastery, a cutting-edge RAM (Reliability,
Availability, and Maintainability) analysis emerges as an invaluable tool for the optimization and
enhancement of LNG program development. By harnessing advanced techniques, this analysis
enables us to unlock the untapped potential of LNG facilities. With its predictive capabilities, the
conceptual RAM analysis empowers us to anticipate and optimize facility production performance.
Moreover, it unravels the key contributors to production loss, allowing us to target and mitigate those
factors on a unit-by-unit basis. This comprehensive approach provides invaluable insights into areas
with the highest potential for increasing Production Efficiency (PE) and ultimately driving more LNG
production. While our focus in this discussion is specifically on the onshore facility, it's important to
note that an overall analysis encompassing both offshore and onshore facilities is typically
undertaken. By employing this more comprehensive approach, we can ensure a holistic
understanding of the entire LNG program development landscape. By delving into the depths of
strategic mastery through advanced RAM analysis techniques, we embark on a transformative
journey towards unleashing the true power of LNG. Together, we can unlock new realms of
efficiency, productivity, and success in the LNG field.

The outcomes of such an analysis can indeed exhibit significant variability, as they are
influenced by various factors including the applied technology, plant configuration, sparing
philosophy, and the type of compression drivers employed. In the case of GT (Gas Turbine) driven
LNG plants, studies have revealed that refrigeration drivers play a pivotal role as the primary
contributors to losses, both in terms of scheduled and unscheduled outages. Remarkably, it has been
observed that refrigeration drivers account for up to two-thirds of the total losses experienced in GT
driven LNG plants. This highlights the criticality of addressing the performance and reliability of
these drivers to mitigate production losses and maximize efficiency..Reducing the duration of
scheduled turbine inspections can have a significant positive impact on Production Efficiency (PE).
By carefully reviewing the owner's plant inspection history in comparison to the manufacturer's
recommendations, a more site-specific and realistic assessment can be made. This enables the
identification of opportunities for potential reductions in scheduled downtime. Taking a tailored
approach to scheduled maintenance and inspections can yield great benefits. By accurately assessing
the specific needs and conditions of the plant, it becomes possible to optimize the inspection intervals
and minimize the impact on production. This strategic approach not only improves PE but also
ensures that maintenance efforts are efficient and aligned with the plant's requirement
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Fractionation Unit, 1.6

AGRU Unit. 1.6- Steam Disfribution, 0.9

Debhrydration Unit, 2.1

Liquefaction Unit, 2.5

M2 & H2 Rejection Unit, 3.7 ——

% Planned S/Downs, 35.2
Sulfur Recovery, 4.0—" i

HGL Recovery Unit, 4.2

Inlet Facilities, 5.4

Absolute Loss = 8.8%
Restarts, 81—

Refrigeration, 29.1

Key Contributors to Production Loss (%).

In summary, based on the analysis conducted, there are several key areas to focus on for
increasing availability and production efficiency in GT-driven LNG plants:

1. GT Turbine Drivers: The performance of GT turbine drivers has a significant impact on
production efficiency. Optimizing their maintenance schedule and reducing the duration of
scheduled maintenance can help maximize availability.

2. Scheduled GT Turbine Maintenance: The largest production loss is often attributed to the
scheduled maintenance of GT turbines. It is crucial to carefully manage and optimize the
maintenance schedule to minimize downtime and maximize production efficiency.

3. Unscheduled Failures of GTs and Compressors: Unscheduled failures of GTs and
compressors, which drive the refrigeration trains, contribute a notable portion of production
losses. Addressing and mitigating these failures can lead to substantial improvements in
availability, with GT failures accounting for up to 70% of losses and compressor failures
accounting for up to 25% of losses. By strategically focusing on these areas, such as
optimizing maintenance schedules, mitigating unscheduled failures, and prioritizing GT
turbine drivers, LNG plants can enhance their availability and overall production efficiency.

