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ABSTRACT

The world’s energy chessboard is in the midst of a monumental transformation, and LNG is playing a critical role to reconcile the
imperatives of energy security with those of decarbonization. This paper explores the future trajectory of LNG policy in light of global
energy transitions, climate pledges and geopolitical shifts. And as countries around the world move to diversify their energy supplies
and reduce use of coal and oil, LNG fills in as a bridge fuel that can be more easily transported and carries a lesser carbon footprint
than traditional fossil fuels. But there are more sides to this role. There are a number of global dynamics that are influencing LNG
policy including uncertain demand outlooks, regulatory pressure, methane reduction targets, and investment risk in infrastructure.
Getty More and more, global accords like the Paris Agreement and COP26 pledges are now starting to have a bearing on national LNG
strategies and that can be seen in Asia, Europe and also Africa. At the same time, geopolitical strategies (including the impact of the
Russia-Ukraine tension on European gas markets) have spurred realignment of LNG trade flows and a renew emphasis on strategic
stockpiling and diversified supply. This article, therefore, aims to focus on the relation of LNG policy with upcoming decarbonization
tools like carbon pricing, green taxonomy alignment, and lifecycle emissions monitoring. It also evaluates policy advances on methane
leak abatement and on renewable LNG (bio-LNG) and hydrogen blending, as ways to increase the long-term sustainability of LNG
infrastructure. Finally, the analysis closes with a set of strategic policy prescriptions on how to reconcile short-term energy reliability
with long-term climate objectives. These consist of promoting international policy cohherence, investing in low-emission LNG value
chains, and integrating LNG in just transition for equitable access to energy.

Keywords: Liquefied Natural Gas (LNG), Energy Security, Decarbonization Policy, Global Energy Transition, Methane
Emissions, Geopolitical Energy Strategy

1. INTRODUCTION

1.1 Global Context: Energy Transitions and the LNG Nexus

Energy Global is in the midst of structural change as decarbonization imperatives, geopolitical dynamics and
consumption dynamics put pressure on traditional energy sources. With countries working toward Paris Agreement goals
to decouple economic growth from carbon emissions, energy systems are transitioning away from coal and oil to cleaner,
more dynamic solutions [1].

In this regard also Liquefied Natural Gas (LNG) represents an essential bridge fuel that has a lower carbon intensity than
coal and it ensures grid's stability and energy security in transitional phase of the renewable's scale up [2].

LNG has a particularly pronounced role in areas with rising energy demand and little renewable capacity, like South and
Southeast Asia. In these markets, LNG is used to supply peak demand, smooth short-term fluctuations in solar and wind
generation and replace high emission intensity fuels in industrial applications [3].
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At the same time, developed economies see LNG as a transitional backstop for a further decommissioned of conventional
power plants and atomic assets, providing strategic advantage and the possibility of importing routes and holding terms.
Geopolitical developments such as the crisis of Russia-Ukraine led also to redraw the trade flows of LNG, with European
countries seeking to reduce the dependence on Russian gas through the import of LNG and the development of the
infrastructure [4]. It is not surprising, therefore, that by 2022 global demand for the fuel had increased to something in
the order of 400Mt, and is expected to continue to rise to 700Mt by 2030. Figure 1.

Figure 1. Global LNG Demand (2000–2030)[2]

This figure illustrates the historical and projected global demand for liquefied natural gas (LNG) from 2000 to 2030,
measured in million tonnes. The solid blue area represents actual demand growth through 2022, while the dashed line
indicates forecasted growth to 700 million tonnes by 2030. The chart highlights LNG’s expanding role in the global
energy mix and serves as a basis for examining future supply-demand dynamics in energy transition planning.

However, the role of LNG is not without contention. Critics argue that long-term LNG infrastructure risks locking in
emissions and diverting investment from renewables. Moreover, lifecycle methane emissions from gas production and
transport diminish its climate benefit unless stringent leak controls are enforced [5]. This duality places LNG at the nexus
of energy transition debates, necessitating a closer examination of its long-term alignment with net-zero pathways,
especially in light of evolving policy, financial, and environmental constraints.

1.2 Rationale and Scope of Inquiry

The strategic context of LNG in global and regional energy transition frameworks is examined in this paper. The long-
term coexistence with net-zero targets so far has been relatively unexplored although LNG is frequently promoted as a
cleaner alternative to coal and as facilitator of flexible energy systems. While most scenarios in policy discourses are
limited to short-term supply diversity and cost reduction as well as neglecting systemic consequences including stranded
asset risks, cross-boarder emission leaks, and and techno-economic lock-ins [6].

The reason for this investigation is the acute need there is for those energy planning models that strike a balance between
reliability, affordability, climate alignment. Developing countries and emerging markets, in Africa and Asia for example,
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are in a bind: They need to expand energy access without replicating carbon-heavy paths. LNG: opportunity and
challenge The relatively simple solution of switching to LNG is attractive, multiplying concerns about the durability of
the infrastructure, the attractiveness of the economics in a world with a carbon price and the preparedness of institutions
for emissions governance [7]. The focus is on a discussion of the role of LNG as a potential moderator of security of
supply risks, the emissions profile of LNG over the life time of the supply chain, and the trends in investments, the
regulatory framework and policy signals shaping LNG expansion.

It leverages comparative case studies in rapidly growing LNG markets and examines worldwide supply demand outlook
to identify catalysts of change. Lastly, the paper seeks to offer a measured and prospective examination of the transitional
value as well as the long-term position which LNG can play. It locates the conversation about LNG within larger energy
system transitions, and provides a framework to think about when, where and how LNG is consistent or at odds with the
objectives of sustainable development and decarbonization [8].

1.3 Structure of the Paper

The rest of this paper is organized as follows. Section 2 looks at the historical development and present state of the world
market for LNG, including the profile of major exporters, importers, and trends in infrastructure. Section 3 discusses the
environmental aspects of LNG, including lifecycle GHG emissions, methane leakage, comparison to net-zero
benchmarks, etc [9]. In Section 4 we delve into financial and policy considerations (public, credit risk, and carbon
interactions) that impact the feasibility of the LNG projects.

Sec. 5 discusses comparative analysis in specific regions including Southeast Asia, Sub-Saharan Africa and Europe
illustrating contextual trade-offs and decision making process [12]. Section 6 concludes with the synthesis of findings
and provides strategic insights and policy implications. The paper also refers to Figure 1 as a framing diagram to put into
context LNG’s rising share of the global energy mix and to ground readers in outlooks for supply and demand across
2000 to 2030.

2. LNGMARKET DYNAMICS AND POLICY LANDSCAPE

2.1 Supply-Demand Trends: Major Exporters and Importers

The global LNG market has undergone a significant transformation over the past two decades, with both supply and
demand profiles diversifying across geographies. On the supply side, Qatar, Australia, and the United States have
emerged as dominant exporters, together accounting for over 60% of global LNG trade by volume in 2022 [6]. Qatar
maintains its competitive edge through low-cost production and long-term contracts, while the U.S. has leveraged its
shale gas boom and flexible Free on Board (FOB) pricing models to expand its export footprint [7]. Australia’s output,
although substantial, is increasingly constrained by environmental scrutiny and domestic supply obligations.

Meanwhile, LNG demand has surged in Asia, driven by energy security concerns and the need to replace coal in
electricity generation. Japan, China, and South Korea consistently rank among the top importers, with China overtaking
Japan as the largest LNG buyer in 2021 [8]. Southeast Asian countries, including Thailand, Vietnam, and the Philippines,
are also ramping up LNG imports to support industrial growth and fill renewables intermittency gaps.

