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Abstract

In view of the need to reduce greenhouse gas emissions, urea is many times seen as the most non-

sustainable nitrogen fertilizer. The major reason is the carbon dioxide unity which is part of each urea

molecule and which is set free during application. Furthermore, also ammonia and nitrous oxide
emissions occur when urea is applied on the field.

This paper intends to provide another, or maybe better, and wider view on urea as nitrogen fertilizer

with the target to promote and facilitate the discussion about the future of urea.

The conclusions of this paper are:

v" Reducing greenhouse gas emissions is vital and nitrogen fertilizer products play a significant role,
although the carbon footprint of just the production processes of nitrogen fertilizers is only a limited
part of the total carbon footprint considering the complete life cycle. Improved farm practices and
applying the already available technical solutions to increase the nitrogen use efficiency (inhibitors,
coatings) can reduce significantly the carbon footprint of nitrogen fertilizers in general and urea
more specific. On the other hand for smallholders using urea, advanced inhibition and application
techniques is a challenge. Urea is and will remain a critical fertilizer into the foreseeable future with
respect to provide food security for developing countries and in important crop systems like for
example flooded rice fields, which lead to high ammonia losses and significant methane releases.

v" Both urea as well as ammonium nitrate have their limitations when mixed with other materials. The
misuse of ammonium nitrate-based fertilizers for terrorists’ purposes led to a variety of additional
control measures.

v Ammonium nitrate has a lower nitrogen content than urea resulting in higher transportation, storage
and application costs per ton of nitrogen for producers, traders, retailers and farmers.

v' The increasing availability of low carbon ammonia resulting from the energy transition seems a
perfect step towards low carbon ammonium nitrate based fertilizers. This is especially true for low
carbon blue ammonia as limited investments are required. Low carbon urea can be produced by
consuming carbon dioxide emitted by other sources. For smaller sizes more economical urea
production process schemes are feasible when considering the production of fertilizers like UAN,
UAS and urea based NPKs. Another benefit is the higher added value of these fertilizer products.
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v" Natural gas-rich regions are expected to remain big exporters of urea as these are focused to create
added value to the available natural gas. Large investments are required to make the transition
from natural gas and coal based nitrogen fertilizers to low carbon nitrogen fertilizers, which will
require time as lifetimes of nitrogen fertilizer complexes are 40-50 years.

Introduction

Decarbonizing fertilizers is more and more a topic of discussion these days. Reasons are that low
carbon ammonia seems an attractive starting point for low carbon fertilizers. Food companies and
retailers push for food with lower carbon footprints and more and more fertilizer companies commit to
carbon dioxide reduction targets following the Paris Accords.

Let’s start with describing the global picture. Recently the world did reach 8 billion people and all
predictions show that the world population will grow further to between 10 and 11 billion at the end
of this century [1]. This means some 20% more people than today need food.

Furthermore, increased prosperity generally leads to a higher per capita consumption of meat
products. In case also the global meat consumption will grow, even more crop is required as some 2-
3 kg grain is required for 1 kg of meat. Note that there is a strong (linear) relation between meat
consumption in a country and the gross domestic product per capita. Meat production also leads to
manure, which is typically reused as organic fertilizer reducing the requirement of mineral fertilizers.
Note that manure also leads to significant ammonia and greenhouse gas emissions (methane, nitrous
oxides).

Also, the growing demand for biofuels leads to more crop production requirements leading to a higher
demand for fertilizers. Second generation biofuels should not be in competition with food production.
The totally worldwide available crop area is rather fix and limited so yields should increase and
certainly lower yields are not acceptable in order to preserve the nature areas still available. This also
means that switching to organic agriculture with related lower yields is not a viable route when applied
on a large scale.

Let us also point out the fact that some areas in the world oversupply nitrogen fertilizers leading to
environmental issues, while other areas undersupply leading to famine - 2 billion people suffer from
obesities and 400 million people suffer from starvation. Furthermore, on an average 30% of our food is
wasted, which should be relatively easy to reduce [2].