4. The restart losses after a plant trip indeed play a significant role as the third-largest
contributors to production losses. However, by leveraging advanced software solutions like
AP-Auto Cool™, which is linked with the Distributed Control System (DCS), the duration
of restarts can be effectively reduced. This software enables efficient cooling and brings the
plant back online swiftly, minimizing the impact on production efficiency. Additionally, it's
interesting to note that annual production efficiency can vary year by year. The highest
efficiency is typically observed in years with no gas turbine maintenance. However, during
major inspections (MI), combustion inspections (CI), and hot gas path inspections (HGPI),
production efficiency can experience a drop of up to 5% or more for MI and up to 3% for CI
and HGPIL. Understanding these variations allows for better planning and optimization
strategies to minimize the impact on overall production efficiency.
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5. Reduction in Scheduled Maintenance Durations: By reducing the duration of both Hot Gas
Path Inspections (HGPI) and Major Inspections (MI) by approximately 5 days, there is a
potential for increasing PE by around 0.4%. This optimization allows for shorter downtime
during maintenance periods and maximizes the availability of the plant

6. Use of GEExtendor™ Kits: The implementation of GEExtendor™ Kits, if applicable for the
specific equipment, can extend the intervals between Combustion Inspections (CI) to twice
as long. This can result in a significant increase in PE, with a potential gain of up to 0.8%. By
reducing the frequency of CI, maintenance downtime is minimized, leading to enhanced
availability and productivity.

7.  Single Train Restart Time Reduction: The cool-down time required for a single train restart
significantly impacts PE. By implementing strategies to reduce this cool-down period, such
as utilizing advanced cooling techniques or optimized procedures, PE can be increased by
up to 0.2-0.3%. This allows for quicker resumption of production after a plant trip,
minimizing the impact on overall efficiency.

8.  What-if' Scenarios for Equipment Sparing: Running 'what-if' scenarios to evaluate the
impact of sparing selective equipment on PE is a valuable strategy. For example, assessing
the impact of sparing the off-gas compressor can help determine if it positively affects PE.
This analysis enables data-driven decision-making and ensures optimal allocation of
resources to maximize production efficiency. By implementing these strategies and
continuously exploring further optimization opportunities, GT-driven LNG plants can
achieve significant improvements in PE and overall operational performance

INCREASING PLANT AVAILABILITY BY REVIEWING THE ACCEPTABILITY OF FLARING
DURING SPECIFIC EVENTS CAN BE A VALUABLE STRATEGY. LET'S EXPLORE THE
POTENTIAL BENEFITS OF THESE TWO SCENARIOS

1. Flaring during FG Compressor Trip: Evaluating the acceptability of flaring during FG (Fuel
Gas) compressor trips versus a train trip can help minimize production losses. By allowing
controlled flaring during FG compressor trips, the plant can potentially avoid a full train
trip, which would result in more significant downtime. This assessment ensures that
production continues with minimal interruption, thereby enhancing plant availability.

2. SRU Trip and Acid Gas Flaring: Similarly, reviewing the acceptability of SRU (Sulfur
Recovery Unit) trips and acid gas flaring versus a train trip can significantly impact plant
availability. If it is deemed acceptable to temporarily trip the SRU and implement controlled
acid gas flaring during maintenance or operational issues, it can prevent a complete train
trip. This helps minimize downtime and production losses, ensuring higher plant
availability and production efficiency. By carefully evaluating and considering these
scenarios, plant operators can make informed decisions to optimize availability while
maintaining safety and compliance .

3.  FLARE MINIMIZATION: is a crucial aspect in the LNG industry, not only for reducing
costs but also for mitigating environmental impact and ensuring compliance with emissions
regulations. By implementing effective strategies, the program's life cycle cost can be
reduced, contributing to improved sustainability and operational efficiency.

Here are some considerations for flare minimization:

1. Review of HIPS (High-Integrity Pressure Protection Systems): High-Integrity Pressure
Protection Systems have been successfully employed in the LNG industry to reduce costs
without compromising overall safety. These systems provide advanced monitoring and
control capabilities to prevent overpressure events and minimize the need for flaring. By
implementing HIPS technology, operators can enhance safety, reduce flaring events, and
optimize the program's life cycle cost.

