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ABSTRACT

The ammonia industry of Trinidad and Tobago (T&T) remains vital to its
national economy, consuming approximately 17% of the country’s total
natural gas supply as of 2023. Given the critical need to align the sector
with global decarbonization efforts, this study evaluates the economic
resilience, energy efficiency trends, and environmental footprint of the
ammonia industry over two decades (2004–2023). Findings indicate that
national ammonia plant utilization rates have declined to roughly 70%
due to persistent natural gas supply constraints, causing energy intensity
to rise to approximately 40.41 MMBtu per metric ton of ammonia
(NH3). However, improved production levels closer to the design capacity
positively correlate with enhanced operational efficiency. Employing the
IPCC (2006) Tier 2 guidelines for greenhouse gas (GHG) accounting,
this study demonstrates that the strategic utilization of ammonia-derived
CO2 in existing downstream processes (urea and methanol synthesis) can
significantly decrease the sector’s net CO2 emissions by approximately
60–80%. Furthermore, the analysis identified promising decarbonization
pathways, including the adoption of carbon capture, utilization, and
storage (CCUS), renewable hydrogen integration, and targeted process
optimization strategies. This research emphasizes the necessity of robust,
data-driven policy frameworks, strategic public-private sector partnerships,
and proactive international collaboration to effectively navigate the
transition toward a lower-carbon ammonia sector. These measures are
crucial for T&T in both environmental stewardships and their competitive
advantage amid evolving global carbon market conditions.
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1. Introduction

Ammonia (NH3) is central to global agriculture, indus-
try, and emerging energy applications. Approximately 80%
of the ammonia produced globally supports nitrogen-
based fertilizers, significantly enhancing crop yields to feed
nearly half of the world’s population [1]. Additionally,
ammonia is crucial for manufacturing plastics, explo-
sives, and pharmaceuticals and is increasingly considered
a viable carbon-neutral hydrogen carrier and maritime
fuel [2]. The global ammonia market, valued at USD 72.3
billion in 2022, is anticipated to expand by 5.8% annually
by 2030 owing to rising food demand and decarboniza-
tion efforts [3]. However, ammonia production remains
fossil-fuel-dependent, contributing approximately 1.8% of

global CO2 emissions, highlighting the urgent need for
sustainable production pathways [1].

Trinidad and Tobago (T&T), a major ammonia exporter
producing over 5.6 million metric tons annually, lever-
ages abundant natural gas resources, utilizing 17% of
its national gas supply for ammonia synthesis via steam
methane reforming (SMR) [4], [5]. This industrial com-
plex, which includes ammonia, methanol, urea, and UAN,
contributes approximately 12% of Trinidad and Tobago
(T&T)’s GDP and supports over 30,000 jobs [6]. However,
this sector faces challenges due to finite gas reserves and
significant environmental impacts. T&T’s ammonia pro-
duction emits 3.5–4.0 MT CO2/MT NH3, exceeding global
benchmarks of 2.2–2.8 MT CO2/MT NH3 due to outdated
infrastructure and suboptimal processes [1], [7].
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Growing global decarbonization efforts, including ini-
tiatives such as the Paris Accord and emerging carbon
border adjustment mechanisms (CBAMs), could threaten
T&T’s competitive market position unless emission stan-
dards are met [8]. Advancements in blue with carbon
capture, utilization, and storage (CCUS) and green
ammonia (renewable hydrogen-based) further shift global
markets, presenting competitive pressure [9]. For T&T,
integrating CCUS technologies or adopting hydrogen-
natural gas hybridization provides pragmatic solutions
to reduce emissions and maintain economic viability
[10], [11]. This study evaluates the ammonia sector of
T&T, examines gas supply dynamics and CO2 utilization
opportunities, and identifies actionable decarbonization
strategies aligned with climate targets.

2. Literature Review

2.1. Global Overview of Ammonia Production and Mar-
ket Dynamics
Ammonia production primarily relies on the century-

old Haber-Bosch process, which transforms global
agriculture through synthetic nitrogen fertilizers. Despite
improvements such as advanced catalysts, waste heat
recovery, and pressure swing adsorption, the process
remains energy-intensive, consuming 1–2% of global
energy and emitting approximately 1.8% of anthropogenic
CO2 [12], [13]. Feedstock choices heavily influence these
emissions, notably in coal-dependent regions such as
China, whose ammonia production generates 2.5–3.5
times more CO2 per ton than gas-based systems [14].

Although approximately 80% of the global ammonia
is utilized in agriculture, new applications in energy stor-
age, hydrogen transport, and maritime fuel are emerging.
Japan, for example, plans a 20% ammonia-coal blend in
thermal power plants by 2030, whereas European projects
assess ammonia as a hydrogen carrier for steel decar-
bonization [1], [15], [16]. However, scaling green ammonia
production through renewable electrolysis remains eco-
nomically and technically challenging [17].

Feedstock availability and policies drive these regional
disparities. Gas-rich nations such as Russia and the U.S.
benefit from competitive pricing, whereas coal-dependent
countries face growing pressure to implement CCUS
[18]–[20]. Countries such as Australia and Saudi Ara-
bia leverage abundant renewable resources to establish
large-scale green ammonia plants, positioning them-
selves as future leaders [21], [22]. Simultaneously, carbon
border adjustment mechanisms (CBAMs) threaten high-
emission ammonia producers, potentially reshaping global
trade [23].

“Blue” ammonia, integrating CCS with conventional
SMR processes, is becoming attractive in regions with
mature gas infrastructure, such as Norway and the U.S.
Gulf Coast [24]. Conversely, green ammonia remains more
expensive but is expected to become cost-competitive by
2030 owing to falling renewable energy and electrolyzer
costs [5], [25]. Hybrid strategies, blending green hydrogen
with conventional SMR production, could provide practi-
cal transitional solutions that are particularly relevant for
gas-dependent nations such as T&T [26].

2.2. T&T’s Petrochemical Ecosystem: Ammonia as a
Strategic Pillar

Supported by its abundance in natural gas reserves,
T&T has established a globally recognized petrochemi-
cal sector, with ammonia serving as a cornerstone of its
industrial landscape [27]. Over the past six decades, a
range of ammonia facilities have been commissioned at
the Point Lisas Industrial Estate, each adopting various
process technologies (e.g., Braun, Fluor, M.W. Kellogg,
and Kellogg Advanced Ammonia Process) and benefiting
from proximity to upstream gas sources. Table I provides
an overview of major ammonia producers, their start-up
years, technologies, and reported capacities according to
the Ministry of Energy and Energy Industries (MEEI) [27].
Key ammonia facilities, including start-up years, capaci-
ties, and technologies, are listed in Table I [28]–[32].

A notable constraint in assessing the T&T’s ammonia
sector is the lack of up-to-date capacity data. Although
Table I reflects official or historically published capacities,
unpublicized debottlenecking projects, partial shutdowns,
or indefinite closures complicate year-to-year compar-
isons. For instance, because of the private operating
agreements of some plants, the base capacities may be
adjusted internally without corresponding public disclo-
sures. Similarly, corporate decisionssuch as those leading
to Nutrien’s partial closuremay not be systematically cap-
tured in national databases and only in company-specific
reports.

Despite these operational and reporting challenges,
ammonia remains a strategic pillar of the petrochemical
ecosystem of T&T. Historically, the sector has contributed
10%–12% of the national GDP while employing thousands
of workers across production, maintenance, logistics, and
ancillary services [33]. Ammonia’s role in T&T’s broader
gas-based industries is further amplified by its downstream
linkages to methanol, urea, and other nitrogen-based prod-
ucts, such as UAN. These interdependencies not only
reinforce T&T’s position as a premier exporter of bulk
petrochemicals but also highlight its influence on state
revenue and foreign exchange earnings.

However, to maintain global competitiveness in the
rapidly evolving energy and fertilizer market, stakeholders
must address persistent data gaps and operational con-
straints. Ongoing natural gas supply volatility has led to
suboptimal utilization rates, raising questions about the
long-term resilience of T&T ammonia plants [34]. More-
over, the advent of CBAM—notably the European Union’s
“carbon tax” on high-emission imports—poses a signif-
icant risk for T&T’s export-oriented ammonia sector if
carbon intensity remains high [35]. Similar levies are under
consideration in other markets, potentially exacerbating
the competitiveness gap for producers operating older and
less efficient plants. As global demand shifts toward low-
or zero-carbon ammonia, accurately tracking each facil-
ity’s capacity, energy intensity, and emissions is essential
for evaluating potential decarbonization strategies and
formulating timely policy interventions.
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TABLE I: Major Ammonia Plants in Trinidad and Tobago: Start-up Years, Technologies, and Annual Production Capacities

Plant Start-up year Technology Capacity (MT
NH3/year)

Description

Yara trinidad limited 1959 Braun 285,000 Ceased operations in 2019 due to global
restructuring [28]

Tringen I 1977 Fluor 500,000 Joint venture between NGC and global
industry partners.