In Europe, LNG has gained renewed strategic relevance following the Russia-Ukraine conflict, which disrupted pipeline
gas supplies. Germany, once heavily reliant on Russian gas, inaugurated its first LNG terminal in 2023 and signed long-
term contracts with U.S. and Qatari suppliers [9]. Italy, the UK, and the Netherlands have also expanded regasification
capacity to diversify energy sources and enhance market resilience.

On the demand frontier, South Asia and Africa represent emerging growth zones. India’s LNG imports support fertilizer
production and urban transportation, while African nations like Morocco and South Africa are exploring LNG to mitigate
domestic energy shortages and transition from coal [10].
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Global LNG trade reached approximately 400 million tonnes in 2022 and is projected to exceed 700 million tonnes by
2030, driven by new terminal constructions and rising demand from developing economies. As noted in Table 1, policy
incentives, contractual flexibility, and infrastructure readiness significantly shape import strategies and market maturity
across top LNG-consuming countries. These trends underscore LNG’s evolving role in the energy transition both as a
stabilizer for renewables and a contested bridge fuel with decarbonization implications.

Table 1: Key Factors Shaping LNG Import Strategies and Market Maturity Across Leading LNG-Consuming Countries

Country Policy Incentives
Contractual
Flexibility

Infrastructure
Readiness

Market
Maturity
Level

Role in Energy
Transition

Japan
Subsidies for LNG
storage, long-term
supply security

Limited due to
legacy long-term
contracts

High – extensive
regasification
terminals

Advanced
Stabilizer for
renewables; shift toward
hydrogen co-firing

South
Korea

Government-backed
pricing and supply
stability

Medium – gradual
shift to short-term
deals

Mature import
terminals with
redundancy

Advanced
Bridge fuel; policy shift
toward hydrogen and
renewables

China
Aggressive support for
infrastructure expansion

Increasing short-
term and spot
contracts

Rapidly expanding
with state-led
investments

Growing
Strategic buffer and
peaking source during
transition

India
Tax exemptions and
tariff rationalization

Growing spot
market
participation

Moderate – some
coastal limitations

Emerging
Enabler for coal
displacement, but
affordability concerns

Germany
EU-aligned green
policies and import
diversification

High – pivot from
Russian pipeline
gas

Limited but rapidly
expanding (e.g.,
FSRUs)

Transitional

Temporary
decarbonization support
amid renewables ramp-
up

United
Kingdom

Market-based
incentives, carbon
pricing

High – flexible
trading hub

Strong LNG import
network through
terminals

Mature
Backup to renewables;
high focus on carbon
capture

Spain
EU incentives for regas
capacity and
interconnectivity

High – liberalized
market

Oversupplied regas
capacity with EU
linkage

Mature
LNG as re-export and
stabilizing mechanism
for EU markets

2.2 LNG Infrastructure and Market Liberalization

LNG infrastructure development has expanded rapidly, mirroring global demand and fostering more liquid and
competitive markets. Infrastructure spans the entire value chain from liquefaction facilities at export hubs to
regasification terminals, pipelines, and floating storage regasification units (FSRUs) at import destinations. As of 2022,
over 130 regasification terminals and more than 30 LNG liquefaction plants were operational worldwide, with dozens
more in planning or construction stages [11].
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The expansion of floating infrastructure, particularly FSRUs, has been pivotal in enabling rapid market entry and flexible
deployment in emerging markets. Countries like Bangladesh, Brazil, and Ghana have adopted FSRUs to avoid costly and
time-intensive onshore terminal development, thereby accelerating access to global LNG markets [12].

Simultaneously, LNG market liberalization has advanced, especially in Asia and Europe. Traditional long-term contracts
typically oil-indexed and destination-restricted are gradually being replaced by shorter-term, hub-linked, and spot-based
contracts. This shift has allowed new market entrants to participate more competitively and respond to price signals more
dynamically [13].

Liberalization has also fostered the emergence of LNG trading hubs. Japan is exploring the establishment of a JKM-
based LNG futures market, while Singapore and the UK’s NBP continue to function as regional benchmarks. These
developments have improved market transparency and enabled more diversified supply portfolios, reducing dependency
on legacy suppliers.

Despite progress, infrastructure disparities persist. Many developing economies lack storage capacity, pipeline
interconnectivity, or regulatory frameworks to support open access. These barriers constrain market fluidity and elevate
supply chain risks.

Thus, while infrastructure buildout and liberalization are creating more agile LNG markets, equitable access and robust
regulatory ecosystems remain critical for sustainable integration. Table 1 highlights how infrastructure readiness and
policy reforms intersect in shaping LNG import viability.

2.3 Current Policy Mechanisms in Leading Economies

Leading LNG-importing countries deploy a range of policy instruments to manage supply security, price stability, and
environmental alignment. These mechanisms influence contract structuring, infrastructure financing, and market
participation often reflecting national energy priorities and decarbonization trajectories [14].

Japan, the world’s second-largest LNG importer, utilizes strategic reserves, subsidy frameworks, and utility procurement
mandates to stabilize supply and mitigate price volatility. The government also supports international investments in
upstream gas assets, particularly in Australia and Southeast Asia, to ensure long-term supply security [15].

In contrast, China adopts a hybrid model combining state-dominated procurement through firms like CNOOC and
Sinopec with liberalized market access for city gas distributors. Recent reforms have promoted third-party access to
terminals and encouraged private sector participation, signaling a gradual shift toward more competitive market
structures [16].

South Korea’s approach emphasizes state coordination through KOGAS, which controls bulk imports and infrastructure.
However, diversification initiatives including spot trading platforms and carbon offset-linked LNG contracts are gaining
traction. India, though less mature, offers import tax waivers, infrastructure subsidies, and sector-specific LNG utilization
incentives to promote adoption across power, transport, and fertilizer sectors.

European policies, especially post-2022, focus on diversification and emissions regulation. The EU’s REPowerEU
strategy includes LNG terminal expansions and joint purchasing schemes, while carbon pricing through the Emissions
Trading System (ETS) pressures LNG importers to manage lifecycle emissions [17].

As shown in Table 1, policy tools vary by market maturity and geopolitical exposure but share common goals: enhancing
energy resilience, reducing market barriers, and aligning LNG with decarbonization pathways. The effectiveness of these
instruments will shape how long LNG remains viable within national energy transitions either as a bridge or a bottleneck.

3. LNG IN GLOBAL ENERGY SECURITY STRATEGY



International Journal of Advance Research Publication and Reviews, Vol 2, no 7, pp 397-422, July 2025 402

3.1 LNG as a Diversification Tool in National Energy Portfolios

Liquefied Natural Gas (LNG) serves as a strategic diversification instrument within national energy portfolios, offering
flexibility, geographic redundancy, and a transitional alternative to more carbon-intensive fuels. Unlike pipeline gas,
which is often constrained by fixed infrastructure and bilateral geopolitical dependencies, LNG enables countries to
access a wider range of suppliers and to adjust their procurement strategies in response to market dynamics [11].

In countries with limited domestic gas production, LNG offers an immediate route to energy diversification without
necessitating long lead times or multilateral infrastructure projects. For example, South Korea and Taiwan have
successfully used LNG to diversify away from oil and nuclear power, integrating it into their baseload generation and
industrial processes [12]. In Europe, LNG has gained urgency as a substitute for Russian pipeline gas following the
Ukraine conflict, with Germany, Poland, and the Netherlands aggressively expanding LNG terminal capacity to reduce
single-source vulnerability [13].

Emerging economies are also embracing LNG for energy diversification. In South Asia, India has positioned LNG as a
key input for fertilizer production, urban transport, and peak power, reducing its coal dependency. Similarly, in Africa,
Ghana and Senegal have adopted LNG to complement hydro and diesel-based generation, ensuring stability during dry
seasons or fuel shortages [14].

Beyond supply diversity, LNG provides operational and price flexibility. Spot markets and short-term contracts allow
buyers to adjust procurement based on economic conditions, demand variability, or environmental targets. This is
particularly valuable for systems with high renewable penetration, where LNG supports balancing and reliability during
intermittency events.