2. Process Optimization: Conducting a thorough review of the LNG plant's processes can
identify areas where efficiency can be improved, leading to reduced flaring. Analyzing the
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operational parameters, equipment performance, and control strategies can help identify
opportunities for process optimization and better utilization of resources.

3. Advanced Flare Management Systems: Implementing advanced flare management
systems can enhance the control and monitoring of flaring events. These systems provide
real-time data and analytics to optimize flare operations, minimize unnecessary flaring, and
improve overall efficiency. By actively managing and optimizing flaring, the costs
associated with fuel consumption and emissions can be reduced. By considering these
factors and exploring innovative technologies and strategies, operators in the LNG industry
can achieve significant flare minimization, leading to cost savings, reduced environmental
impact, and improved sustainability.

NITROGEN REJECTION IN LNG PROGRAM DEVELOPMENT:

1. Nitrogen Content Reduction: While the typical nitrogen specification for LNG is around 1
mol%, further reduction in the nitrogen content can lead to shipping more LNG. By
implementing nitrogen rejection processes, such as additional stripping or cryogenic
distillation, the nitrogen content can be lowered, allowing for the shipment of additional
cargoes per year. This optimization maximizes the utilization of the LNG carrier capacity
and increases revenue potential.

2. Compatibility with Re-Liquefaction Plants: Modern large LNG carriers are equipped with
re-liquefaction plants to minimize boil-off gas. These re-liquefaction plants work optimally
with low nitrogen content LNG. By reducing the nitrogen content through nitrogen
rejection, the LNG becomes more compatible with the re-liquefaction plants, improving
overall operational efficiency and reducing energy consumption during transportation. By
implementing nitrogen rejection processes to reduce the nitrogen content in LNG, LNG
program developers can take advantage of the potential to ship more cargoes per year and
enhance compatibility with modern LNG carriers equipped with re-liquefaction plants.
These optimizations contribute to maximizing revenue, improving operational efficiency,
and optimizing the economics of the LNG program.

TO SUMMARIZE, INVESTING IN A STRIPPER COLUMN TO FURTHER REDUCE THE
NITROGEN CONTENT IN LNG BRINGS SEVERAL BENEFITS TO THE LNG PROGRAM
DEVELOPMENT

1. Greater Annual Revenue: The production of high Btu, low nitrogen LNG allows for
increased annual revenue. By reducing the nitrogen content, more LNG can be produced
and shipped, maximizing the utilization of LNG carrier capacity and generating higher sales
volume.

2. Increased LNG Shipping Efficiency: The reduction in nitrogen content through a stripper
column enhances LNG shipping efficiency. By removing more nitrogen, the volume of non-
condensable gases in the LNG cargo is minimized, allowing for greater LNG capacity during
transportation.

3. Incremental Condensate Sales Revenue: The optimization of the LNG composition through
nitrogen reduction not only benefits LNG sales but also provides an opportunity for
incremental condensate sales revenue. The increased production of LNG results in more
associated condensate available for sale, contributing to additional revenue streams.
Overall, investing in a stripper column to further reduce nitrogen content in LNG brings
financial advantages by increasing annual revenue, improving shipping efficiency, and
providing additional revenue opportunities through incremental condensate sales. It
optimizes the economics of the LNG program and maximizes profitability

4. Increased Cargo Capacity: Newer LNG carriers, such as Q-flex LNG carriers, are fitted with
re-liquefaction units. These units enable the re-liquefaction of boil-off gas during
transportation, allowing for more cargo to be delivered with each voyage. This increased
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cargo capacity optimizes the utilization of the vessel and enhances the overall efficiency of
LNG transportation.