Tringen II 1988 Braun 495,000 Reported production suggests internal
upgrades.

Nutrien 01 1981 M.W. Kellogg 445,000 Formerly PCS; partial closure (340,000
MT) in 2020 [30].

Nutrien 02 1981 M.W. Kellogg 445,000
Nutrien 03 1996 Braun 250,000
Nutrien 04 1998 KAAP 650,000

Point lisas nitrogen limited 1998 KAAP 650,000 Operates under long-term gas contracts.
Caribbean nitrogen company 2002 KAAP 650,000 Proman-led joint venture.

Nitrogen 2000 (N2K) 2004 KAAP 650,000
AUM ammonia 2009 KAAP 650,000 Operated by proman group.

2.3. Environmental Impact and Green House Gas
(GHG) Emissions in Ammonia Production

Ammonia production in T&T generates significant
GHG emissions because of its reliance on SMR, where
CO2 is released during both hydrogen production and nat-
ural gas combustion in high-temperature reformers [36].
According to the IPCC 2006 Guidelines, ammonia-related
emissions fall under the IPPU sector, and given available
national data from the MEEI, the Tier 2 methodology is
most applicable for estimating emissions in T&T [37]. This
method uses the annual ammonia output, fuel consump-
tion data, and carbon content factors to derive emissions
specific to local process conditions.

Studies such as Zhou et al. [38] and Chen et al. [39]
support the IPCC’s Tier 2 application, demonstrating
how detailed sectoral inventories enable both trend track-
ing and mitigation scenario modelling. These studies
show that emissions can be reduced through feedstock
changes, efficiency improvements, and long-term adoption
of CCUS or biorefineries.

IPCC guidelines further simplify accounting by com-
bining feedstock and fuel emissions, allowing the total
SMR-related CO2 to be reported as one figure under
IPPU [37]. While this improves completeness, net emis-
sions could be overestimated if CO2 is reused downstream.
In T&T, the by-product CO2 from ammonia production
is partially consumed during the synthesis of methanol
and urea. However, national reports such as the Third
National Communication (TNC) do not currently reflect
these offsets, leading to potential inaccuracies [40].

Additional complexity arises because some methanol
plants may produce CO2 independently via partial oxida-
tion of natural gas. In the absence of plant-level transfer
data, stoichiometric approximations can be used to esti-
mate CO2 utilization in urea and methanol. Although not
exact, this approach offers a practical solution for inven-
tory refinement until better disaggregated data become
available [41].

2.4. Decarbonization Pathways and Economic Resilience
in Gas-Dependent Economies

Transitioning to low-carbon ammonia in gas-dependent
economies, such as T&T, requires balancing technological
advancement with economic resilience. Blue ammonia,
integrating CCUS with SMR, can reduce CO2 emis-
sions by up to 90%, while green ammonia, derived
from renewable-powered electrolysis, offers zero-emission
output but remains costlier, with cost parity expected post-
2030 [42], [43]. Given T&T’s limited land for large-scale
renewables, fully green pathways may not be feasible in the
short term. However, hybrid solutions—blending renew-
able hydrogen with SMR— represent a pragmatic step
forward [44].

Saygin et al. [45] underscored the importance of
assessing energy efficiency, emissions, and environmental
impacts across ammonia pathways to guide investment.
For T&T, these analyses are critical given the sector’s
centrality to GDP and its exposure to emerging carbon
regulations, such as CBAMs.

It is vital to maintain a reliable gas supply. Cross-border
projects (e.g., Dragon Gas with Venezuela) and LNG
reallocation strategies offer short-term solutions, although
geopolitical risks persist [46]. Simultaneously, the sector’s
overreliance on natural gas raises concerns about diver-
sification. While gas currently yields the highest return
for ammonia production, Mersch et al. [47] estimated
that blue ammonia is approximately 50% more expensive
than conventional gas-based ammonia, with green ammo-
nia even costlier, albeit more viable under CO2 pricing
schemes.

Strategic investments in non-energy sectors or value-
added petrochemicals can hedge against global market
shifts. Complementary policies, such as carbon taxes or
feed-in tariffs, and international partnerships for technol-
ogy transfer are key enablers [48]. However, stakeholder
divergence poses challenges: global operators may resist
green investments, while local communities prioritize
employment and equity [49], [50].

Mechanisms such as T&T’s Just Transition Commis-
sion could mediate these tensions by channelling CCUS
revenues into retraining and community-scale renewable
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projects [51], ensuring a just and inclusive pathway for
decarbonization.

2.5. Economic and Logistical Challenges of Implement-
ing CCUS and Renewable Hydrogen in T&T

Implementing decarbonization pathways such as
CCUS, as well as renewable hydrogen integration, presents
several economic, technical and logistical challenges
specific to T&T. While the theoretical potential for
these technologies has been acknowledged, the practical
feasibility depends heavily on infrastructure readiness,
investment climate, and regulatory support.

2.5.1. CCUS Deployment Constraints
The application of CCUS in T&T, particularly within

the ammonia sector, hinges on the availability of suitable
geological storage, transport infrastructure, and high-
purity CO2 streams. Boodlal et al. (2018) estimated that
T&T can capture approximately 8 million tonnes of CO2

per year from industrial sources, but the development of
storage reservoirs—onshore or offshore—requires com-
prehensive site-specific assessments. Additionally, there is
currently no fully developed legal or regulatory framework
to govern CO2 transport and sequestration [11]. High
capital costs associated with compression, pipeline instal-
lation and long-term monitoring further exacerbate these
barriers.

2.5.2. Renewable Hydrogen Integration
While green hydrogen offers a long-term decarboniza-

tion pathway, its viability in T&T is limited by the current
scale of renewable energy deployment. Electrolysis systems
require stable and low-cost electricity, which is challeng-
ing in the context of T&T’s fossil-fuel-dominated energy
mix [5]. Hydrogen production also demands substantial
investments in water treatment (e.g., desalination), elec-
trolyser systems, and hydrogen storage and distribution
infrastructure. Without a clear national hydrogen policy
or demand-side commitments (such as long-term off-take
agreements), early-stage projects may struggle to achieve
economic viability [40].

2.5.3. Regional Relevance
The University of Trinidad and Tobago’s CCUS feasibil-

ity work highlights the potential for CO2-EOR in depleted
oil fields, but emphasizes that site-specific geotechnical
assessments are needed. Additionally, Caribbean-based
studies show that countries like Barbados and Dominica
are piloting renewable hydrogen and ammonia strategies
using small-scale solar-powered electrolysers and storage
hubs, although scale and export-readiness remain limited.
These experiences underline the importance of financing
mechanisms, cross-sector collaboration, and regulatory
alignment for implementation in small gas-dependent
economies like T&T.

3. Objectives

The primary objective of this study was to critically
assess the ammonia sector in T&T, focusing on its eco-
nomic resilience, environmental impact, and potential

pathways for decarbonization in light of international
trends and drivers. Given the sector’s strategic importance
to the national economy and its significant contribution
to GHG emissions, this review seeks to bridge data gaps,
recommend areas for additional collection, and provide
actionable insights to inform policies and industrial prac-
tices. The objectives of this study are as follows:

1. Quantifying the allocation of natural gas across
T&T’s petrochemical sectors, with a focus on
ammonia production, to understand the sector’s
dependency on finite gas reserves and its implica-
tions for long-term sustainability.

2. The energy intensity of ammonia production at the
national level was assessed by comparing historical
and current trends to identify factors influencing
operational efficiency and resource utilization.

3. Develop the latest GHG inventory for the ammo-
nia sector using the IPCC (2006) Tier 2 guidelines,
accounting for both process and fuel-related CO2

emissions, and identifying the key emission hotspots
within the production process.

4. The extent to which CO2 emissions from ammonia
production can be captured and utilized in the syn-
thesis of ammonia derivatives and methanol from
process stream capture, thereby evaluating the sec-
tor’s contribution to circular carbon practices and its
potential for reducing net emissions.

5. Explore possible technological and policy inter-
ventions, including CCUS and integration with
renewable energy sources, to support the tran-
sition toward low-carbon ammonia production.
Provide evidence-based recommendations for stake-
holders, including policymakers, industry leaders,
and environmental regulators, to enhance the sec-
tor’s competitiveness, while aligning with national
and international climate commitments.

4. Methodology

This study employed a multi-tiered approach to assess,
review, and provide context for the performance and envi-
ronmental impact of T&T’s ammonia sector and identify
its indicative GHG inventory due to downstream uses of
CO2. The analytical steps used in this study are outlined
in Fig. 1, which presents the methodological framework
applied to assess the ammonia sector’s emissions and
performance.