While LNG does not eliminate energy vulnerability, it significantly enhances optionality—enabling states to react to
shocks, diversify energy risks, and align short-term needs with long-term decarbonization pathways. Table 2 outlines
how LNG contributes to supply security across OECD and non-OECD states, varying by import dependency, contract
type, and storage capacity. Figure 2 further contextualizes LNG’s strategic value by mapping global chokepoints and risk
zones, highlighting the importance of diversified access routes for national energy resilience.

3.2 LNG Storage, Contracts, and Strategic Reserves

The reliability of LNG as an energy source is heavily influenced by the robustness of a country’s storage infrastructure,
contractual arrangements, and strategic reserves. Unlike pipeline gas, which often benefits from continuous flow and
buffer capacities, LNG must be carefully managed through regasification facilities and cryogenic storage systems to
ensure consistent availability, especially during peak demand or supply disruptions [15].

LNG storage is typically configured at receiving terminals as part of an integrated system that includes import berths,
storage tanks, and regasification units. Some nations, like Japan and South Korea, maintain extensive LNG storage that
provides up to 20–30 days of backup capacity, enabling them to buffer against market shocks or shipment delays. Others,
particularly in Africa and Southeast Asia, possess minimal storage, increasing exposure to spot price spikes and logistical
bottlenecks [16].

Contract structure also plays a critical role in supply security. Long-term contracts, which account for approximately
70% of global LNG trade, offer price stability and guaranteed volumes, albeit with limited flexibility. Conversely, spot
and short-term contracts provide agility but expose buyers to market volatility and supply competition. In recent years,
hybrid procurement models have emerged combining base-load long-term contracts with discretionary spot purchases to
balance risk and responsiveness [17].

Strategic reserves add an additional layer of resilience. While traditionally associated with oil, LNG reserves are
increasingly viewed as essential in crisis response planning. China, for example, has initiated the development of
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government-controlled LNG stockpiles to mitigate geopolitical and climatic risks. The EU has also encouraged member
states to coordinate on gas storage levels ahead of winter periods to avoid market panic.

As shown in Table 2, countries with diversified contract portfolios, high-capacity storage, and reserve policies exhibit
greater LNG resilience. However, infrastructure financing, geopolitical alignment, and technical readiness remain
barriers for many non-OECD nations. Figure 2 reinforces these disparities by linking LNG transit vulnerabilities with
geostrategic chokepoints such as the Strait of Hormuz and the Suez Canal, where supply interruptions could jeopardize
national energy balances.

3.3 Risk Management: Volatility, Conflict, and Supply Chain Resilience

LNG markets are increasingly exposed to a complex web of risks including commodity price volatility, geopolitical
tensions, and physical infrastructure vulnerabilities. Effective risk management strategies are therefore essential for
governments, utilities, and investors seeking to leverage LNG within a resilient energy framework [18].

Volatility in LNG pricing is driven by fluctuating demand, infrastructure outages, and exogenous shocks such as extreme
weather or pandemics. The shift toward spot trading, while enhancing market flexibility, has also amplified price swings.
For instance, in late 2021, spot LNG prices in Asia soared above $35 per MMBtu, nearly seven times the historical
average, creating financial strain for import-dependent countries like Pakistan and Bangladesh [19].

Geopolitical risks further complicate supply chains. LNG shipments pass through critical maritime chokepoints including
the Panama Canal, Strait of Malacca, and Bab el-Mandeb where congestion, piracy, or conflict can disrupt flows. Figure
2 illustrates these risk zones, showing how conflict zones in the Middle East or tensions in the South China Sea affect
LNG delivery timelines and insurance premiums [17].

Figure 2: Global LNG Transit Risk Zones and Strategic Chokepoints [11]
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This infographic maps critical maritime routes for Liquefied Natural Gas (LNG) transit, highlighting geostrategic
chokepoints such as the Strait of Hormuz, Suez Canal, and the South China Sea. Overlaid risk zones illustrate areas
impacted by regional conflicts, piracy threats, or geopolitical instability, where LNG supply chains face heightened
vulnerability. The map underscores the strategic imperative for diversified LNG access routes to enhance national energy
resilience and mitigate insurance and delivery risks.

Diversifying supply routes and origin countries mitigates some geopolitical risk. The United States, for example, has
become a key swing supplier to Europe and Asia, offering non-OPEC-aligned volumes with more flexible delivery terms.
However, increased reliance on U.S. LNG raises concerns about domestic infrastructure constraints and political
uncertainty tied to export policy [20].

Supply chain resilience also hinges on technical robustness and coordinated governance. LNG infrastructure particularly
FSRUs and floating liquefaction units can be quickly deployed in crisis zones but require specialized crews, maintenance,
and safety protocols. Cybersecurity vulnerabilities in LNG terminals and shipping logistics further present emerging risks,
with attacks potentially disrupting metering, navigation, or billing systems [21].

Many countries are investing in early warning systems, diversified sourcing contracts, and shared infrastructure platforms
to reduce risk exposure. Public-private partnerships, regional coordination, and digital monitoring tools enhance
adaptability and improve response times during crises [22].

As detailed in Table 2, resilience metrics such as procurement diversity, storage sufficiency, and transit redundancy are
more robust in OECD nations, but gaps persist in non-OECD states. Building comprehensive LNG risk governance
systems remains a strategic imperative for achieving long-term energy security amid a volatile global context.

4. DECARBONIZATION PATHWAYS AND LNG’S ROLE

4.1 Methane Emissions, Lifecycle GHG Footprint, and Technological Interventions

While LNG is widely regarded as a lower-carbon alternative to coal and oil, its full climate impact depends on lifecycle
greenhouse gas (GHG) emissions particularly methane leakage across extraction, liquefaction, shipping, regasification,
and end-use stages. Methane, the primary component of natural gas, has a global warming potential approximately 84
times greater than CO₂ over a 20-year period, making even small leaks a major environmental concern [15].

Studies estimate that lifecycle emissions of LNG can vary significantly, from 500 to over 1,200 grams of CO₂-equivalent
per kilowatt-hour depending on origin, infrastructure efficiency, and mitigation practices [16]. Upstream production and
pipeline transport contribute substantially to this footprint, but the liquefaction and shipping phases also account for
notable shares due to energy-intensive cooling and boil-off gas losses. Figure 3 compares LNG's lifecycle emissions
against coal and oil, highlighting that while LNG generally performs better, the margin narrows significantly when
methane leakage is unmitigated.

To address these risks, technological interventions are being deployed. Optical gas imaging (OGI), satellite detection,
and continuous monitoring systems help quantify and localize methane emissions in real-time. Advanced compressors,
dry seals, and zero-bleed pneumatic devices reduce fugitive leaks in processing plants. Additionally, improvements in
liquefaction plant energy efficiency through innovations such as mixed refrigerant cycles and electric drives reduce
carbon intensity during processing [17].

Shipping-related emissions are also being targeted. The adoption of LNG carriers with dual-fuel engines, boil-off gas
reliquefaction systems, and hull optimization has improved transport efficiency and reduced venting. At regasification
terminals, waste heat recovery and low-emission burner systems are being introduced to curtail emissions during gas
conversion and distribution [18].
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Despite these interventions, methane monitoring remains inconsistent across jurisdictions, especially in non-OECD
exporters. Strengthening international guidelines and deploying transparent, verifiable reporting mechanisms will be
essential to ensuring LNG’s credibility as a transitional fuel. Ultimately, closing the emissions gap requires not just
technology but governance frameworks that embed emissions tracking and mitigation into the core of LNG value chains,
aligned with broader climate commitments.