5. Control over Fuel Gas Quality: The presence and control of nitrogen content in the fuel gas
are important considerations for meeting the gas quality requirements of Dry Low NOx
(DLN) combustors. By having better control over the amount of nitrogen in the fuel gas,
LNG program developers can ensure compliance with DLN combustor specifications. This
enables the use of more advanced combustion technologies, improving overall operational
efficiency and environmental performance. By leveraging the capabilities of newer ships
equipped with re-liquefaction units, LNG program developers can maximize cargo capacity
per voyage, optimize fuel gas quality, and enhance overall operational efficiency. These
advancements contribute to improved economics, environmental sustainability, and
compliance with industry standards in LNG program development.

ISSUES

Are important considerations in LNG program development.

1. Limited Feed Gas for Incremental LNG: If there are constraints on the availability of feed
gas, it can limit the ability to produce incremental LNG. This can be addressed by exploring
options to increase feed gas supply through potential gas field developments, sourcing from
alternative suppliers, or optimizing gas production and processing techniques to maximize
the utilization of available feed gas.

2. Fuel Gas Nitrogen Content: The fuel gas extracted from the LNG column may have a higher
nitrogen content, which can pose challenges in meeting requirements for Dry Low NOx
(DLN) combustion systems. To address this, blending the fuel gas with other sources that
have lower nitrogen content can help meet DLN requirements. By carefully balancing the
composition of the fuel gas, the necessary nitrogen levels can be achieved while ensuring
compliance with environmental regulations. By understanding and addressing these issues,
LNG program developers can overcome constraints related to feed gas availability and
ensure compliance with combustion system requirements. This enables the efficient
production of LNG while maintaining environmental standards and optimizing program
economics.

3. CONCLUSION.

4.  After carefully analyzing the extensive research on the topic of strategic mastery and unleashing
the power of LNG program development through advanced techniques, an impactful and
refined conclusion can be formulated: Due to the rapid expansion of the global LNG supply, the
imminent LNG glut, and the persistently low energy prices, it is anticipated that certain marginal
programs may be postponed temporarily. However, it is crucial to emphasize that these
programs will still undergo continuous evaluation to enhance their economic potential in the
future. This conclusion highlights the dynamic nature of the LNG industry, acknowledging the
current challenges while also emphasizing the importance of ongoing assessment and
improvement.Furthermore, it is essential to address the cost overruns and delays that have been
experienced in certain recent LNG programs. To overcome these challenges, the implementation
of a unique conceptual design master plan becomes imperative. This plan will serve as a
comprehensive framework to reevaluate new programs, focusing on enhancing their economic
viability and maximizing their rate of return. By adopting this approach, the industry can
proactively mitigate potential setbacks and ensure the successful execution of future LNG
initiatives.

5. In the realm of strategic mastery and unleashing the power of LNG program development
through advanced techniques, it is crucial to address the economic aspect by revisiting the
program design concepts of all components involved, which include:

6. Sub-sea: The exploration and extraction of LNG reserves beneath the seabed require
meticulous planning and advanced techniques. By reevaluating the sub-sea component, we


https://doi.org/10.20944/preprints202312.2241.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2023 doi:10.20944/preprints202312.2241.v1

32

can identify innovative approaches to improve efficiency and cost-effectiveness in this

crucial phase of LNG program development.

7. Offshore: The transportation and processing of LNG from offshore facilities play a
significant role in the overall success of the program. By revisiting the design concepts of
offshore infrastructure, we can explore ways to optimize operations, reduce costs, and
ensure greater reliability in the delivery of LNG.

8. Onshore Advancement: The onshore components, including regasification terminals,
storage facilities, and distribution networks, are integral to the LNG program's success. By
reassessing the design concepts of these onshore advancements, we can identify
opportunities to enhance their economic viability, streamline operations, and improve
overall performance. By revisiting and refining the program design concepts of these three
components — sub-sea, offshore, and onshore advancement — we can unlock the true
potential of LNG program development and achieve greater economic success.