4.1. Data Compilation and Conversion
Monthly natural gas production and utilization data

(MMSCF/day) were obtained from MMEI reports [52].
These data include sectoral allocations to ammonia,
methanol, LNG, power generation, and other minor sec-
tors. To compare consumption on an energy basis, a
conversion factor of 1 MMSCF = 1037 MMBtu was
applied.

First, the monthly MMSCF/day values were multiplied
by the conversion factor to determine the MMBtu/day,
which were then aggregated into an annual figure by scal-
ing to the total number of days in each calendar year
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Fig. 1. Methodological framework for assessing energy trends and CO2 emissions in T&T’s ammonia sector.

between 2004–2023. This step enables the calculation of
yearly sectoral gas consumption and facilitates direct com-
parisons across different petrochemical processes.

4.2. Sectoral Allocation Analysis

Using the annualized MMBtu figure, the fraction of nat-
ural gas allocated to each key sector (ammonia, methanol,
and LNG) was determined using (1), and natural gas
utilization was calculated by sector percentage:

Share of Sector (k) (%)

= Annual MMBtu Consumed by Sector, k
Total Annual MMBtu Produced

× 100% (1)

where discrepancies arose between the total natural gas
produced and total utilized (typically around 4%); possible
reasons are discussed.

4.3. Ammonia Plant Utilization

Individual ammonia plant production data (MT of
ammonia per year) were collected from publicly available
sources (e.g., company reports and industry publications).
Each plant’s published nominal capacity (in MT/year) was
compared with its actual annual output to compute the

capacity utilization rate in (2), calculating the utilization
rate for individual ammonia plants:

Utilization Rate (%)

= Annual Ammonia Production (MT)

Published Capacity (MT)
× 100% (2)

Any observed anomalies, such as production exceeding
publicly stated capacity, were investigated for potential
unpublicized capacity upgrades or reporting discrepancies.

4.4. Energy Intensity of Ammonia Production

A national-level energy intensity or ratio for ammo-
nia production was calculated using (3), similar to other
studies [38], [45], by dividing the total annual MMBtu
of natural gas allocated to ammonia by the total annual
ammonia production (in metric tons), and calculating the
national level energy ratio per ton of ammonia:

Energy Ratio
(

MMBTu
MT NH3

)

= Annual MMBtu of Natural Gas for Ammonia
Annual Ammonia Produced (MT)

(3)
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This ratio served as a proxy for the overall energy
intensity of the ammonia sector in T&T.

4.5. GHG Inventory Estimation
Following the IPCC (2006) Tier 2 Guidelines [37], the

total fuel requirement (TFRi) for fuel type i used in ammo-
nia production is given by (4). Similar methods have been
used in studies cited in the literature [38], [39]. Total fuel
requirement calculation according to IPCC [37]

TFRi =
∑

j

(
APijFRij

)
(4)

where APij is the annual ammonia production (metric
tons) using fuel type i in process j and FRij is the specific
fuel consumption for fuel type i in process j (GJ/tonne
ammonia).

Total Gross CO2 emissions (ECO2) were then computed
in (5), total gross CO2 emissions for ammonia production:

ECO2 =
∑

i

(TFRi × CCFi × COFi) × 44
12

− RCO2 (5)

where TFRi is the total fuel requirement for fuel type i
(GJ), CCFi is the carbon content factor (kg C/GJ), COFi

is the carbon oxidation factor (fraction), 44/12 is the con-
version of carbon (C) to CO2 (molecular mass ratio), and
RCO2 is the mass of CO2 recovered for downstream use
(e.g., urea or methanol).

4.6. CO2 Utilization in Downstream Products
As direct data on CO2 usage for urea and methanol

production at each plant were unavailable, stoichiometric
relationships were used to estimate the volume of CO2

consumed. Two primary reactions are considered in this
study.

• Urea Synthesis:

2NH3 + CO2 → NH2CONH2 + H2O

where the molar masses for CO2 is 44.09 g/mol, and
urea is 60.06 g/mol, every 1 mol of urea formed,
1 mol of CO2 is consumed, thus 1 tonne of urea
requires 44.09/60.06 or 0.73 CO2 per tonne of urea.
• Methanol Synthesis:

CO2 + 3H2 → CH3OH + H2O

where the molar masses for methanol is 32.04 g/mol,
every 1 mol of methanol formed, 1 mol of CO2 is
consumed, thus 1 tonne of urea requires 44.09/32.04
or 1.38 CO2 per tonne of methanol.

Given annual urea and methanol production data [52],
estimates were computed using (6) and (7), respectively.

Equation (6), estimate for CO2 required for urea pro-
duction:

CO2 for Urea ≈ Urea Production (tonnes) × 0.73 (6)

Equation (7), estimate for CO2 required for methanol
production:

CO2 for Methanol ≈ Methanol Production

(tonnes) × 1.38 (7)

Although this study assumes that all urea and methanol
in T&T utilize CO2 derived from ammonia production,
such an assumption may not align with the actual sourcing
of CO2 across all facilities; in practice, not every urea or
methanol plant in T&T relies solely on ammonia-based
CO2. However, applying this assumption allows for a the-
oretical assessment of maximal CO2 utilization and its
corresponding effect on net emissions, where data are not
available.

4.7. Net CO2 Emissions and Intensity
The possible net CO2 emissions attributable to ammo-

nia were determined by subtracting the estimated CO2

used in urea and methanol production from the total
gross ammonia-related CO2 emissions in (8), possible net
CO2 emissions from downstream utilization in Urea and
Methanol production:

Net CO2 =E(ammonia)

CO2
− (CO2 for Urea

+ CO2 for Methanol) (8)

Finally, the net CO2 emissions intensity (MT CO2 per
MT of ammonia) was computed by dividing the net
ammonia CO2 emissions by the total ammonia produc-
tion. Year-to-year variations were analyzed to determine
whether changes stemmed from fluctuations in ammonia
production volumes, shifts in downstream CO2 utilization,
improvements in process efficiency, and/or changes in nat-
ural gas supply constraints. The analysis follows IPCC
(2006) guidelines and excludes other greenhouse gases
(e.g., CH4, N2O). Process emissions from ammonia plants
typically stem from SMR, where the feed stream exhibits
a very high CO2 concentration (often exceeding 95 mol%),
while the fuel stream contains a combustion-related CO2

fraction.

4.8. Data Gaps and Assumptions
A summary of data limitations and assumptions used in

this analysis is provided in Table II. Future studies could
address these issues by collecting more granular data for
T&T.

4.9. Sensitivity and Uncertainty Considerations
While this study provides a national-level assessment

of ammonia production and associated CO2 emissions
in T&T, several assumptions and data limitations intro-
duce inherent uncertainties. Table II previously outlined
key data gaps and assumptions; here, we briefly explore
how deviations from those assumptions could impact the
results.

4.9.1. CO2 Utilization Assumption
This study assumes that all CO2 used in urea and

methanol production is derived from ammonia plants. In
reality, methanol facilities may generate CO2 via partial
oxidation independently. If only 50% of the estimated
downstream CO2 is sourced from ammonia production
(rather than 100%), the calculated net CO2 emissions
would increase by approximately 1.2–1.8 Mt annually,
depending on methanol/urea output in a given year. This
corresponds to a ∼20%–25% increase in net emissions
relative to the current estimates.
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TABLE II: Key Data Gaps and Assumptions in Ammonia Sector Analysis for Trinidad and Tobago

# Gap Description Assumption

1 Plant-specific gas consumption Facility-level gas use unavailable.
National-level data used to approximate
sector-wide averages.

National values reflect average sector
performance.

2 Capacity revisions and retrofits Unpublicized debottlenecking or shutdowns
may skew nominal capacity data.

Published capacity is reasonably
representative.

3 CO2 capture and allocation Lack of plant-level CO2 capture/utilization
data.

All urea/methanol CO2 assumed to come
from ammonia synthesis (best-case
scenario).

4 Downstream production figures Limited disaggregated plant data for
methanol and urea production.

National-level production figures assumed
consistent with stoichiometry.

5 Temporal averaging and reporting Rounding and monthly averaging from
MEEI datasets may introduce minor
discrepancies.

These discrepancies (∼4%) do not affect
core trends.

6 Technology and operational variability Aggregated data masks plant-to-plant
variability in age, efficiency, and
maintenance.

Sector-wide analysis assumed to represent
weighted average conditions.

4.9.2. Plant-Level Efficiency Variation
The national energy intensity ratio assumes sectoral

averages. Literature (e.g., Saygin et al., 2023) suggests
that older SMR-based plants may have energy intensities
10–15% higher than newer plants. If older facilities domi-
nate production during low-output years, the true energy
intensity could be underestimated by 3–5 MMBtu/tonne
NH3.

