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The Role of Low Carbon Methanol in Energy Transition
Abstract
Cleaner and more sustainable energy sources have become an urgent
necessity rather than a deferred option. This global imperative
underscores the critical need to strike a balance between economic
growth, energy security, and environmental protection. Within this
context, international environmental policies and regulatory frameworks
have emerged as powerful drivers, reshaping the global energy
landscape by steering investments and innovation toward low-emission
solutions aligned with both national interests and international climate
commitments.
Alternative fuels have gained significant traction as essential enablers of
a low-carbon economy. Among these, methanol—in its various forms,
particularly green and blue—has emerged as a highly promising solution
that combines environmental performance, technical flexibility, and
economic viability. Unlike some alternatives that require substantial
infrastructure overhaul, low-carbon methanol can be integrated into
existing systems, making its adoption more practical and cost-effective.
Accordingly, many countries have implemented supportive policies to
accelerate the deployment of methanol as a strategic element in their
clean energy transitions.
The strategic importance of low-carbon methanol lies in its dual
contribution: it plays a key role in decarbonizing emission-intensive
sectors such as transport and heavy industry, while also supporting

circular economy models through enhanced resource efficiency and
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value chain integration across the energy and materials sectors. Guided
by this vision, the present study aims to analyze the technical and
economic potential of green and blue methanol, and to explore their
pivotal role in enabling sustainable energy transitions, in alignment with
global climate commitments and the United Nations Sustainable

Development Goals (SDGs).
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Executive Summary

Amid the growing global focus on transitioning to low-carbon energy
sources, this study offers a comprehensive analysis of the production
and utilization of low-carbon methanol from scientific, technical, and
strategic perspectives, with a particular emphasis on exploring
development opportunities in OAPEC member countries. The study is
organized into three main chapters, each addressing a specific axis
within the low-carbon methanol value chain to ensure holistic coverage
of its production, use, and development.

Chapter One: Carbon Footprint Assessment and Economic Feasibility of
Low-Carbon Methanol Production

Conventional methanol, primarily derived from coal or natural gas, faces
increasing environmental scrutiny due to its high carbon footprint. In
2024, conventional methanol production contributed nearly 10% of total
emissions from the global chemicals and petrochemicals sector,
amounting to 0.3 gigatons of CO2 annually from around 110 million tons
of methanol. Projected growth to 500 million tons annually by 2050 raises
concerns aboutthe climatic impact if fossil-based production continues,
potentially driving emissions over 1.5 gigatons of CO2 annually.
Low-carbon methanol offers a strategic alternative for emission
reduction and sustainability, with two key pathways: blue methanol,
using natural gas combined with carbon capture and storage (CCS), and
green methanol, produced entirely from renewable sources via
electrolysis or biomass conversion. Methanol is categorized into four

types based on production source and technology: brown (from coal,
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highest emissions), grey (from natural gas), blue (natural gas + CCS), and
green (from renewables/biomass, lowest emissions).

Carbon footprint estimations rely on detailed models considering mass
and energy balances, and emissions across the full value chain. Green
methanol can reduce CO2 emissions by up to 95%, nitrogen oxides by
80%, and virtually eliminate sulfur and particulate emissions. Despite
these advantages, global production remains limited to 0.2 million tons
for bio-methanol, and electro-methanol projects are still experimental
due to high costs and technical complexity.

Production cost is heavily influenced by the prices of CO2 and hydrogen.
For BECCS-derived CO2 ($10-50/ton), production costs range from $800-
1600/ton. For DAC ($300-600/ton), costs rise to $1200-2400/ton. Direct
CO2-to-methanol conversion is in early stages, with preliminary cost
estimates ranging from $11.2 to $17.26/kg depending on process
efficiency. Technological advancements, increased investment, and
supportive policy frameworks are expected to improve competitiveness
by 2050, enabling green methanol to become a key component of the
future sustainable energy mix.

