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RENTECH, Inc. (Process flow diagram adapted from company technical presentations on Coal-to-Ammonia) : ysuael!
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The Role of Low-Emission Ammonia in Energy Transition

and Sustainable Fertilizer Systems

Abstract and Executive Summary

Over the past decade, the global energy system has undergone
profound structural transformations driven by climate change concerns,
energy security challenges, and the growing need to transition toward
more sustainable and lower-emission development pathways. Within this
evolving landscape, ammonia has emerged as a strategic commodity
linking the energy, industrial, and food sectors, redefining its traditional
role beyond fertilizer production to become a key enabler of the low-
carbon economy.

Ammonia is increasingly attracting global attention due to its
versatility and potential contribution to decarbonization efforts. In
addition to its central role in fertilizer production and food security,
ammonia is gaining momentum as a promising alternative fuel for hard-to-
abate sectors such as maritime transport and energy-intensive industries.
It is also recognized as an efficient hydrogen carrier capable of facilitating
large-scale storage and long-distance transportation of low-carbon energy
across international supply chains.

Despite these opportunities, the future role of ammonia in the
global energy transition remains closely linked to the decarbonization of
its production pathways. Conventional ammonia production, primarily
based on natural gas and coal, remains emissions intensive. As a result, the
industry is gradually shifting toward lower-emission alternatives,
particularly blue ammonia supported by carbon capture, utilization, and

storage (CCUS) technologies, and green ammonia produced using
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renewable electricity and water electrolysis. While blue ammonia is widely
viewed as a practical transitional pathway, green ammonia represents a
long-term strategic solution aligned with global net-zero ambitions.

In this context, the member states of the Organization of Arab
Petroleum Exporting Countries (OAPEC) are well positioned to play a
strategic role in the emerging low-emission ammonia economy. Their
competitive advantages include abundant natural gas resources,
expanding renewable energy potential, established industrial
infrastructure, strategic geographic proximity to major international
demand centers, and extensive experience in global energy trade. These
factors provide significant opportunities for OAPEC member states to
strengthen their position across low-emission ammonia value chains,
including production, export, bunkering, and downstream industrial
applications.

The study finds that the global ammonia market remains strongly
linked to fertilizers and food security, with agricultural applications
continuing to account for most global demand despite the gradual
expansion of emerging energy-related uses. The market is also
characterized by substantial differences in production costs, emissions
intensity, and regional competitiveness, reinforcing the importance of low-
cost and resource-rich producers in shaping future trade dynamics.

The maritime sector represents one of the most promising emerging
areas for ammonia utilization. Ammonia’s carbon-free combustion profile
and relatively established transport and storage infrastructure support its
potential use as a marine fuel capable of contributing to the
decarbonization of international shipping. However, large-scale

deployment remains subject to several technical, economic, safety, and
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regulatory challenges, including fuel costs, toxicity concerns, bunkering
infrastructure requirements, and evolving international maritime
regulations. In this regard, OAPEC member states possess favorable
conditions to develop regional ammonia bunkering hubs and support
future green shipping corridors.

Beyond its role as a fuel, ammonia is increasingly viewed as a
strategic hydrogen carrier capable of connecting renewable energy
production regions with major industrial demand centers through
international low-carbon energy supply chains. This emerging role
highlights the growing importance of integrated infrastructure
development, particularly ports and export terminals that may evolve into
multi-functional clean energy hubs combining hydrogen carrier handling,
bunkering services, and industrial integration.

At the same time, ammonia remains fundamental to global food
security through its central role in fertilizer production. Nevertheless, the
sector continues to face important sustainability challenges related to
nitrogen use efficiency, emissions, and environmental impacts associated
with fertilizer consumption. Addressing these challenges will require
balancing agricultural productivity objectives with environmental
sustainability considerations through technological innovation, efficiency
improvements, and more sustainable production and consumption
patterns.

The study concludes that ammonia is expected to play an
increasingly central role in reshaping global energy and industrial systems
over the coming decades, acting as a critical link between energy security,
industrial transformation, and food security in a low-carbon future.

However, realizing this potential will depend on overcoming several
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interconnected challenges, including high production costs, infrastructure
investment requirements, technology deployment barriers, and evolving
regulatory frameworks. Accelerating the transition toward a sustainable
ammonia economy will therefore require stronger international
cooperation, supportive policy frameworks, innovation, and long-term

investment across the entire value chain.
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OAPEC  Low-Emission Ammonia:

Arab Petroleum Enabling Energy Transition
Exporting Countries o ope
and Sustainable Fertilizer Systems

Wy

Strategic Role Transition Toward Market Dynamics Maritime Decarbonization
Across Sectors Low-Carbon Pathways and Food Security Potential
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The ammonia industry is

Amid global energy gradually shifting from The global ammonia market Ammonia is gaining traction
transformations, ammonia is emissions-intensive production remains closely linked to as a promising marine fuel
emerging as an integrated ;ward Iow-c.a e PwaA. fertilizers and food security, due to its carbon-free
strategic element linking the A s i with most production directed combustion and storage

practical transitional solution,
while green ammonia is
considered the long-term

of the low-carbon economy. strategic pathway supported
by expanding renewable
energy potential.

a Strategic B Fertilizers and Birturs Guilosk
Hydrogen Carrier Sustainability
Ammonia is strongly positioned to become
a strategic pillar in reshaping global energy

and industrial systems over the coming
2 o decades. However, achieving this p ial

toward agriculture. Cost and
emissions disparities reinforce
the competitiveness of
low-cost producers, particularly
in OAPEC member states.

energy, industrial, and agricultural advantages. However, large-

sectors, becoming a cornerstone scale deployment remains
constrained by cost, safety,
infrastructure, and regulatory

challenges.

requires addressing critical challenges, I
including high costs, infi
Jevelof g.and lving regulatory .l
Ammonia acts as an efficient While ammonia is essential f rks, alongside stronger it ion
hydrogen carrier, enabling for food security, improving and i | cooperation to accel
long-distance hydrogen nitrogen use efficiency and the fransifiontiward gyfowscarbopacanomy:
transport across global reducing environmental
supply chains. This highlights impacts require more
the need for integrated sustainable production and
infrastructure, particularly responsible consumption
ports as future energy hubs. practices.
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Lower Emissions i Food Security : Resource Efficiency Investment Opportunities |  Global Cooperation
Supporting cleaner ' Supporting sustainable Optimizing the use of Creating new pathway International cooperation
energy systems. ' agriculture and nutrition. energy and natural : for growth and to accelerate
' : resources. ' innovation. ! the transition.

INFRASTRUCTURE AND PORTS:
" AN INTEGRATED BACKBONE FOR GLOBAL AMMONIA SUPPLY CHAINS *

1. Low-Emission o 5. Distribution and
Ainacnis Podiction 2. Storage and 3. Safe Maritime 4. Ports and Integrated End-Use Applications

(Blue / Green) Liquefaction Transport Infrastructure
E Industry

i
: =P é Maritime Transport

} Energy
Receiving terminals, storage,

bunkering, and integrated h Fertilizers
Produced using natural gas Safe storage and Specialized carriers ensure safety systems at ports.
with carbon capture (blue) liquefaction to -33°C safe, efficient, and reliable = Delivered to diverse sectors
or renewable energy (green). for efficient transport. global delivery. @ n é _'_““ supporting the low-carbon
Safety  Storage  Bunkering M:‘\?\oting economy and food security. |

Ammonia today for a sustainable tomorrow - Powering the transition, fee: the world.
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