About half of the nitrogen required by crop is originating from nitrogen fertilizers while the other half is
originating from biological nitrogen fixation. Biotechnology developments will further increase biological
nitrogen fixation in the future. The 4R Stewardship (Right Source @ Right Rate, Right Time, Right
Place®), precision agriculture, and smart farming will reduce the requirements of mineral nitrogen
fertilizers per hectare.

Urea is by vast the most applied mineral nitrogen fertilizer worldwide with a share of about 49% (55
million metric tons of N in 2020), while ammonium-nitrate (AN) and calcium-ammonium-nitrate (CAN)
have a share of 9%, around 10 million metric tons of N in 2020 (both excluding technical applications)

[71.

The production of urea fertilizer involves a controlled reaction of ammonia (NH3) and carbon dioxide
(COy) at elevated temperature and pressure. The molten urea is formed into spheres with specialized
granulation equipment or hardened into a solid prill while falling from a prilling tower. Urea is an
excellent nutrient source to meet the nitrogen demand of plants. Because it readily dissolves in water,
surface-applied urea moves with rainfall or irrigation into the soil. Within the soil, urea moves freely
with soil water until it is hydrolyzed to form ammonium ions. In dry areas and/or areas with sudden
floods the nitrogen losses of urea can be quite high (in some cases up to 50%).

Ammonium nitrate is produced as a concentrated solution by reacting ammonia with nitric acid. The
solution is dropped from a tower and solidifies to form prills or made into granular ammonium nitrate
by spraying concentrated solution onto small granules. Many safety regulations require to mix
ammonium nitrate with some 20% dolomite (CaMg(CQ:),) or forms of limestone (CaCOs) or chalk
(CaCo0z). Since half of the nitrogen is in the nitrate form, which is mobile and taken up directly by the
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roots. The other half is in the ammonium form needs to be nitrified and converted to nitrate by microbes,
providing a delayed-release of nitrogen. The high solubility of ammonium nitrate makes it well-suited
for fertigation and foliar application [6].

Around 70% of ammonia produced globally is used to make fertilizers, with the remainder used for a
wide range of industrial applications, such as plastics and synthetic fibers.

Another major trend touching the ammonia and likely also the nitrogen fertilizer is the transition of the
energy market to renewable energy sources. Ammonia will play a significant role in storing and
transporting this energy and as a low carbon fuel, illustrated by the numerous low carbon ammonia
projects already under construction and in the preparation phase.

Low carbon ammonia can be relatively easy converted into low carbon ammonium nitrate.

So is there a future role for urea ?

Available nitrogen and potential emissions

Nitrogen is a key component of amino acids and proteins. It is also a part of the chlorophyll molecule,
which controls photosynthesis, the solar energy capturing reaction of green plants. Nitrogen and
magnesium (Mg) are the only elements in the chlorophyll molecule that come from the soil. Adequate
supplies of nitrogen are needed to support photosynthesis and to produce proteins in harvested crops.

Nitrogen occurs in a variety of forms in the soil, and may be taken up in different forms by growing
plants. Throughout the growing season, and even between seasons, nitrogen is transformed from one
form to another by various chemical and biological processes. In all these processes some nitrogen is
lost to the atmosphere as Nz, N>O or NH3 which again is converted to N> and N>O in the atmosphere or
when being absorbed in rain. Nitrogen (Nz) in air can also be reacted by lightning and this may lead to
nitrogen deposits in rainfall. Some of the mentioned processes make nitrogen more available to plants,
while others reduce its availability.
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Nitrogen may be lost into the atmosphere from the soil or from growing plants as nitrogen gas (N3),
ammonia, nitrous oxide (N20), or NOx gases; it may be lost as nitrate (NO3") in soil water through
leaching or runoff from the soil surface. In short, nitrogen is a very reactive element as summarized in
the nitrogen cycle diagram in the figure on the right side.

Nitrogen based molecules form numerous biochemical compounds in plants, and play a variety of
significant roles in plant growth and development. This makes nitrogen complicated to manage, but also
provides many opportunities for managing nitrogen. While it is one of the most studied nutrients, in
many ways it remains one of the least understood. Its significance in crop production and in resulting
animal and human food makes it a very important part of nutrient management. As a major component
of amino acids and proteins, as well as other major food components, nitrogen deserves significant
attention.