Chapter Two: Global Experiences and Arab Initiatives in Low-Carbon
Methanol Production

Production of green and blue methanol is expanding rapidly, driven by
emission reduction goals and sustainability efforts. As of November
2024, nearly 190 active projects globally have been tracked, aiming for a
cumulative production capacity of 39.9 million tons by 2030: 18.7 million

tons from electro-methanol, 13.1 from bio-methanol, and 8.1 from blue
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methanol. Bio-methanol projects lead in implementation due to
technical maturity, while many blue methanol projects remain in
planning stages.

Geographically, China leads in project count, followed by Europe and
North America. Arab nations, including Saudi Arabia, the UAE, and Egypt,
have entered the market as part of national energy diversification
strategies. By 2050, methanol markets are expected to undergo
structural shifts with significant growth across all low-carbon pathways:
bio (30-40 million tons), electro (70-90 million tons), and blue (40-50
million tons). The Arab region is projected to contribute 15-20% of global
bio-methanol output, driven by abundant biomass residues, and 50-60%
of electro-methanol output, supported by renewable energy resources
and low green hydrogen costs. Arab contributions to blue methanol may
reach 20-30% due to gas reserves and CCS infrastructure.

Key projects include Saudi Arabia's NEOM green hydrogen plant, Egypt's
Ain Sokhna economic zone, and UAE clean energy initiatives. Strategic
visions such as Saudi Arabia's Vision 2030, UAE Energy Strategy 2050,
and Egypt's green hydrogen roadmap provide crucial momentum for
these developments.

Chapter Three: Role of Policies and Technologies in Enhancing Low-
Carbon Methanol Use in Transport and Industry

Comprehensive environmental policies and clean technologies have
emerged as pillars of the global shift toward a low-carbon economy,
supported by legislative frameworks, financial incentives, and

international programs. Low-carbon methanol has proven to be a viable
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solution with operational and environmental advantages, integrating
easily into existing energy systems without requiring major infrastructure
changes, unlike hydrogen or ammonia.

Global climate agreements and regulatory trends have transformed the
maritime sector, favoring low-emission fuels. Methanol stands out due to
its lower carbon footprint, minimal retrofit requirements, and
compliance with MARPOL Annex VI standards on SOx, NOx, and
particulate emissions. In road transport, EU emission standards like
Euros 6 and 7 have driven innovation, with methanol used in blends (M15
to M85) or as a neat fuel, as seen in China's large-scale program reducing
urban pollution.

In aviation, methanol serves as a precursor for synthetic jet fuel via
Fischer-Tropsch or Methanol-to-Gasoline technologies, aligned with
ICAO's CORSIA and the EU's ReFuelEU mandates. Technically,
methanol's high oxygen content enables cleaner combustion, though its
lower energy density poses storage challenges. Industrially, methanol is
a precursor to key chemicals such as acetic acid, formaldehyde, and
olefins. Integrating low-carbon methanol into these supply chains
enhances sustainability across the petrochemical sector.

Low-carbon methanol is thus a versatile strategy supporting
decarbonization, economic viability, and environmental integrity across

sectors.
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Conclusions:

1.

Conventional methanol has a high carbon footprint, with rising

emissions projected unless fossil dependence is reduced.

. Low-carbon methanol (green and blue) offers a strategic solution

for sustainable, low-emission energy transitions.

. It shows strong potential as an alternative fuel for transport,

contingent on supportive infrastructure and technology.

. Methanol plays a key role in sustainable petrochemical

production.

Electro-methanoltechnologies remain early-stage but expected to
become more viable by mid-century.

International regulations drive adoption of sustainable fuels;

methanol aligns with IMO, ICAQO, and EU standards.

. OAPEC member states are playing a growing role through national

strategies and energy diversification efforts.

Recommendations:

1.

Increase institutional support and R&D funding for green and blue
methanol technologies, especially low-cost electrolysis and CCS.
Promote public-private partnerships and offer incentives to attract
investment in methanol projects.

Integrate methanol into national energy and sustainability
strategies, including market assessments and policy support.
Develop carbon market platforms and transparent emissions

tracking systems to support investment and innovation.
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5. Update national regulations to facilitate methanol adoption in
energy and transport sectors, including infrastructure
development.

6. Enhance regional and international cooperation on CCS and CO2
reuse to improve economic viability and reduce the carbon

footprint of methanol production.
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