4.2 Blue and Green LNG: Carbon Capture, Hydrogen Blending, and Certification

The evolution of “decarbonized LNG” models primarily through blue and green pathways reflects growing efforts to
reconcile natural gas use with net-zero objectives. Blue LNG refers to conventional natural gas that is processed and
accompanied by carbon capture, utilization, and storage (CCUS) to reduce CO₂ emissions during production and
liquefaction. Green LNG, though less commercially mature, incorporates hydrogen blending or is produced from biogas,
offering significantly lower lifecycle emissions [19].

Blue LNG projects are emerging in Qatar, the United States, and Norway, where carbon capture is integrated into
upstream or liquefaction stages. For example, QatarEnergy’s North Field expansion includes plans to capture over 2
million tonnes of CO₂ annually using amine-based absorption technologies. Similarly, U.S. projects in Louisiana and
Texas are piloting liquefaction units with post-combustion carbon capture and saline aquifer storage, although scalability
remains a challenge [20].

Green LNG initiatives involve blending natural gas with renewable hydrogen, either before liquefaction or at
regasification. In Japan, utilities have trialed blends of up to 20% hydrogen in city gas networks. While blending reduces
the fossil intensity of LNG, it introduces operational complexity due to differing combustion properties and pipeline
compatibility. Biogas liquefaction, though still niche, offers an entirely renewable LNG alternative already in small-scale
use in Sweden and the Netherlands [21].

Certification mechanisms have become central to validating decarbonized LNG claims. Independent carbon accounting
frameworks such as the MiQ Standard or the OGMP 2.0 platform verify methane intensity and capture rates, allowing
producers to market “low-carbon LNG” with third-party assurance. Digital tracking systems and blockchain-based
certificates of origin are also being piloted to ensure transparency across global supply chains [22].

As illustrated in Table 3, several countries have set targets for decarbonized LNG, often as part of broader hydrogen or
CCS strategies. These include Japan’s “Green Growth Strategy,” the EU’s REPowerEU plan, and Canada’s Clean Fuels
Regulations. The credibility of blue and green LNG as climate-aligned options hinges on rigorous certification, scalable
technology, and policy coherence ensuring they serve as genuine tools for transition rather than greenwashed extensions
of fossil fuel systems.

4.3 Policy Alignment with Paris Agreement and Net-Zero Targets

Aligning LNG with the climate goals of the Paris Agreement and national net-zero targets presents both technical and
governance challenges. While LNG has played a critical role in phasing out coal and enabling renewable integration, its
continued expansion risks overshooting the remaining carbon budget unless emissions across the value chain are
substantially mitigated [23].

The Intergovernmental Panel on Climate Change (IPCC) has emphasized that limiting global warming to 1.5°C requires
a 45% reduction in global GHG emissions by 2030 and net-zero by mid-century. Under most modeled pathways, fossil
gas use including LNG must peak before 2030 and decline sharply thereafter, especially in power generation. However,
many current national energy plans continue to support long-term LNG infrastructure investments that may lock in
emissions for decades [24].

To address this misalignment, countries are beginning to embed LNG within climate policy frameworks. For instance,
the EU’s taxonomy for sustainable finance excludes unabated LNG from its green classification, sending a signal to
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investors about the need for emissions control. Canada’s Emissions Reduction Plan conditions LNG project approvals on
lifecycle climate assessments, while South Korea’s updated energy plan phases down LNG in favor of renewables and
hydrogen beyond 2035 [25].

Additionally, carbon pricing mechanisms are shaping LNG’s competitiveness. The EU Emissions Trading System (ETS),
China's national carbon market, and emerging border adjustment mechanisms could increase the cost of carbon-intensive
LNG imports. These instruments incentivize investment in methane control, carbon capture, and cleaner alternatives to
ensure LNG remains compatible with carbon budgets.

International cooperation is also key. Initiatives such as the Global Methane Pledge and the Clean Energy Ministerial Gas
Initiative aim to harmonize measurement, reporting, and verification (MRV) protocols, facilitating cross-border
emissions accountability. These efforts support credible progress tracking and help align LNG flows with nationally
determined contributions (NDCs) under the Paris Agreement.

As shown in Figure 3, LNG’s lifecycle emissions vary significantly depending on infrastructure, source, and mitigation
practices. Table 3 outlines country-level targets and compliance mechanisms designed to ensure LNG aligns with broader
decarbonization strategies. Ensuring policy consistency across energy, climate, and finance domains will be critical for
determining whether LNG serves as a climate bridge or becomes a barrier on the path to net-zero.

5. REGIONAL AND NATIONAL POLICY CASE STUDIES

5.1 United States: LNG Expansion, Trade, and Climate Constraints

The United States has rapidly emerged as one of the world’s largest LNG exporters, leveraging its abundant shale gas
reserves, liberalized energy markets, and geopolitical positioning. From 2016 to 2023, U.S. LNG export capacity grew
from virtually zero to over 14 billion cubic feet per day (bcf/d), driven by investments in Gulf Coast liquefaction
terminals and growing global demand for flexible, non-Russian gas supplies [19]. The majority of U.S. LNG is exported
to Europe and Asia under free-on-board (FOB) contracts, offering buyers greater routing flexibility and pricing tied to
Henry Hub benchmarks.
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This expansion has enhanced U.S. influence in global energy diplomacy, with LNG positioned as a tool for supporting
allies’ energy security. In 2022, following the Russia-Ukraine conflict, the U.S. pledged to supply an additional 15 bcm
of LNG to Europe annually, reinforcing transatlantic energy ties [20]. However, this growth has raised domestic climate
concerns. Environmental groups and some policymakers argue that expanded LNG infrastructure including pipelines and
export terminals risks locking in fossil fuel dependency, increasing methane leakage, and undermining national
decarbonization targets.

The Biden administration has attempted to balance these interests by linking export approvals to environmental
assessments and climate goals. The Department of Energy (DOE) and Federal Energy Regulatory Commission (FERC)
now face greater scrutiny over lifecycle emissions and community impacts when reviewing new LNG projects [21].
Additionally, the Inflation Reduction Act (IRA) supports carbon capture and methane abatement at gas facilities, aiming
to decarbonize supply chains without halting LNG trade altogether.

Nonetheless, opposition persists, especially at the state level. Projects like the Calcasieu Pass 2 (CP2) terminal in
Louisiana have faced legal challenges over their emissions footprint and local health effects. As shown in Figure 4, the
U.S. LNG landscape reflects a dynamic interplay of energy export ambitions, climate commitments, and domestic
political divides. The extent to which U.S. LNG can reconcile trade growth with climate leadership will shape its
credibility in international climate negotiations and its long-term role in the global energy transition.

5.2 European Union: LNG as a Transitional Energy Source

The European Union has undergone a dramatic shift in its approach to LNG, driven primarily by the need to reduce
dependence on Russian pipeline gas. In 2021, over 40% of the EU’s gas imports came from Russia. By the end of 2022,
this figure had fallen below 10%, replaced largely by LNG from the United States, Qatar, and Nigeria [22]. This pivot
has transformed LNG from a supplementary energy source into a critical element of Europe’s energy security strategy.

The EU’s REPowerEU plan, launched in May 2022, explicitly prioritizes LNG infrastructure expansion, including the
construction of regasification terminals in Germany, the Netherlands, and the Baltics. Germany, which had no LNG
import capacity prior to 2022, has since commissioned multiple floating storage regasification units (FSRUs), with plans
for permanent onshore terminals in Wilhelmshaven and Brunsbüttel [23]. These developments reflect a rapid realignment
of Europe’s energy supply chain in response to geopolitical volatility.

At the same time, the EU remains committed to climate neutrality by 2050. This dual mandate energy security and
climate action has led to a classification of LNG as a “transitional” fuel. The EU Taxonomy for Sustainable Finance
permits investments in gas infrastructure under strict conditions, such as compatibility with hydrogen blending and
adherence to emissions intensity thresholds [24]. This framing seeks to balance short-term reliability with long-term
decarbonization.