Indeed, to effectively enhance program economics, a comprehensive total program assessment
capability is essential. By utilizing this capability, we can accurately identify areas of improvement
within the program, thereby maximizing its economic potential and mitigating the risks of cost
overruns and schedule delays. To achieve this, a thorough assessment of the design criteria and its
impacts is imperative. Some key factors to consider in this assessment are:

1. Design Efficiency: Evaluating the efficiency of the existing design criteria and identifying
any potential areas for optimization can significantly enhance the program's economics. This
includes assessing factors like process flow, equipment selection, and operational efficiency.

2. Cost Analysis: Conducting a detailed cost analysis helps in identifying potential cost drivers
and exploring alternative cost-effective solutions. By carefully assessing the cost
implications of various design elements, we can make informed decisions that contribute to
improved program economics.

3. Risk Management: Assessing the design criteria's impact on risk factors such as safety,
environmental considerations, and regulatory compliance is crucial. This allows for the
implementation of risk mitigation strategies and the avoidance of costly delays and
penalties. By thoroughly analyzing the design criteria and its impacts, we can identify areas
for improvement, optimize program economics, and foster a more efficient and cost-
effective LNG program development process.

WHEN CONSIDERING SUBSEA AND OFFSHORE ADVANCEMENTS IN LNG PROGRAM
DEVELOPMENT, SEVERAL KEY FACTORS COME INTO PLAY:

1. Program Site Selection: The selection of the program site has a direct impact on various
costs, including dredging, site preparation, and infrastructure development. By carefully
assessing site options, we can minimize these costs, which typically account for around 5%
of the total investment cost (TIC).

2. Accurate Environmental Data: Having precise environmental data is crucial as it helps
reduce design risks associated with offshore facilities, trunkline routes, dredging operations,
and the construction of an LNG jetty. By obtaining accurate data, we can make informed
decisions that optimize design and minimize potential environmental impacts.

3.  Well Installation Costs: Evaluating the use of full subsea advancements versus offshore
production facilities can significantly impact well installation costs, which typically make
up around 12-15% of the TIC. By carefully assessing the feasibility and cost-effectiveness of
each approach, we can identify opportunities to reduce installation costs and improve
overall program economics. By considering these factors and incorporating them into the
program design, we can optimize subsea and offshore advancements in LNG program
development. This will help minimize costs, reduce design risks, and ultimately enhance the
economic viability of the program.

4. Full Subsea Recovery System: Implementing a full subsea recovery system eliminates the
need for costly offshore real estate and ongoing operating costs associated with traditional
offshore production facilities. However, it is crucial to balance these benefits against
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potential drawbacks, such as reduced access to wells and reduced flexibility in terms of
operations and maintenance.

5. Substructure - FLNG Concept: The FLNG (Floating LNG) concept involves placing the LNG
plant directly at the production site, eliminating the need for a trunkline, onshore receiving,
storage, and export facilities. This approach offers advantages such as reduced
infrastructure requirements and potentially shorter project timelines. However, it is
essential to carefully assess the feasibility and economic viability of this concept based on
factors like environmental considerations, production capacity, and market demand. By
considering the pros and cons of these subsea and offshore advancements, we can determine
the most suitable approach for a specific LNG program. This evaluation ensures that the
chosen design balances cost-effectiveness, operational efficiency, and overall program
viability.

6. FPSO for Condensate Recovery: If the field contains a significant amount of condensate,
using an FPSO instead of a platform can be advantageous. This allows for the direct recovery
and export of condensate from the field, while the remaining dry gas can be transported
onshore for further processing and export. This approach optimizes the utilization of
resources and maximizes the economic value of the field.

7. Phase-in Future Compression: As the field declines, it is important to evaluate the approach
of introducing compression facilities. Instead of investing in additional facilities upfront,
considering a phased approach allows for flexibility in aligning compression capacity with
the declining production rates. This approach ensures cost-effectiveness and avoids
overinvestment in unnecessary infrastructure.