Nitrogen is also important because of its impact on the environment. In surface water bodies, nitrate-N
is @ major nutrient that supports growth of algae and aquatic plants, which as they die and decompose,
tie up oxygen in the water, creating a hypoxic condition which starves aquatic animals for oxygen.?.
Nitrogen in the soil can also be released into the atmosphere as N,O which is over 300 times as potent
as CO; as a greenhouse gas, or as ammonia gas will get lost to the atmosphere possibly creating fine-
particulate matter and possibly subsequent health issues. An important goal of fertilizer best
management practices for nitrogen is to reduce the release of reactive forms of nitrogen (forms other
than N3) into the environment [6].

In the lifecycle of nitrogen fertilizers, we will also encounter methane (CH4) as it is currently the
predominant mostly applied feedstock for ammonia. Methane is one of the gases emitted by livestock
and manure. Methane is a powerful greenhouse gas.

Note 1) Another source states that Ammonium-N is the culprit for oxygen depletion and disturbing the nutrient
balance favoring blue-green algae blooms poisoning the water body. While nitrates feed both oxygen and nitrogen
to the waterbody, giving good conditions for life in its broad sense. Nitrates also help stop biological methane
production and release.

Life Cycle Analysis

The figure below shows the typical life-cycle of nitrogen fertilizers. Note this figure does not show that
a significant part of the crop is feed for animals, which produce manure creating significant greenhouse
gas emissions. Further it does not show the losses occurring during the exploration and transportation
of the feedstock (mostly natural gas).

N, CO,,N,0,.. CO,,NOX,... NH,, NOj, N,O, N, ... Biomass

Natural gas (feedstock) Fuel Fuel :
Fuel gl(l)nllght
Minerals La r% d

Figure 2: Life Cycle Analysis of Nitrogen Fertilizers
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Nitrogen fertilizer producers focus more on emissions directly and indirectly associated with the
production of nitrogen fertilizers (so called scope 1 and 2 emissions) as for these there are reduction
levels agreed in the Paris Accords. Less attention is paid to the emissions during the production of raw
materials (natural gas) and during application of nitrogen fertilizers - even though these can be quite
significant. For example, Yara indicates that in 2019 only 24% of their emissions originate from the
production of fertilizers (scope 1 and 2) while 24% are related to the raw materials, mainly transport
and production of natural gas. Around 60% are related to the use of their fertilizer products in the
fields[4].

While nitrates are readily available to plants, urea first needs to be transformed to ammonium and then
to nitrate. Nitrate-based fertilizers are associated with less N,O emissions than urea or ammonium-
based fertilizers because N,O is generated in the nitrification process. This holds in low-rainfall regions.
However in wet regions in the world, de-nitrification of nitrates appears to be the dominant process
generating N;O.

Nitrogen Use Efficiency is the main disadvantage for Urea.

Urea and its surface-spreading is associated with considerable nitrogen loss via ammonia volatilization,
which is then lost out of the agronomical cycle and an unnecessary source of significant N,O formation
(1-5% of lost N). Adopting for example subsurface application can decrease ammonia volatilization. The
net effect on emissions will need to be evaluated for different regions, climatic conditions, cropping
systems, and management practices. Lastly, Enhanced Efficiency Fertilizers including fertilizer products
with surface coatings or incorporating inhibitors of nitrification or urease activity can improve nitrogen
use efficiency and substantially reduce ammonia and greenhouse gas emissions.

Now let us focus on the emissions during production.

The figure below shows the block scheme to produce urea, ammonium nitrate and/or the liquid nitrogen
fertilizer urea-ammonium-nitrate (UAN).

Row materials Intermediate products Mineral fertilizers

I . - ¥ : roa .
6 Natural gas Carbon dioxide ”_d }

Figure 3: Block scheme for the production of urea, AN and UAN

Note that for all these three nitrogen fertilizer products only air and natural gas is required.