4.9.3. Production Data Variability
Some plant capacities and outputs were approximated

due to missing or outdated public disclosures. A ±5% error
in ammonia production estimates ( rounding or corporate
reporting lag) would translate to a ±1.8–2.0 MMBtu/-
tonne variation in energy intensity and ±0.15 Mt CO2

fluctuation in gross emission values.

4.9.4. Gas Allocation Rounding
MEEI gas allocation data were averaged monthly and

may mask peak/dip events. A ±4% discrepancy, already
acknowledged, could slightly shift intersectoral trends,
particularly between ammonia and methanol.

4.9.5. Impact on Policy Interpretation
Even accounting for these uncertainties, the overarch-

ing trends—such as the link between low production and
higher energy intensity, or the importance of downstream
CO2 reuse—remain valid. However, these factors highlight
the need for disaggregated plant-level data to support pol-
icy actions and international reporting requirements (e.g.,
under ISO 14064 or IPCC Tier 3 frameworks).

5. Results & Discussion

5.1. Sectoral Analysis

In 2023 (Fig. 2), LNG accounted for 47% of gas con-
sumption, followed by methanol (22%), ammonia (17%),
and power generation (11%). The remainder is distributed
among smaller sectors, including cement, ammonia deriva-
tives, and gas-to-liquid processes. LNG, methanol, and
ammonia remain the backbone of the T&T’s gas economy,

collectively consuming over 85% of the total supply. Nat-
ural gas allocation in 2023 shows LNG, ammonia, and
methanol as dominant consumers (Fig. 2).

Historically (Fig. 3), LNG has maintained a ∼55%
share of national gas use, with methanol and ammonia
at ∼16% each, and power generation at ∼8%. This distri-
bution remained steady until 2014, when gas production
began to decline. In response, T&T prioritized gas alloca-
tion to LNG given its higher export value. Despite these
measures, the output continued to fall, and LNG’s share
of LNG temporarily dipped in 2021 before rebounding in
2022–2023.

These trends reveal persistent challenges in gas supply
security and raise concerns regarding long-term sustain-
ability. T&T’s cross-border efforts, such as the Dragon
Gas Project with Venezuela, may help stabilize supply and
sustain downstream output if geopolitical uncertainties are
resolved [53], [54]. However, such efforts must be paired
with refined gas utilization data and sector-level reporting
to support informed decisions in the transitioning global
energy landscape.

5.2. Plant Utilization
Fig. 4 compares the annual utilization rates of ammonia

plants over two decades, illustrating operational fluctua-
tions and plant-level disparities. Although some facilities
have undergone unpublicised capacity revisions, limiting
straightforward comparisons, several performance pat-
terns are evident. Yara’s plant (green rhombus) operated
consistently above the national average until its 2019 clo-
sure, which impacted the national utilization figures [55].
Tringen I (orange circle) and Tringen II (green cross)
also often exceeded the national average, although Tringen
I experienced a decline between 2011 and 2015 due to
gas shortages, reaching 53% in 2014. Tringen II reported
a throughput above its known design capacity, suggest-
ing possible internal upgrades that were not formally
disclosed.

Nutrient facilities (green circle, blue square before 2018)
maintained utilization above 80% in most years, with
dips in 2022 and 2023. The company’s continued invest-
ment in Trinidad and Tobago, home to over 35% of its
global ammonia output, demonstrates strong confidence
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Fig. 2. Sectoral distribution of natural gas utilization in T&T, 2023 (MMBtu). Production is concentrated, with BPTT and Shell contributing
73% and smaller producers supplying the rest. A gap of ∼4% between production and utilization was noted, likely due to condensate removal,

impurities, system losses, or averaging errors from the MEEI [6]. These discrepancies highlight the need for more
precise accounting in order to guide energy planning.
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Fig. 3. Trends in sectoral natural gas allocation in T&T, 2004–2023.

in the local gas availability and future production [56].
PLNL (purple rhombus) consistently recorded some of the
highest utilization levels, supported by a recently renego-
tiated gas-supply agreement [29], [31]. CNC (green star),
N2000 (dark blue triangle), and AUM complex (dark red

dashed line), all operated by Proman, faced challenges
during 2013–2015 [32]. The AUM complex also recorded
lower ammonia output between 2010 and 2018, although
recent government-Proman negotiations have improved
near-term supply expectations [57].
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Fig. 4. Annual capacity utilization rates across ammonia plants in T&T, 2004–2023.

The national utilization rate (red line) remained sta-
ble until 2011, dipped mid-decade, rebounded in 2019,
and declined again by 2023 owing to renewed gas con-
straints. Outliers, such as Tringen II’s 109% utilization
in 2005, suggest potential internal capacity upgrades
or reporting discrepancies. However, without plant-level
verification, these explanations remain speculative and
warrant further investigation. Future gas supply agree-
ments, including cross-border fields, may improve plant
performance, although the preliminary 2024 data suggest
ongoing volatility [58].

5.3. Energy Intensity

Fig. 5 compares T&T’s total annual ammonia produc-
tion (dark blue bars) with the national-level ratio of natural
gas consumption per ton of ammonia produced (red
line), revealing an inverse correlation between production
volumes and energy intensity. In general, a higher ammo-
nia output corresponds to a lower energy use per ton,
reflecting operational efficiency, whereas lower production
volumes tend to coincide with elevated energy intensity.
The inverse relationship between ammonia production
volumes and energy intensity is depicted in Fig. 5.

From 2005 to 2010, average production exceeded five
million metric tonnes, with the energy ratio steady at
38–40 MMBtu/tonne NH3, indicating efficient operations
supported by reliable gas supplies and stable plant perfor-
mance. However, production declined between 2011 and
2016, and the energy ratio rose to 42–45 MMBtu/ton. This
increase likely resulted from intermittent gas availability
and suboptimal load conditions, which reduced efficiency.
It is hypothesized that older facilities may consume more
energy when operating below design capacity, though
the absence of plant-level operational data limits this
conclusion.

Fluctuations are evident between 2017 and 2023. The
ratio reached a low of approximately 38 MMBtu/tonne in
2019 before rising to 40 MMBtu/tonne–41 MMBtu/tonne
in 2022–2023, which is attributed to renewed gas con-
straints. These inefficiencies underscore how throughput
shortfalls reduce the effective use of the plant infrastruc-
ture and mechanical systems.

As plant-level gas consumption data remain unavail-
able, this analysis draws on national aggregates, which
obscure the variations linked to plant age, technology,
and maintenance practices. Newer plants with modern
controls may perform more efficiently than legacy units
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Fig. 5. National ammonia production and corresponding energy intensity trends, 2004–2023.

that operate under partial loads [48]. A disaggregated
dataset would enhance insights and offer policymakers and
industry stakeholder opportunities to target energy-saving
measures.

Ultimately, the national trend emphasizes the link
between higher ammonia output and better energy effi-
ciency. To support long-term sector viability, T&T must
secure a consistent gas supply and consider targeted
upgrades to aging facilities to reduce energy intensity and
optimize operations under current resource constraints.

5.4. Net CO2 Emissions

5.4.1. Gross CO2 Emissions from Ammonia Production
Fig. 6 presents the annual CO2 emission profile for the

ammonia sector of T&T, distinguishing between gross
emissions from ammonia production (green bars), CO2

utilization in methanol and urea production (dark blue
and orange bars, respectively), and the resulting net CO2

emissions attributed to ammonia (light blue bars). The
gross CO2 emissions represent the sum of process- and
fuel-related emissions, and their fluctuations closely mirror
ammonia production trends. For instance, peak emissions
observed around 2009–2010 align with higher production
volumes, whereas more recent declines reflect reduced
ammonia output owing to natural gas supply constraints
[5]. Gross emissions and estimated CO2 reuse are visualized
in Fig. 6, which highlights key emission sources and sinks.

5.4.2. CO2 Utilization in Methanol and Urea
Methanol synthesis is the most significant sink. In some

years, methanol plants, particularly those integrated with
ammonia complexes, captured as much as 64% of the
available CO2 stream [60]. These facilities capitalize on
the concentrated CO2 byproduct of ammonia synthesis,
thereby substantially offsetting the sector’s gross emis-
sions. Urea production, while also co-located at certain
sites, accounts for a smaller fraction of CO2 reuse, esti-
mated to be approximately 2% of the total generated.

Nonetheless, both processes contribute significantly to
reducing net emissions, especially in years when urea and
methanol outputs are elevated.