To manage emissions, the EU leverages regulatory tools such as the Emissions Trading System (ETS) and Methane
Strategy, which impose costs on high-emitting facilities and require improved monitoring, reporting, and verification
(MRV) of methane leaks. The bloc has also introduced a proposal to mandate methane emissions disclosure for imported
gas, which could influence LNG supplier practices globally [25].

Yet tensions remain. Environmental groups argue that new LNG terminals risk stranded assets, while some member
states, like Spain and Ireland, question the compatibility of new gas infrastructure with their national energy plans.
Moreover, high spot prices in 2022–2023 triggered social and industrial pushback, highlighting the volatility risk
inherent in LNG reliance.

As illustrated in Figure 4, Europe’s LNG strategy reflects regional diversity, with countries like France and the
Netherlands adopting different stances on terminal expansion and contract length. The EU’s ability to phase down LNG
use post-2030 while preserving energy resilience will be a key test of its climate and geopolitical coherence.
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Figure 4. Diverging LNG Strategies of the U.S. and Europe [13]

5.3 Asia-Pacific: Import Dependency and Clean Energy Trade-offs

Asia-Pacific represents the world’s largest LNG import market, accounting for over 70% of global LNG consumption in
2022. Countries like Japan, China, and South Korea rely heavily on LNG to meet baseload electricity needs, support
industrial sectors, and complement intermittent renewable energy. This dependency reflects limited domestic gas
resources, dense urban demand centers, and high sensitivity to energy security risks [26].

Japan has long been the world’s top LNG importer, using it to replace nuclear capacity post-Fukushima and manage peak
demand. The Japanese government has also invested in upstream LNG projects in Southeast Asia and the Middle East to
ensure long-term supply stability. Similarly, South Korea’s energy plan continues to prioritize LNG over coal, although
the 10th Basic Energy Plan forecasts a decline in LNG use post-2036 in favor of renewables and hydrogen [27].

China’s approach is more hybrid. While LNG is vital for urban heating, industrial fuel-switching, and regional
diversification, it competes with growing domestic pipeline gas and coal resurgence amid price volatility. In 2021–2022,
record spot LNG prices prompted some Chinese buyers to defer cargoes or switch to coal, revealing the fragility of
LNG’s competitiveness under fluctuating market conditions [28]. China’s energy strategy also emphasizes domestic
energy independence, prompting investments in long-term LNG contracts, domestic shale gas, and renewable capacity.

Southeast Asia presents an emerging frontier for LNG demand. Nations like Vietnam, Thailand, and the Philippines are
investing in LNG terminals to transition from coal and diesel, improve grid reliability, and attract industrial investment.
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However, these projects often face delays due to financing gaps, regulatory uncertainty, and public opposition over
environmental concerns [29].

A major policy challenge across the region is reconciling LNG’s role with climate targets. While LNG helps displace
coal in the short term, many countries lack binding emissions caps or robust carbon pricing mechanisms. Japan’s and
South Korea’s commitments to carbon neutrality by 2050 are not yet fully aligned with their ongoing LNG procurement
strategies. Moreover, transparency in emissions reporting, especially methane leakage, remains limited.

Figure 4 highlights the diversity of Asia-Pacific LNG flows, with supply chains stretching from Australia and the U.S. to
major demand hubs. The region’s energy future hinges on whether LNG can be decarbonized through hydrogen blending,
carbon capture, and improved emissions monitoring or whether it will become a transitional cul-de-sac that delays deeper
energy reforms. These trade-offs will define Asia-Pacific’s contribution to global climate stabilization.

6. TECHNOLOGICAL AND INFRASTRUCTURAL INNOVATIONS

6.1 Floating LNG Terminals and Modular Units

Floating liquefied natural gas (FLNG) terminals have emerged as a transformative solution for offshore gas monetization
and rapid market deployment. These mobile infrastructure platforms provide a cost-effective alternative to traditional
onshore LNG terminals by eliminating the need for extensive pipeline networks and complex permitting processes.
Notably, FLNG units integrate gas treatment, liquefaction, storage, and offloading systems on a single floating facility,
enabling deployment in remote or deepwater locations [23]. Their modular construction allows for flexibility in scaling
production and customizing configurations based on field-specific parameters.

The modularity of FLNG infrastructure supports phased development strategies, reducing initial capital expenditures and
project risk. In particular, small-scale modular LNG units have gained traction in regions where gas demand is seasonal
or fluctuates unpredictably. These compact modules can be shipped, assembled, and operationalized rapidly, making
them ideal for island nations and land-constrained coastal areas [24]. As shown in Figure 3, global adoption of FLNG
units has expanded significantly since 2015, driven by rising gas demand and geopolitical interest in supply
diversification.

An added advantage of modular LNG solutions is their potential integration with renewable energy sources and hydrogen
blending systems. This hybridization strategy supports decarbonization goals while maintaining the reliability of LNG
supply chains [25]. Moreover, emerging designs incorporate digital twin technology to simulate real-time process
dynamics and optimize performance, contributing to operational resilience.

From an economic perspective, modular FLNG systems offer a favorable balance between scalability and lifecycle cost.
According to Table 2, the payback period for FLNG terminals is typically shorter than fixed infrastructure when
deployed in high-demand zones with limited gas infrastructure [26]. These technological and economic benefits position
floating and modular LNG systems as central components in the future of agile, low-emission energy logistics.

Table 2: LNG’s Role in Enhancing Supply Security Across OECD and Non-OECD Countries

Country Type
Import Dependency
Level

Dominant Contract
Type

LNG Storage
Capacity

Contribution to Supply
Security

OECD – High
>80% (e.g., Japan,
Korea)

Long-term fixed-price
deals

Extensive (strategic
reserves)

Critical buffer against
geopolitical shocks

OECD – 40–70% (e.g., Spain, Mix of long- and short- Moderate with Enhances price hedging and
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Country Type
Import Dependency
Level

Dominant Contract
Type

LNG Storage
Capacity

Contribution to Supply
Security

Medium UK) term flexibility backup to pipeline gas

OECD – Low
<40% (e.g., US,
Canada)

Spot-market dominant
Minimal (domestic
production)

Minor role; primarily export-
driven

Non-OECD –
High

>70% (e.g., Pakistan,
Bangladesh)

Long-term with pricing
volatility

Limited and
underdeveloped

Vulnerable to supply
disruptions, price shocks

Non-OECD –
Medium

30–70% (e.g., China,
India)

Growing use of spot
and hybrid contracts

Expanding rapidly
Helps diversify sources and
reduce pipeline reliance

Non-OECD –
Low

<30% (e.g., Brazil,
Egypt)

Spot-based and
seasonal

Minimal
Used as peak demand solution
or hedge against drought

6.2 Smart Pipelines, Digitized Trade, and Blockchain-Enabled Traceability

Pipeline infrastructure, traditionally considered a passive transport medium, is undergoing a profound transformation
with the integration of smart technologies. Smart pipelines are equipped with embedded sensors, IoT-enabled monitoring
systems, and autonomous inspection tools, allowing operators to detect leaks, pressure changes, and corrosion in real-
time [27]. This technological advancement not only enhances operational efficiency but also mitigates environmental
risks through proactive maintenance.

Digitalization is also revolutionizing LNG trade logistics. Traditionally bound by cumbersome documentation and
opaque custody chains, LNG shipments are now tracked through digital ledgers that improve transparency and efficiency.
Advanced pipeline control systems leverage predictive analytics and remote SCADA interfaces to enhance gas flow
regulation across transcontinental networks [28]. This is especially critical as geopolitical shifts push for diversified LNG
supply routes and re-gasification hubs.