8. Trunkline Configuration: When evaluating trunkline options, it is essential to assess the
advantages and disadvantages of wet trunklines versus dry trunklines or those with MEG
(monoethylene glycol) injection. Factors such as pipeline capacity, maintenance
requirements, and hydrate prevention should be considered to determine the most suitable
configuration for the specific field conditions. By considering these aspects, the LNG
program development can optimize condensate recovery, manage production decline
effectively, and select the most appropriate trunkline configuration. This ensures a cost-
efficient and successful program implementation while maximizing the economic benefits
of the LNG project.

WHEN CONSIDERING ONSHORE ADVANCEMENTS IN LNG PROGRAM DEVELOPMENT,

IT IS IMPORTANT TO TAKE THE FOLLOWING FACTORS INTO CONSIDERATION:

1. Train Size & Number: The sizing and number of LNG trains should be carefully balanced
to achieve economies of scale. While larger trains may offer cost advantages, there is a need
to evaluate the optimal size that maximizes efficiency and minimizes operational costs. Pre-
investing in infrastructure that can accommodate potential future expansion is also crucial
to avoid costly modifications later on.

2. Modularization vs Stick-Built or Hybrid Design: Assessing the feasibility of
modularization versus traditional stick-built construction, or a combination of both, can lead
to potential cost savings of around 10-15% of the total investment cost (TIC). Modularization
allows for standardized construction in controlled environments, reducing on-site
construction time and improving project execution efficiency.

3. Plot Space Reduction: Optimizing plot space utilization is essential in onshore LNG
advancements. Techniques such as stacking chillers, employing proprietary vessel internals,
eliminating unnecessary equipment like the C3 compressor blocked discharge case, and
consolidating flare stacks in a derrick structure can help reduce the overall plot space
requirements. This frees up valuable land for other purposes and may lead to cost savings.
By carefully assessing these factors, LNG program development can achieve cost efficiencies,

improve project timelines, and optimize plot space utilization. This ensures a streamlined onshore

advancement process and maximizes the economic benefits of the LNG program.
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1.  Motor Driven Plant: Implementing a centralized power plant with motor-driven equipment
can potentially increase LNG production by up to 0.5%. Centralizing the power supply
allows for better control and optimization of energy usage, leading to improved overall
plant performance and increased production output.

2.  Aeroderivative Gas Turbines (GTs): Integrating aeroderivative gas turbines into the LNG
plant can significantly improve efficiency by more than 3%. These advanced turbines offer
higher power-to-weight ratios, enhanced fuel flexibility, and lower emissions. By adopting
aeroderivative GTs, the carbon footprint of the plant can be reduced by up to 30%,
contributing to environmental sustainability.

3. Conceptual RAM Analysis: Conducting a Reliability, Availability, and Maintainability
(RAM) analysis at the conceptual stage helps identify options for increasing LNG
production. One crucial aspect to consider is restarts, which can be a significant contributor
to production losses. Evaluating options such as restarting at full pressure or with partial
depressurization can minimize downtime and optimize production efficiency.

4. Flare Minimization: Designing the plant for high turndown and considering High Integrity
Pressure Protection Systems (HIPS) can help minimize flaring and reduce both program life
cycle costs and the carbon footprint. Flaring can be minimized by designing the plant to
efficiently handle fluctuations in production, avoiding unnecessary flaring during periods
of low demand. Additionally, designing for high Fuel-Flexible Firing (FFF) in the fuel
balance can help prevent excess flaring by utilizing fuel as efficiently as possible.

5. Nitrogen Rejection: Maximizing nitrogen stripping during LNG processing increases
shipping efficiency by reducing the volume of non-condensable gases in the LNG cargo.
This optimization not only enhances revenue by allowing for increased LNG sales, but it can
also provide incremental condensate sales volume, further maximizing profitability. By
prioritizing flare minimization and maximizing nitrogen stripping, LNG program
development can achieve cost savings, reduce environmental impact, and increase revenue
generation. These strategies contribute to a more efficient and sustainable LNG program.
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