5.4.3. Trends in Net CO2 Emissions Intensity
The light-blue bars in Fig. 6 capture the remaining CO2

released into the atmosphere after accounting for these
two utilization streams. Notably, net emissions tended to
decline in years when methanol and urea production was
high, reflecting successful on-site carbon re-utilization.
However, even during such years, the proportion of CO2,
primarily from combustion-related fuel emissions, remains
unutilized. This underscores the persistent opportunities
for expanded carbon capture, utilization, and storage
CCUS initiatives, especially if future investments enable
additional methanol or urea capacity or unlock alternative
downstream applications for CO2 [59].

However, there are data limitations that warrant fur-
ther consideration. The precise composition of the vented
stream—including potential contributions from CH4,
N2O, or other trace gases—was not directly measured,
and plant-by-plant data were unavailable for this analysis.
Consequently, differences in facility design, technology
vintage, and operational efficiency could not be assessed. It
is plausible that older ammonia plants exhibit higher CO2

intensities, whereas newer or recently upgraded facilities
may achieve more effective CO2 capture and utilization.

The findings reinforce that integrated ammonia–
methanol–urea production complexes in T&T are capable
of significantly reducing net emissions through effective
internal reuse of CO2 and can be explored to further
reduce existing emissions to the atmosphere as well as
a revenue source. As the country works to stabilize its
gas supply and decarbonize its industrial base, scaling
up CO2 utilizationvia expanded downstream capacity
or new CCUS pathways is critical for improving the
environmental performance of the ammonia sector and
supporting national sustainability goals.
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Fig. 7. Trends in gross and net CO2 emissions per tonne of ammonia produced in Trinidad and Tobago (2004–2023).

Fig. 7 compares the total ammonia production in T&T
(blue bars) with both net CO2 emissions per ton of ammo-
nia produced (red line) and gross CO2 emissions per ton
(green line), offering insights into the environmental per-
formance of the sector over time. Consistent with earlier
trends, periods of high ammonia output tended to coin-
cide with lower emissions intensity (measured in MT CO2

per MT NH3), suggesting improved operational efficiency
during these years. This relationship supports the notion
that facilities tend to operate more efficiently when running
closer to the design capacity, benefiting from enhanced
thermal integration and optimized energy use. Fig. 7 tracks
year-on-year changes in gross and net CO2 emissions per
tonne of ammonia, revealing operational efficiency trends.

Interestingly, from 2020 to 2023, a divergence between
energy intensity and emission intensity was observed.
Energy consumption per ton of ammonia increased, indi-
cating less efficient fuel use; the net CO2 emissions per ton
of ammonia declined. This suggests a possible offsetting
effect, potentially due to increased downstream CO2 uti-
lization. However, without disaggregated plant data, this
relationship remains hypothetical. Several factors could
explain this anomaly. Upgrades to methanol and urea
plants as well as improved integration between ammonia
production and downstream processes may have enhanced
the sector’s ability to divert CO2 away from atmospheric
release. Selective catalytic reduction (SCR) and emerging
CCUS applications can also contribute to this decline in
net emissions [61].
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In parallel, targeted plant efficiency improvements may
also play a role. Operators may have implemented techno-
logical upgrades, such as improved reformer units, better
catalysts, or enhanced heat recovery systems, all of which
reduce the carbon footprint per unit of output [62]. These
efficiency measures, even when fuel consumption increases
slightly, can lead to reductions in CO2 emissions per ton of
ammonia if more CO2 is captured or reused.

The configuration of operating plants also influences
national emission trends. It is possible that newer, more
efficient facilities were prioritized, while older units were
intermittently operated, although this cannot be con-
firmed in the absence of plant-specific data. This shift in
operational mix could lower the national average emis-
sion intensity. In addition, policy signals and evolving
market dynamics may encourage producers to adopt low-
carbon strategies. For instance, climate-related targets or
feedstock pricing mechanisms may incentivize more sus-
tainable production practices, while the growing demand
for low-carbon ammonia in export markets may drive the
early adoption of emission-reducing technologies [63].

Nevertheless, while national-level data point toward
progress, additional granularity is required to validate
these trends. Disaggregating the national inventory by
plant would help identify which facilities are leading
improvements and where further efficiency gains can be
achieved. Such insights are essential for scaling best prac-
tices and targeting investments in retrofits and new builds.

Ultimately, the data suggest that T&T’s ammonia indus-
try is on a path toward lower net CO2 intensity, but
confirming and sustaining this trajectory will require
improved data collection and adherence to standardized
reporting frameworks such as IPCC or ISO 14064. These
tools can support both national emissions accounting and
international competitiveness while enabling the sector to
strategically decarbonize amid ongoing supply and climate
pressure.

The results demonstrate both the necessity and poten-
tial for decarbonizing T&T’s ammonia sector through a
combination of technological advancements and strate-
gic policy interventions. While current CO2 utilization in
downstream products such as methanol and urea par-
tially offsets emissions, significant opportunities remain to
reduce the sector’s carbon footprint.

One of the most promising avenues is the deploy-
ment of CCUS technology. Given the high-purity CO2

streams from ammonia production, particularly from
SMR, CCUS could capture up to 90% of net process-
related emissions. However, its feasibility hinges on
developing a CO2 transport infrastructure and regulatory
frameworks to support storage, particularly offshore. In
the short term, partial CCUS integration—focusing on
process emissions—offers a cost-effective entry point with
the potential to scale as infrastructure matures. Addition-
ally, increasing the CO2 utilization capacity in methanol
and urea production or exploring new downstream appli-
cations could further enhance carbon circularity.

Another critical pathway involves the gradual integra-
tion of renewable hydrogen into ammonia production.
While full-scale green ammonia may be limited by the

current renewable energy capacity, hybrid models that par-
tially replace natural gas-derived hydrogen with electrolytic
hydrogen can significantly lower emissions. Technologi-
cal improvements in modular electrolyzers and declining
renewable energy costs globally may accelerate this tran-
sition, especially when supported by international climate
finance mechanisms.

Complementary to these measures, energy-efficiency
improvements through process optimization, advanced
control systems, and equipment retrofits can yield immedi-
ate emission reductions. The correlation observed between
high production rates and improved energy efficiency high-
lights the importance of maintaining stable operation to
minimize energy intensity.

Achieving these decarbonization goals requires a robust
policy framework. The emergence of CBAMs in key export
markets, such as the EU, emphasizes the need for verifiable
emission reductions to maintain global competitiveness.
National policies could include carbon pricing, incentives
for CCUS and renewable integration, and support for
energy-efficiency projects. Additionally, fostering public-
private partnerships and participating in international
climate initiatives can attract investment and facilitate
technology transfer.

A long-term national strategy for the ammonia sector,
aligned with T&T’s climate commitments, should set clear
decarbonization targets, outline technology deployment
timelines, and integrate transition principles to support
workforce reskilling and social equity. By embedding
these strategies into broader economic planning, T&T can
strengthen the resilience and sustainability of its ammonia
industry, while contributing meaningfully to global climate
goals.

5.5. Comparative Benchmarking with Other Ammonia
Exporters

To contextualize T&T’s ammonia sector, it’s instructive
to compare emission intensity and trade dynamics with
global peers:

• T&T: Current estimates place its CO2 emissions
at approximately 2.4 t CO2 per tonne of NH3,
as reported using EU CBAM methodology [7].
Export markets like the EU with free emission
allowances declining from ∼1.53 t CO2/t NH3 in
2026 to zero by 2034 underscore escalating compet-
itiveness risks [7].

• Global Benchmarks: Traditional ammonia produc-
tion globally averages between 1.8 to 2.4 t CO2 per
tonne, depending on feedstock and process use [1],
[25]. T&T aligns with the upper end of this range,
indicating relatively higher carbon intensity.

• U.S.—Gray vs. Low-Carbon Ammonia: U.S. con-
ventional (gray) ammonia production emits around
2.3 t CO2 per tonne, largely from natural gas-based
SMR. However, emerging low-carbon (blue/green)
projects—such as a Gulf Coast initiative aiming for
up to 70% emissions reductions by 2030—indicate
rapid decarbonization trajectories

Implications for T&T:
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This benchmarking highlights that T&T’s ammonia
sector remains carbon-intensive relative to decarboniz-
ing competitors, raising flags under CBAM regimes and
anticipating global low-carbon demand. Such contextual
comparison reinforces the urgency for adopting CCUS,
renewable or hybrid hydrogen pathways, and energy effi-
ciency upgrades to improve competitiveness and meet
evolving regulatory thresholds.

6. Conclusion

This study reviews the ammonia sector of T&T,
underscoring its economic significance, reliance on natural
gas, and notable GHG emissions. Despite operational
resilience, ongoing challenges include gas supply con-
straints, energy efficiency variations, and elevated CO2

emissions, which highlight the importance of improved
plant-specific data collection to better understand per-
formance disparities and inform targeted interventions..
Decarbonization strategies such as CCUS, renewable
hydrogen, and process optimization present viable
pathways. Strategic policy, regulatory frameworks, and
international cooperation, especially aligning with carbon
accountability measures such as the EU’s CBAM, are
critical. Addressing carbon intensity proactively ensures
environmental responsibility and economic competitive-
ness and supports T&T’s alignment with national climate
goals and international carbon-pricing initiatives.