Blockchain technology plays a pivotal role in securing LNG transactions by enabling tamper-proof traceability across the
entire supply chain from liquefaction to end-user delivery. Each custody transfer point is cryptographically verified,
ensuring data integrity and authenticity [29]. Smart contracts can automate commercial processes such as payment
settlements, demurrage handling, and compliance documentation, significantly reducing administrative bottlenecks.

As illustrated in Figure 4, blockchain-enhanced LNG supply chains show a 23% improvement in traceability index
scores compared to conventional systems, enhancing both compliance and investor confidence [30]. Moreover, digitized
trade platforms enable spot market visibility and facilitate dynamic pricing mechanisms through real-time data feeds,
aligning with modern energy trading paradigms.

An equally important application of blockchain in LNG pipelines is emissions traceability. Digital tokens can be used to
represent the carbon content or emission factor associated with each gas shipment, allowing stakeholders to track and
offset environmental footprints effectively [31]. When paired with satellite-based methane detection and distributed
ledger systems, the resulting infrastructure supports ESG-aligned reporting and compliance.

In summary, the fusion of smart pipelines with blockchain-enabled trade platforms positions LNG infrastructure as a
digitally agile, transparent, and environmentally responsive energy distribution model fit for future resilience and
accountability.
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6.3 AI for Demand Forecasting and Emissions Monitoring

Artificial intelligence (AI) is rapidly transforming how the LNG sector predicts demand fluctuations and monitors
emissions in real-time. Traditional forecasting models often rely on static economic indicators or historical consumption
data, which can be insufficient in volatile global markets. In contrast, AI models utilize machine learning algorithms that
dynamically incorporate high-frequency variables such as weather patterns, geopolitical signals, and consumption
behaviors to generate more accurate forecasts [32].

By training on multi-year demand cycles and real-time grid input data, AI systems can generate probabilistic demand
scenarios that help LNG suppliers optimize cargo scheduling, storage management, and fleet routing. For instance, AI-
powered tools have demonstrated a 30% reduction in inventory mismatches and unplanned demurrage events [33]. This
predictive intelligence supports both short-term operations and long-term contract negotiations, offering a strategic edge
in competitive LNG markets.

AI also plays a central role in emissions monitoring. Remote sensing data, satellite imagery, and on-site sensor feeds are
continuously ingested into AI platforms to identify methane leaks and greenhouse gas anomalies across LNG terminals,
pipelines, and vessels [34]. Unlike periodic manual inspections, AI enables continuous surveillance, often alerting
operators within minutes of a leak or deviation from emission baselines. This real-time capability is especially critical in
minimizing regulatory penalties and ensuring public safety.

As outlined in Table 3, the integration of AI-based emissions detection platforms has led to a 45% improvement in leak
response times and a 28% decline in annual methane losses across early-adopting LNG operators [35]. Furthermore, AI
facilitates ESG compliance reporting by automatically compiling performance dashboards and generating auditable
emission logs.

The convergence of AI and LNG infrastructure is not limited to analytics. Emerging solutions employ reinforcement
learning to autonomously adjust compressor operations or optimize regasification parameters, ensuring minimal energy
use and thermal losses [36]. This systems-level intelligence enables LNG operations to become both more economical
and environmentally sustainable.

Thus, the application of AI in forecasting and emissions monitoring enhances LNG sector agility, regulatory compliance,
and operational integrity, all while advancing broader climate and decarbonization goals.

Table 3: AI-Enabled Emissions Monitoring and LNG Certification Mechanisms Across Importing Regions

Importing
Region

AI-Based Monitoring
Adoption

Certification
Mechanism

Compatibility With
National Strategy

Decarbonized LNG
Target Year

Japan
High (pilot deployments in
terminals)

METI-endorsed Carbon-
Neutral LNG Label

Aligned with Green
Growth Strategy

2030

European
Union

Moderate to high (mandated
by regulators in select ports)

EU Methane Strategy +
CertifHy

Integrated under
REPowerEU and ETS
revisions

2030–2035

Canada
Early stage (used in shale-
LNG export chain)

Clean Fuels Regulations
(CFR) + ISO 14083

Part of Clean Fuels
Strategy and CCS
investment

2035
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Importing
Region

AI-Based Monitoring
Adoption

Certification
Mechanism

Compatibility With
National Strategy

Decarbonized LNG
Target Year

South Korea
Medium (deployed in city
gas networks)

Korea Gas Emission
Label (proposed)

Supporting green hydrogen
roadmap

2035

China
Pilot scale (select ports and
inland hubs)

Voluntary Green LNG
Pilot Program

Linked to dual-carbon goal
and state ESG standards

2060

United
States

Industry-led (e.g., Project
Canary, MiQ certified)

Market-based (e.g.,
MiQ, TrustWell)

Supports export reputation
and ESG disclosure

No federal target

Highlights:

 45% reduction in leak response times and 28% lower annual methane losses have been achieved through AI-
based detection platforms [35].

 AI applications now generate real-time dashboards and automated audit logs to assist in Environmental, Social,
and Governance (ESG) compliance.

 National decarbonized LNG targets increasingly align with hydrogen roadmaps, carbon pricing, and carbon
capture and storage (CCS) infrastructure plans.

7. POLICY CONFLICTS, ETHICS, AND PUBLIC PERCEPTION

7.1 Conflicting Goals: Energy Security vs. Climate Responsibility

The global LNG trade faces an inherent dilemma: balancing energy security with climate commitments. Many nations
prioritize energy reliability as a geopolitical necessity, particularly during crises such as supply chain disruptions or
regional conflicts [27]. LNG offers an attractive alternative to coal and oil because of its lower carbon intensity, yet its
lifecycle emissions remain significant when factoring in methane leakage during production and transport.

For energy-importing countries, LNG diversification reduces dependency on single-source suppliers, enhancing
resilience against price shocks and political leverage. However, this pursuit often conflicts with international agreements
aimed at decarbonization, such as the Paris Accord, which compels nations to adopt stringent emission reduction targets
[28]. The tension becomes more pronounced in emerging economies, where rapid industrial growth demands stable
energy access to support socioeconomic development. In such contexts, LNG is framed as a “transition fuel,” but critics
argue that continued investments risk carbon lock-in and stranded assets in the medium term [29].

Figure 5 illustrates the projected emission contributions from LNG infrastructure expansion compared to renewable
alternatives under a 2030 scenario. The disparity underscores the challenge: while LNG reduces immediate reliance on
coal, it delays full electrification and renewable integration. Similarly, Table 4 compares carbon intensity metrics
between LNG and alternative fuels, revealing marginal improvements over coal but still significantly higher than green
hydrogen or solar-based power systems [30].
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Table 4: Comparative Carbon Intensity Metrics of LNG and Alternative Fuels

Fuel Type
Carbon Intensity
(gCO₂-eq/MJ)

Emission Category Key Notes

Coal (sub-bituminous) 94–100
High (combustion-
based)

Highest fossil fuel intensity; significant
particulate and SOx/NOx output

LNG (average, lifecycle) 56–63
Medium (fossil-
derived)

Lower than coal (~30–40%) but still fossil-
based; includes methane leakage

Pipeline Natural Gas 50–55 Medium
Slightly lower than LNG; lower liquefaction
and transport emissions

Green Hydrogen
(electrolysis, RE-powered)

<5 Ultra-low
Near-zero emissions; dependent on
renewable electricity input

Blue Hydrogen (with CCS) 10–20
Low–medium (with
mitigation)

Includes upstream CO₂ capture; variable by
CCS efficiency and leakage

Solar PV Electricity ~5–15 Very low
Emissions mainly from panel manufacturing
lifecycle

Wind Power ~3–12 Very low
Minimal operational emissions; depends on
turbine fabrication footprint

Thus, energy security imperatives often drive LNG strategies that contradict national climate pledges. Resolving this
conflict requires policy mechanisms that incentivize methane abatement, carbon capture integration, and renewable-
aligned LNG infrastructure to ensure alignment with net-zero objectives without compromising supply reliability [31].
The policy response will determine whether LNG remains a transitional solution or becomes a barrier to deep
decarbonization.