7. Summary: Key Findings and Policy Implications

• T&T’s ammonia sector is a major energy and emis-
sions hotspot, consuming ∼17% of national natural
gas and emitting an estimated 2.4 t CO2 per tonne
of NH3, placing it at the upper end of global
intensity benchmarks.

• Plant utilization rates have declined due to natural
gas constraints, reducing efficiency and increasing
energy intensity (up to 40–41 MMBtu/t NH3 in
recent years).

• Downstream reuse of CO2 in methanol and
urea production can offset 60%–80% of gross
ammonia-related emissions, highlighting the value
of integrated production complexes.

• Decarbonization pathways such as CCUS and
green or hybrid hydrogen offer viable mitigation
options, but economic and infrastructure barriers
persist in T&T’s context.

• Comparative benchmarking shows that T&T’s
emissions intensity exceeds low-carbon ammo-
nia projects in the U.S., underscoring risks from
emerging carbon border adjustment mechanisms
(CBAMs).

Recommendations include: enhanced monitoring and
data transparency, targeted process upgrades, policy incen-
tives for low-carbon technologies, and strategic investment
in CO2 reuse and hydrogen readiness.

Acknowledgment

The authors acknowledge the Ministry of Energy and
Energy Industries (MEEI) of Trinidad and Tobago for
creating the public datasets that were essential for this
study. We would also like to express special thanks to
Ms. Amy Clark for assistance with the preparation of this
research paper.

Conflict of interest

The authors declare no potential conflicts of interest
with respect to the research, authorship, or publication of
this article.

References

[1] International Energy Agency. Ammonia technology roadmap:
towards more sustainable nitrogen fertiliser production. 2021.
Available from: https://www.iea.org/reports/ammonia-technology-
roadmap/executive-summary.

[2] Yao H, Guo H, Zhang S, Liu Y, Wang Z. Ammonia as a potential
fuel for low-carbon shipping: opportunities and challenges. Energy
Strategy Rev. 2022;42:100912. doi: 10.1016/j.esr.2022.100912.

[3] Fortune Business Insights. Ammonia market size, share & COVID-
19 impact analysis, by product type (anhydrous ammonia and
aqueous ammonia), by application (fertilizers, refrigerants, phar-
maceuticals, textiles, and others), and regional forecast, 2023–2030.
2023. Available from: https://www.fortunebusinessinsights.com/
ammonia-market-106982.

[4] Statista. Leading exporters of ammonia worldwide in 2022. Avail-
able from: https://www.statista.com/statistics/1391119/ammonia-
leading-exporting-countries/.

[5] International Renewable Energy Agency. Innovation outlook:
renewable ammonia. 2022. Available from: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Inno
vation_Outlook_Ammonia_2022.pdf.

[6] Ministry of Finance, Republic of Trinidad and Tobago. Spotlight
on energy: remarks by PS lashley. 2018. Available from: https://
www.finance.gov.tt/wp-content/uploads/2018/03/PS-Lashley-Spotli
ght-On-Energy.pdf.

[7] Ammonia Energy Association. Trinidad & Tobago: future
production pathways for the world’s largest ammonia exporter.
2022. Available from: https://www.ammoniaenergy.org/articles/
trinidad-tobago-future-production-pathways-for-the-worlds-larges
t-ammonia-exporter/.

[8] International Institute for Sustainable Development. Border car-
bon adjustments and implications for Trinidad and Tobago. 2024.
Available from: https://www.iisd.org/system/files/2024-07/border-
carbon-adjustments-trinidad-and-tobago.pdf.

[9] CEO Today Magazine. Fertiglobe’s $1 billion blue ammonia
expansion hinges on Asian demand. 2025. Available from: https://
www.ceotodaymagazine.com/2025/01/fertiglobes-1-billion-blue-am
monia-expansion-hinges-on-asian-demand/.

[10] Ramsook D, Boodlal D, Maharaj R. A techno-economic quanti-
fication of carbon reduction strategies in the Trinidad and
Tobago power generation sector using Carbon Emission Pinch
Analysis (CEPA). Carbon Manag. 2023;14(1):2227159. doi:
10.1080/17583004.2023.2227159.

[11] Ministry of Energy and Energy Industries, Trinidad and Tobago.
Carbon capture, utilization and storage (CCUS). 2025. Avail-
able from: https://www.energy.gov.tt/our-business/carbon-capture-
utilization-and-storage-ccus/.

[12] Smith C, Hill AK, Torrente-Murciano L. Current and future role of
Haber-Bosch ammonia in a carbon-free energy landscape. Energy
Environ Sci. 2020;13(2):331–44. doi: 10.1039/C9EE02873K.

[13] Hou H, Wang L. Process intensification of ammonia synthesis
loop: current developments and future perspectives. Chem Eng Sci.
2024;287:118246. doi: 10.1016/j.ces.2024.118246.

[14] Why China’s renewable ammonia market is poised for significant
growth, Columbia University center on global energy policy;
2023. Available from: https://www.energypolicy.columbia.edu/
why-chinas-renewable-ammonia-market-is-poised-for-significant-g
rowth/.

Vol 5 | Issue 4 | August 2025 51

https://www.iea.org/reports/ammonia-technology-roadmap/executive-summary
https://www.iea.org/reports/ammonia-technology-roadmap/executive-summary
https://doi.org/10.1016/j.esr.2022.100912
https://www.fortunebusinessinsights.com/ammonia-market-106982
https://www.fortunebusinessinsights.com/ammonia-market-106982
https://www.statista.com/statistics/1391119/ammonia-leading-exporting-countries/
https://www.statista.com/statistics/1391119/ammonia-leading-exporting-countries/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Innovation_Outlook_Ammonia_2022.pdf
https://www.finance.gov.tt/wp-content/uploads/2018/03/PS-Lashley-Spotlight-On-Energy.pdf
https://www.ammoniaenergy.org/articles/trinidad-tobago-future-production-pathways-for-the-worlds-largest-ammonia-exporter/
https://www.iisd.org/system/files/2024-07/border-carbon-adjustments-trinidad-and-tobago.pdf
https://www.iisd.org/system/files/2024-07/border-carbon-adjustments-trinidad-and-tobago.pdf
https://www.ceotodaymagazine.com/2025/01/fertiglobes-1-billion-blue-ammonia-expansion-hinges-on-asian-demand/
https://doi.org/10.1080/17583004.2023.2227159
https://www.energy.gov.tt/our-business/carbon-capture-utilization-and-storage-ccus/
https://www.energy.gov.tt/our-business/carbon-capture-utilization-and-storage-ccus/
https://doi.org/10.1039/C9EE02873K
https://doi.org/10.1016/j.ces.2024.118246
https://www.energypolicy.columbia.edu/why-chinas-renewable-ammonia-market-is-poised-for-significant-growth/


Transforming Ammonia Production Ramsook et al.

[15] Japan Oil, Gas and Metals National Corporation. Ammonia strat-
egy and policy in Japan. 2021. Available from: https://www.jogmec.
go.jp/content/300381295.pdf.

[16] The Royal Society. The role of hydrogen and ammonia in meeting
the net zero challenge. 2020. Available from: https://royalsociety.
org/-/media/policy/projects/climate-change-science-solutions/clima
te-science-solutions-hydrogen-ammonia.pdf.

[17] Sanz-Pérez ES, Arce A, Rodríguez F. Green ammonia: challenges
and opportunities for scalable and sustainable production. Sustain-
ability. 2023;15(2):1623. doi: 10.3390/su15021623.

[18] International Risk Governance Council. Policy brief: regulation of
carbon capture and storage. 2008. Available from: https://irgc.org/
wp-content/uploads/2018/09/Policy_Brief_CCS3.pdf.

[19] U.S. Energy Information Administration. U.S. ammonia prices
rise in response to higher international natural gas prices.
2022. Available from: https://www.eia.gov/todayinenergy/detail.
php?id=52358.

[20] IGU, ARPEL, OLADE. Natural gas in the transition to
low-carbon economies: the case for Latin America and the
Caribbean. 2023. Available from: https://www.olade.org/wp-
content/uploads/2023/04/Gas-White-Paper-IGU-Olade-Arpel-1.
pdf.

[21] Australian Energy Council. Australia’s green hydrogen ambitions:
soldiering on despite adversity. 2024. Available from: https://
www.energycouncil.com.au/analysis/australia-s-green-hydrogen-am
bitions-soldiering-on-despite-adversity/.

[22] NEOM Green Hydrogen Company. Building the world’s largest
green hydrogen plant. 2025. Available from: https://nghc.com/.

[23] Organisation for Economic Co-operation and Development. EU
carbon border adjustment mechanism: what is it, how does it work,
and what are the effects? 2025. Available from: https://www.oecd
.org/en/blogs/2025/03/eu-carbon-border-adjustment-mechanism-w
hat-is-it-how-does-it-work-and-what-are-the-effects.html.

[24] Energy Tracker Asia. Blue ammonia fuel: usage, projects and
future. 2023. Available from: https://energytracker.asia/blue-
ammonia-fuel/.

[25] Oxford Institute for Energy Studies. Fuelling the future: the role of
ammonia in global energy transition. 2024. Available from: https://
www.oxfordenergy.org/wpcms/wp-content/uploads/2024/10/ET40-
Fuelling-the-future-final.pdf.

[26] Ministry of Planning and Development, Trinidad and Tobago. The
roadmap for a green hydrogen economy in Trinidad and Tobago.
2022. Available from: https://www.planning.gov.tt/sites/default/
files/The-roadmap-for-a-green-hydrogen-economy-in-Trinidad-an
d-Tobago%20-%20Nov.%202022.pdf.

[27] Ministry of Energy and Energy Industries, Trinidad and Tobago.
Ammonia. 2025. Available from: https://www.energy.gov.tt/our-
business/lng-petrochemicals/petrochemicals/ammonia/.

[28] Yara International. Yara announces closure of Trinidad
ammonia plant [Press release]. GlobeNewswire. 2019 Nov 13.
Available from: https://www.globenewswire.com/news-release/20
19/11/13/1946603/0/en/Yara-announces-closure-of-Trinidad-ammo
nia-plant.html.

[29] National Gas Company of Trinidad and Tobago. NGC and Trin-
gen sign gas sales agreement [Media release]. 2021. Available
from: https://media.ngc.co.tt/media-release-ngc-and-tringen-sign-
gas-sales-agreement.

[30] Nutrien. Agrium and PotashCorp merger completed, forming
Nutrien: a leader in global agriculture. 2018. Available from:
https://www.nutrien.com/news/press-releases/agrium-and-potashco
rp-merger-completed-forming-nutrien-a-leader-in-global-agricultu
re-1551.

[31] National Gas Company of Trinidad and Tobago. NGC and PLNL
execute a new gas sales contract. n.d. Available from: https://media.
ngc.co.tt/ngc-and-plnl-execute-a-new-gas-sales-contract.

[32] Proman. CNC 2000. 2025. Available from: https://www.proman.
org/companies/cnc-2000/.

[33] Ministry of Energy and Energy Affairs, Trinidad and Tobago.
Downstream gas industry annual report 2012. 2012. Avail-
able from: https://www.energy.gov.tt/wp-content/uploads/2013/11/
Downstream_Gas_Industry_Annual_Report_2012.pdf.

[34] Boodoo C. Post-pandemic natural gas utilization in
Trinidad and Tobago: a sectoral analysis (2020–2023).
European Journal of Energy Research. 2024;4(1):20–33. doi:
10.24018/ejenergy.2024.4.1.134.

[35] Thompson K. The Impact of Climate change on Trinidad and
Tobago’s Balance of Payments. Central Bank of Trinidad and
Tobago; 2023. Available from: https://boj.org.jm/amsconferen
ce54/wp-content/uploads/2023/10/The-Impact-of-Climate-Change-
on-Trinidad-and-Tobagos-Balance-of-Payments_K-Thompson_C
BTT.pdf.

[36] Zhang X, Li K, Wei N, Liu Z, Li Q, & Wang Y. Advances, chal-
lenges, and perspectives for CCUS source-sink matching models
under carbon neutrality target. Carb Neutrality. 2022;1(1):12. doi:
10.1007/s43979-022-00007-7.

[37] IPCC. 2006 IPCC guidelines for national greenhouse gas invento-
ries: A primer. In Eggleston HS, Miwa K, Srivastava N, Tanabe K
(Eds.). Japan: IGES, 2008.

[38] Zhou W, Zhu B, Li Q, Ma T, Hu S, Griffy-Brown C. CO2emissions
and mitigation potential in China’s ammonia industry. Energy
Policy. 2010;38(7):3701–9. doi: 10.1016/j.enpol.2010.02.048.

[39] Chen J, Cheng M, Krol M, De Vries W, Zhu Q, Liu X, et al. Trends
in anthropogenic ammonia emissions in China since 1980: a review
of approaches and estimations. Front Environ Sci. 2023;11:1133753.
doi: 10.3389/fenvs.2023.1133753.

[40] Ministry of Planning and Development. Third National
Communication of the Republic of Trinidad and Tobago to the
United Nations Framework Convention on Climate Change
(UNFCCC). Ministry of Planning and Development. 2021.
Available from: https://unfccc.int/sites/default/files/resource/
THIRD_NATIONAL_COMMUNICTION_TRINIDAD_AND_
TOBAGO.pdf.

[41] Johnson Matthey. Methanol and ammonia coproduction:
Q&As. 2021. Available from: https://matthey.com/document
s/161599/162780/Methanol-and-ammonia-coproduction-QAs.pdf/8
1affc96-b343-b34b-3c08-a69943709304.

[42] The National Gas Company of Trinidad and Tobago Limited
(NGC). Gasco News. 2021. Available from: https://ngc.co.tt/
wp-content/uploads/2021/04/GASCO-News-March-2021-Vol31-N
o1-new.pdf.

[43] The Royal Society. Green ammonia: Policy briefing. 2020. Avail-
able from: https://royalsociety.org/-/media/policy/projects/green-
ammonia/green-ammonia-policy-briefing.pdf.

[44] NGC T&T. Green hydrogen & opportunities for T&T. GasCo
News. 2021. Available from: https://ngc.co.tt/wp-content/
uploads/2021/04/Green-Hydrogen.pdf.

[45] Saygin D, Blanco H, Boshell F, Cordonnier J, Rouwenhorst K,
Lathwal P, et al. Ammonia production from clean hydrogen and
the implications for global natural gas demand. Sustainability.
2023;15(2):1623. doi: 10.3390/su15021623.

[46] Trinidad & Tobago Guardian. Dragon gas deal dead, Cocuina-
Manakin also shelved as US revokes Venezuela gas exploration
licences. 2025. Available from: https://www.guardian.co.tt/news/
dragon-gas-deal-dead-cocuinamanakin-also-shelved-as-us-revokes
-venezuela-gas-exploration-licences-6.2.2277067.e9e4fd7cfa.

[47] Mersch M, Sunny N, Dejan R, Ku AY, Wilson G, O’Reilly S,
et al. A comparative techno-economic assessment of blue, green,
and hybrid ammonia production in the United States. Sustainable
Energy & Fuels. 2024;8(7):1495–1508. doi: 10.1039/d3se01421e.

[48] Ministry of Energy and Energy Industries, Trinidad and Tobago.
A unique approach for sustainable energy in Trinidad and Tobago.
2016. Available from: https://www.energy.gov.tt/wp-content/up
loads/2016/08/A-Unique-Approach-for-Sustainable-Energy-in-Tri
nidad-and-Tobago.pdf.

[49] Deloitte. How to evolve carbon markets for decarbonization
to net zero. 2023. Available from: https://www2.deloitte.com/
us/en/insights/industry/financial-services/how-to-evolve-carbon-ma
rkets-for-decarbonization-to-net-zero.html.

[50] Feiock RC. Carbon policy and governance: exploring local
responses to global climate challenges. Environ Behav.
2024;56(2):151–75. doi: 10.1177/0160449X241249495.

[51] Just Transition for All. Just transition draft policy for an equitable
low carbon future for Trinidad and Tobago. 2022. Available from:
https://justtransitionforall.com/wp-content/uploads/2022/03/Trinid
ad-Tobago-Govt-Draft-Just-Transition-Policy.pdf.

[52] Ministry of Energy and Energy Industries. Publications. 2025.
Available from: https://www.energy.gov.tt/publications/.

[53] Trinidad and Tobago Extractive Industries Transparency Initiative.
EITI report 2014–2015. 2016. Available from: https://eiti.org/sites
/default/files/attachments/tt-eiti-report-2014-2015f-rev21nov16-we
b.pdf.

[54] Williams C. Shell aims to bring gas from Venezuela to Trinidad
in 2026, sources say. Reuters. 2025. Available from: https://www.
reuters.com/business/energy/shell-aims-bring-gas-venezuela-trinida
d-2026-sources-say-2025-03-20/.

[55] Yara International. Annual report 2019. 2019. Available from:
https://www.yara.com/siteassets/investors/057-reports-and-present
ations/annual-reports/2019/yara-annual-report-2019-web.pdf.