7.2 Ethical Dimensions of Export to Fragile or High-Risk States

Exporting LNG to politically unstable or conflict-prone regions introduces ethical challenges centered on governance,
equity, and accountability. LNG infrastructure investments in fragile states can perpetuate rent-seeking behavior,
exacerbate corruption, and fuel resource-related conflicts, raising concerns about the moral responsibility of exporting
nations and corporations [32].

For instance, countries with weak institutional frameworks often lack transparent revenue-sharing systems, resulting in
resource wealth failing to benefit local communities. Additionally, LNG revenue streams can strengthen authoritarian
regimes or finance armed factions, thereby undermining international human rights norms [33]. As Table 5 shows, over
18% of global LNG exports in 2024 were destined for countries classified under high-risk governance indices,
underscoring the systemic scale of this issue [34].
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Table 5: Distribution of Global LNG Exports by Governance Risk Classification (2024)

Governance Risk Classification
Percentage of LNG
Export Volume

Representative
Importing Countries

Key Concerns

Low Risk (Stable Governance) 62%
Japan, South Korea,
Germany, Spain

Transparent contracts, regulatory
certainty, ESG alignment

Medium Risk (Transitional
Governance)

20%
India, Brazil, South
Africa, Thailand

Regulatory fluidity, pricing
volatility, infrastructure delays

High Risk
(Fragile/Authoritarian
Governance)

18%
Pakistan, Bangladesh,
Egypt, Myanmar

Contract enforcement risk,
payment defaults, geopolitical
risk

Another ethical consideration is dependency creation. By locking fragile economies into long-term LNG contracts,
exporters risk fostering structural reliance that hampers diversification and renewable adoption. This creates a paradox
where short-term energy security undermines long-term sustainability and sovereignty [35]. Moreover, compliance with
anti-corruption laws such as the U.S. Foreign Corrupt Practices Act or the U.K. Bribery Act adds further complexity, as
firms face reputational and legal risks if involved in opaque transactions.

Addressing these ethical challenges requires multi-tiered interventions: governance capacity-building, adherence to
transparency frameworks like the Extractive Industries Transparency Initiative, and conditional export policies linking
LNG access to measurable social and environmental outcomes [36]. Without such safeguards, LNG trade risks
entrenching inequities while contravening global norms of ethical resource stewardship.

7.3 Community Resistance, Environmental Justice, and Indigenous Rights

Large-scale LNG projects increasingly encounter resistance from local communities and indigenous groups concerned
about environmental justice and cultural heritage. These stakeholders often bear disproportionate environmental burdens
such as habitat disruption, water contamination, and air quality degradation while receiving limited economic benefits
[37].

Indigenous communities, in particular, have raised objections against LNG infrastructure traversing ancestral lands
without adequate consultation or consent, invoking principles enshrined in the UN Declaration on the Rights of
Indigenous Peoples [38]. Failure to uphold Free, Prior, and Informed Consent (FPIC) obligations has sparked litigation
and protests across multiple jurisdictions, delaying or halting project execution [39].

Beyond procedural justice, distributional inequities amplify tensions. Benefits such as job creation often prove temporary,
while long-term risks methane leaks, climate vulnerability, and land dispossession remain localized. Studies also
highlight gendered impacts, with women in affected communities disproportionately bearing the health and caregiving
burdens linked to environmental degradation [40].

From a governance perspective, integrating social impact assessments and participatory planning into project lifecycles is
crucial. Companies that proactively engage stakeholders through transparent dialogue and revenue-sharing mechanisms
exhibit higher project acceptance and reduced litigation risks [41]. Furthermore, as Table 6 indicates, projects
incorporating indigenous co-management frameworks report 35% fewer disruptions compared to conventional
governance models [42].
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Table 6: Project Disruption Rates by Governance Model in LNG and Energy Infrastructure Projects

Governance Model
Average Annual
Disruption Rate (%)

Common Causes of Disruption
Notable Implementation
Regions

Conventional (Top-
down)

22%
Community protests, legal
injunctions, land use conflicts

North America, Southeast
Asia, parts of Africa

Indigenous Co-
Management

14% (35% fewer
disruptions)

Negotiation delays, shared
decision-making pace

Canada, Australia, Norway
(Sámi territories)

Public-Private
Partnership (PPP)

18%
Funding gaps, regulatory
misalignment

Latin America, Eastern Europe

State-led
(Authoritarian)

25%
Forced relocation, security-related
shutdowns

Central Asia, MENA, select
African states

Ultimately, achieving environmental justice in LNG development demands structural reforms that prioritize human rights,
cultural preservation, and ecological integrity over short-term commercial imperatives. Failure to address these
dimensions risks eroding social license and triggering global reputational backlash against the LNG sector.

8. FUTURE-PROOFING LNG POLICY FRAMEWORKS

8.1 Integrated Energy Policy: LNG in Multi-Fuel Strategies

The integration of liquefied natural gas (LNG) into national and regional multi-fuel strategies represents a pragmatic
response to the transitional energy needs of economies shifting from carbon-intensive sources. As countries attempt to
balance energy security, affordability, and decarbonization, LNG offers an interim solution capable of supporting
variable renewable energy (VRE) generation while reducing coal dependency [32]. In multi-fuel energy strategies, LNG
functions as a complementary backup fuel in grid systems increasingly reliant on intermittent solar and wind energy. By
offering dispatchable power, LNG enhances grid resilience and supports the adoption of more ambitious renewable
targets [33].

Furthermore, LNG's role extends to industrial decarbonization, where high-temperature heat remains challenging to
electrify cost-effectively. In steel, cement, and chemical manufacturing, LNG adoption allows incremental emissions
reductions while hydrogen and carbon capture infrastructures mature [34]. Moreover, in maritime and heavy-duty
transport, LNG has found relevance as a transitional fuel that meets International Maritime Organization (IMO) sulfur
regulations while offering lower CO₂ emissions than diesel [35].

Countries with domestic gas reserves are optimizing this transition by promoting integrated energy policies that position
LNG as both an export commodity and a transitional domestic fuel. Nigeria and Egypt, for instance, have integrated
LNG production targets with domestic consumption models, allowing for dual revenue and energy diversification [36].

Policy coherence is essential to preventing stranded assets in LNG infrastructure. Forward-looking national energy plans
now emphasize flexibility in import and regasification terminals, supporting future repurposing for hydrogen or bio-LNG
[37]. This flexibility is crucial as climate finance and institutional investors increase scrutiny on fossil infrastructure
viability [38].
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The multi-fuel strategy thus places LNG in a nuanced role as a bridge fuel, not a destination. To maximize benefits and
minimize lock-in risks, strategic alignment with long-term decarbonization pathways and sector-specific needs is
paramount. Figure 5 illustrates how LNG fits into a harmonized policy framework aligned with broader energy transition
goals.

8.2 Multilateral Agreements, Carbon Tariffs, and LNG Labeling

The evolution of multilateral climate governance has placed LNG at the center of regulatory transformations affecting
global trade. The Paris Agreement’s emphasis on nationally determined contributions (NDCs) has pressured exporting
and importing nations to quantify and report LNG-related emissions within their supply chains [35]. In this context,
carbon border adjustment mechanisms (CBAMs), particularly those pursued by the European Union, are reshaping
market dynamics by applying tariffs based on embedded carbon content [36].

LNG, previously traded as a homogeneous commodity, is now being differentiated by origin, extraction practices, and
methane intensity. Exporters must provide lifecycle carbon data and pursue independent certification to maintain access
to premium markets. The development of LNG carbon labeling frameworks such as the MiQ methane standard and
Carbon-Neutral LNG initiatives has gained momentum as buyers demand emissions transparency [37]. These
certification schemes enable value differentiation and create incentives for producers to reduce flaring and fugitive
methane emissions.

However, harmonization remains a critical challenge. Varying definitions of “low-carbon” LNG, discrepancies in
verification methods, and non-aligned metrics across jurisdictions hinder trade efficiency and increase compliance costs
[38]. The International Energy Forum and the G7 Climate Club have initiated consultations to establish uniform
benchmarks for LNG carbon intensity to facilitate compatibility across carbon pricing schemes [39].

For developing nations, the risk lies in potential exclusion due to limited technological capacity to monitor and report
emissions. Multilateral financial institutions are increasingly called upon to offer technical support and concessional
funding for emissions-monitoring technologies and digital tracking infrastructure [40].



International Journal of Advance Research Publication and Reviews, Vol 2, no 7, pp 397-422, July 2025 417

These shifts also impact financing. Climate-conscious investors and banks are tying lending terms to emissions
disclosures and alignment with the Task Force on Climate-related Financial Disclosures (TCFD) [41]. Table 3 outlines
emerging certification mechanisms and their compatibility with major importing regions.

As LNG becomes embedded in climate trade policies, it transitions from an energy vector to a regulated climate
commodity. Figure 5 visually integrates these dynamics, highlighting how labeling and carbon tariffs influence
governance structures and align with decarbonization imperatives.

8.3 Roadmap to Climate-Compatible LNG Governance

A climate-compatible LNG governance roadmap must address not only emissions but also the policy architecture
necessary for long-term sustainability. The first layer of this roadmap involves embedding lifecycle carbon accounting
(LCA) into regulatory approvals. By requiring full-scope LCA at the permitting stage, governments can prevent
infrastructure lock-in and align projects with net-zero targets [42]. This approach ensures LNG expansion is consistent
with national climate plans.

Secondly, fiscal incentives must reward emissions-reducing technologies across the LNG value chain. These include
electrified liquefaction processes, methane leak detection systems, and carbon capture integration at liquefaction
terminals. Incentive structures should be dynamic, adjusting to market developments and climate goals [43]. Penalties for
persistent flaring or unmitigated emissions should be equally enforced to ensure behavioral change among operators.

Cross-ministerial collaboration is another cornerstone. Environmental, trade, and energy ministries must co-develop
LNG policies through integrated digital platforms that track emissions, trade flows, and financing benchmarks in real
time [44]. Such integration increases transparency and enhances policy adaptability amid changing global standards.

At the subnational level, local authorities can pilot green LNG projects, such as low-emission bunkering facilities and
renewable-powered regasification terminals. These decentralized initiatives serve as laboratories for national policy
scale-up [45]. Additionally, indigenous communities and civil society groups should be engaged in decision-making to
uphold environmental justice and safeguard social license to operate.

International coordination is equally vital. LNG governance should align with mechanisms like Article 6 of the Paris
Agreement, facilitating carbon credit exchange and international cooperation. Multilateral platforms can bridge
governance gaps by promoting knowledge-sharing and funding scalable pilot programs in low- and middle-income
countries [46].

Ultimately, governance must evolve toward anticipatory regulation ready to incorporate new climate science, methane
metrics, and geopolitical shifts. Figure 5 presents a structured framework where policy levers are aligned with emissions
goals and energy security, anchoring LNG within a decarbonized global economy.

9. CONCLUSION

9.1 Summary of Findings and Policy Recommendations

This analysis highlights the challenging and essential role of LNG in existing and new energy transition pathways. In the
context of decarbonizing global energy systems LNG presents itself as either an enabler or a bottleneck depending on
end-use, policy alignment and infrastructure adaptation. Key results from the previous sections show that – although
LNG can help deliver early carbon intensity reductions compared with coal and heavy fuel oil – its compatibility over the
long term with net-zero goals is contingent on stringent policy, technology penetration, and international cooperation.

Omnibus energy policies designed to embed LNG as an enabler in multi-fuel scenarios with renewables and storage can
be a means to grid stability and no-regrets decarbonization of industry. But absent adaptive governance, such integration
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can lead to infrastructure lock-in and misaligned investments. In addition, the advent of carbon border mechanisms,
emissions-based labelling and scrutiny by investors has transformed LNG from a standard commodity to a climate-
conscious trade good.

This progress will generate competitive challenges and opportunities for exporters but for those who are able to show low
methane intensity and lifecycle carbon transparency they will be able to turn the current headwinds into tailwinds.
Governance-wise, synergetic frameworks that consider lifecycle assessments for all energy projects, fiscal incentives for
low-emission infrastructure, and real-time tracking of emissions are needed to ensure that LNG development is consistent
with national and regional climate commitments. Subnational actions and stakeholder participation also need to be given
prominence in order to facilitate inclusive and regionally adjusted transitions.

The following are policy recommendations derived from these findings:

• Governments must require full lifecycle carbon assessments in all LNG licensing and permitting decisions.

• In the longer-term perspective, LNG infrastructure must be designed with convertibility potential to hydrogen, biogas or
carbon capture solutions.

• Multilateral fora should expedite the standardisation of carbon labelling of LNG to encourage free and environmentally
responsible trade.

• Financial institutions should link the evaluation of LNG projects to climate disclosure protocols, and direct investment
towards low-emission technologies.

• National and subnational governments must support decentralized pilots for low-carbon LNG projects to create the
empirical basis and encourage innovation. Ultimately, these measures add up to a thought-out plan that smartly
capitalizes on LNG’s interim advantages while reducing the long-term dangers of reliance on fossil fuels.

9.2 Final Reflection: LNG’s Dual Role as Bridge Fuel and Policy Dilemma

LNG (Liquefied Natural Gas) has long been one of the most contentious – and confusing – elements of the energy
discussion worldwide. With countries balancing the imperatives of securing reliable energy supply and reaching climate
goals, LNG has become both a pragmatic answer and a calculus problem. It has earned the label of a “bridge fuel”
because it has lower carbon emissions than coal or oil and can deliver dispatchable power and industrial heat applications
that are challenging to electrify today.

In this role, LNG is really a stabilising factor in a chaotic and unpredictable transition in energy. But this interim position
is by its nature limited and, if LNG continues to account for a significant share of national energy systems but with no
clear route to cleaner options, the more it risks becoming a longer-term drag. The development of large-scale
infrastructure such as liquefaction terminals, pipelines, and regasification facilities has decades long lives and requires
significant capital investment. That poses the risk of fossil fuel lock-in at a time when deep, long-term climate ambitions
require unprecedented cuts in emissions and systemic changes.

Policymakers have their work cut out for them. On the other side is the need to address high-emission fuel reliance and to
incorporate intermittent renewable energy, which LNG can help enable. The other alternative is the need to avoid
stranded assets and take the reality of how fast energy investment can be deployed given the time for technology to
transition and the lead time necessary to follow new and stringent policies to a zero carbon system. If it is to be a bridge,
that bridge had better go somewhere that is less carbonized, something like decarbonized gases, such as hydrogen, an
expanded set of renewable energy alternatives and strong energy storage.
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Complicating all this is that energy requirements are not uniform worldwide. For developed countries, LNG could be a
hedge or flexibility instrument. It’s frequently regarded as a linchpin of development, a key driver of infrastructure
expansion and higher living standards in the developing world. Any global LNG policy must take account of these
different realities.’ At the end of the day, the future of LNG is a function of the decisiveness and clarity of policy
direction.

With proper planning, innovation and global collaboration, LNG can continue to be a positive transition fuel.
Unimaginatively, it risks entrenching the very carbon constraints the world is desperate to leave behind.
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