[56] Trinidad and Tobago Guardian. Nutrien to further investment
in T&T. 2019. Available from: https://www.guardian.co.tt/news/
nutrien-to-further-investment-in-tt-6.2.887625.a1fc5b8d2c.

Vol 5 | Issue 4 | August 2025 52

https://www.jogmec.go.jp/content/300381295.pdf
https://www.jogmec.go.jp/content/300381295.pdf
https://royalsociety.org/-/media/policy/projects/climate-change-science-solutions/climate-science-solutions-hydrogen-ammonia.pdf
https://doi.org/10.3390/su15021623
https://irgc.org/wp-content/uploads/2018/09/Policy_Brief_CCS3.pdf
https://irgc.org/wp-content/uploads/2018/09/Policy_Brief_CCS3.pdf
https://www.eia.gov/todayinenergy/detail.php?id=52358
https://www.eia.gov/todayinenergy/detail.php?id=52358
https://www.olade.org/wp-content/uploads/2023/04/Gas-White-Paper-IGU-Olade-Arpel-1.pdf
https://www.olade.org/wp-content/uploads/2023/04/Gas-White-Paper-IGU-Olade-Arpel-1.pdf
https://www.olade.org/wp-content/uploads/2023/04/Gas-White-Paper-IGU-Olade-Arpel-1.pdf
https://www.energycouncil.com.au/analysis/australia-s-green-hydrogen-ambitions-soldiering-on-despite-adversity/
https://nghc.com/
https://www.oecd.org/en/blogs/2025/03/eu-carbon-border-adjustment-mechanism-what-is-it-how-does-it-work-and-what-are-the-effects.html
https://energytracker.asia/blue-ammonia-fuel/
https://energytracker.asia/blue-ammonia-fuel/
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/10/ET40-Fuelling-the-future-final.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/10/ET40-Fuelling-the-future-final.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2024/10/ET40-Fuelling-the-future-final.pdf
https://www.planning.gov.tt/sites/default/files/The-roadmap-for-a-green-hydrogen-economy-in-Trinidad-and-Tobago%20-%20Nov.%202022.pdf
https://www.energy.gov.tt/our-business/lng-petrochemicals/petrochemicals/ammonia/
https://www.energy.gov.tt/our-business/lng-petrochemicals/petrochemicals/ammonia/
https://www.globenewswire.com/news-release/2019/11/13/1946603/0/en/Yara-announces-closure-of-Trinidad-ammonia-plant.html
https://media.ngc.co.tt/media-release-ngc-and-tringen-sign-gas-sales-agreement
https://media.ngc.co.tt/media-release-ngc-and-tringen-sign-gas-sales-agreement
https://www.nutrien.com/news/press-releases/agrium-and-potashcorp-merger-completed-forming-nutrien-a-leader-in-global-agriculture-1551
https://media.ngc.co.tt/ngc-and-plnl-execute-a-new-gas-sales-contract
https://media.ngc.co.tt/ngc-and-plnl-execute-a-new-gas-sales-contract
https://www.proman.org/companies/cnc-2000/
https://www.proman.org/companies/cnc-2000/
https://www.energy.gov.tt/wp-content/uploads/2013/11/Downstream_Gas_Industry_Annual_Report_2012.pdf
https://www.energy.gov.tt/wp-content/uploads/2013/11/Downstream_Gas_Industry_Annual_Report_2012.pdf
https://doi.org/10.24018/ejenergy.2024.4.1.134
https://boj.org.jm/amsconference54/wp-content/uploads/2023/10/The-Impact-of-Climate-Change-on-Trinidad-and-Tobagos-Balance-of-Payments_K-Thompson_CBTT.pdf
https://doi.org/10.1007/s43979-022-00007-7
https://doi.org/10.1016/j.enpol.2010.02.048
https://doi.org/10.3389/fenvs.2023.1133753
https://unfccc.int/sites/default/files/resource/THIRD_NATIONAL_COMMUNICTION_TRINIDAD_AND_TOBAGO.pdf
https://matthey.com/documents/161599/162780/Methanol-and-ammonia-coproduction-QAs.pdf/81affc96-b343-b34b-3c08-a69943709304
https://ngc.co.tt/wp-content/uploads/2021/04/GASCO-News-March-2021-Vol31-No1-new.pdf
https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
https://ngc.co.tt/wp-content/uploads/2021/04/Green-Hydrogen.pdf
https://ngc.co.tt/wp-content/uploads/2021/04/Green-Hydrogen.pdf
https://doi.org/10.3390/su15021623
https://www.guardian.co.tt/news/dragon-gas-deal-dead-cocuinamanakin-also-shelved-as-us-revokes-venezuela-gas-exploration-licences-6.2.2277067.e9e4fd7cfa
https://doi.org/10.1039/d3se01421e
https://www.energy.gov.tt/wp-content/uploads/2016/08/A-Unique-Approach-for-Sustainable-Energy-in-Trinidad-and-Tobago.pdf
https://www2.deloitte.com/us/en/insights/industry/financial-services/how-to-evolve-carbon-markets-for-decarbonization-to-net-zero.html
https://doi.org/10.1177/0160449X241249495
https://justtransitionforall.com/wp-content/uploads/2022/03/Trinidad-Tobago-Govt-Draft-Just-Transition-Policy.pdf
https://www.energy.gov.tt/publications/
https://eiti.org/sites/default/files/attachments/tt-eiti-report-2014-2015f-rev21nov16-web.pdf
https://www.reuters.com/business/energy/shell-aims-bring-gas-venezuela-trinidad-2026-sources-say-2025-03-20/
https://www.yara.com/siteassets/investors/057-reports-and-presentations/annual-reports/2019/yara-annual-report-2019-web.pdf
https://www.guardian.co.tt/news/nutrien-to-further-investment-in-tt-6.2.887625.a1fc5b8d2c
https://www.guardian.co.tt/news/nutrien-to-further-investment-in-tt-6.2.887625.a1fc5b8d2c


Ramsook et al. Transforming Ammonia Production

[57] Trinidad Express. NGC, proman trinidad resume gas deal. 2021.
Available from: https://trinidadexpress.com/business/local/ngc-
proman-trinidad-resume-gas-deal/article_e4d4cb6c-a7ba-11eb-ac8
d-1ba1512db004.html.

[58] OilNOW. TT gas output drops below 2 billion cubic feet per day
for the first time in 22 years. 2024. Available from: https://oilnow.
gy/featured/tt-gas-output-drops-below-2-billion-cubic-feet-per-da
y-for-the-first-time-in-22-years/.

[59] Boodlal, D, Alexander, D, Ramsook, D, John, E, & Maharaj, R.
Carbon dioxide capture for geological sequestration—the issues
and decision parameters for T&T’s petrochemical and power gen-
eration CO2 sources. Paper presented at the 14th Greenhouse Gas
Control Technologies Conference (GHGT-14), Melbourne, Aus-
tralia. doi: 10.2139/ssrn.3365592.

[60] Global CCS Institute. Accelerating the uptake of CCS: industrial
use of captured carbon dioxide. 2011. Available from: https://
www.globalccsinstitute.com/archive/hub/publications/14026/accele
rating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf.

[61] Okolie JA, Belmonte LA, Rana R, Nakhla G. Techno-economic
assessment of ammonia production based on biomass gasification
and electrolysis. Processes. 2018;8(9):1144. doi: 10.3390/pr8091144.

[62] Salvi BL, Subramanian KA. Green ammonia production
using renewable energy sources and CO2 sequestration. Fuels.
2023;5(3):528–41. doi: 10.3390/fuels5030028.

[63] Lin N, Wang H, Moscardelli L, Shuster M. The dual role of low-
carbon ammonia in climate-smart farming and energy transition. J
Clean Prod. 2024;469:143188. doi: 10.1016/j.jclepro.2024.143188.

Vol 5 | Issue 4 | August 2025 53

https://trinidadexpress.com/business/local/ngc-proman-trinidad-resume-gas-deal/article_e4d4cb6c-a7ba-11eb-ac8d-1ba1512db004.html
https://oilnow.gy/featured/tt-gas-output-drops-below-2-billion-cubic-feet-per-day-for-the-first-time-in-22-years/
https://doi.org/10.2139/ssrn.3365592
https://www.globalccsinstitute.com/archive/hub/publications/14026/accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf
https://doi.org/10.3390/pr8091144
https://doi.org/10.3390/fuels5030028
https://doi.org/10.1016/j.jclepro.2024.143188

	Transforming Ammonia Production: Evaluating Energy Trends and Carbon Management Strategies in Trinidad and Tobago
	1. Introduction
	2. Literature Review
	3. Objectives
	4. Methodology
	5. Results & Discussion
	6. Conclusion
	7. Summary: Key Findings and Policy Implications
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