Ammonium nitrate manufacturing involves converting first ammonia into nitric acid (HNO3), a highly
exothermic process and this conversion process emits N,O, a very powerful greenhouse gas emission.
The N,O emission without catalytic abatement technology is in the range of 4-15 kg N,O/ t HNO3
depending on process, while the EU BAT (with catalytic abatement technology) nitric acid plant N>O
emission amounts to below 1.85 kg N,O/ t HNOs [9]. Best Available Technology N,O-abatement
technology has lowered the emissions to below 0.5 kg N>O/ t HNO:s.

The ammonium nitrate carbon footprint for EU BAT ammonia plants with natural gas as energy source
amounts to 3.6 kg COzeq per kg nitrogen of which one third is attributed to the N,O emissions from the
nitric acid plant [9].

The figure below shows the carbon footprint in kg COzeq per kg nitrogen for urea and ammonium nitrate
in various regions in the world and with different feedstocks.
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Carbon footprintin kg CO,eq per kg N

Source: Yara Fertilizer Industry Handbook 2022
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The figure shows the impact of the emissions of the very powerful greenhouse gas N>O from the nitric
acid plant when producing ammonium nitrate, which results in a potentially larger carbon footprint than
caused by the carbon dioxide molecule in urea. However, applying Best Available Technology N>O-
abatement technology will result in a similar, somewhat lower, carbon footprint for ammonium nitrate
compared to urea (refer to the Urea EU27 and AN EU27 levels in the figure).

The carbon footprint of urea is partly determined by the unavoidable carbon dioxide molecule captured
in the urea molecule and emitted during application. While the carbon footprint of ammonium nitrate is
significantly influenced by the nitrous oxide emission of the nitric acid plant. Note that any carbon dioxide
tax will influence both urea as well as ammonium nitrate prices.

Furthermore, the carbon footprint of urea and ammonium nitrate is very much depending on the
feedstock. The figure shows the carbon footprint of Chinese urea and ammonium nitrate plants based
on coal gasification and based on natural gas. The Chinese government intends to use the cleaner fuel
natural gas for power production located close to the cities and coal rather as feedstock for the chemical
industry and power generation located in more remote areas like Inner Mongolia.

Currently just over 70% of the ammonia production is via natural gas-based steam reforming, while
most of the remainder is via coal gasification. Nearly all ammonia production from coal is in China. About
85% of the country’s ammonia production is via coal gasification. Much smaller amounts of ammonia
are produced via coal gasification in the United States, South Africa and Indonesia.

The applied urea process technology influences the carbon footprint. The red line in the figure below
shows that over time the specific energy consumption (and thus carbon footprint) decreased with a
stepwise reduction during the 1970’s energy crisis (invention of the stripper) and recently with the
Stamicarbon Ultra Low Energy process technology.
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Figure 5: Design capacity (blue) and specific steam consumption of urea in time

The blue line shows the continuous increase in commercially applied design capacity as a result of the
economy of scale which is very important for a commodity product like nitrogen fertilizers.
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Figure 6: Applied urea process technologies (2015)

The figure above shows that in 2015 more than 40% of all urea plants had the conventional technology
with relatively high energy consumption figures. One has to realize that one cannot just simply change
the process, this needs investment and technical expertise. Once a plant is designed and operated,
these are barriers for changing.

A similar situation is valid for nitric acid plants: In some parts of the world, N.O abatement catalysts
have been installed on most nitric acid plants. This includes Europe, largely due to policies such as the
LVIC AAF BAT emission scheme (Large Volume Inorganic Chemicals: Ammonia, Acids, and Fertilizers
Best Available Technologies, 2007) and the EU emissions trading system, as well as China and a number
of other developing economies through the Clean Development Mechanism under the Kyoto Protocol
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[10]. Largely as a consequence of these policies and available technologies, nitrous oxide emissions
from nitric acid and adipic acid production fell by 55% from 1990 to 2010. Further deployment of such
N.O abatement technologies, particularly in regions where they are not yet widespread, will be an
important and relatively easy-to-implement step in reducing the overall greenhouse gas footprint of
nitrate-based nitrogen fertilizers.

One has to realize that a particular crop requires more nutrients than only nitrogen; other major
nutrients are phosphates, potassium, and sulfur. The carbon footprint of a crop is thus also influenced
by these other nutrients. Alternatives like biological nitrogen fixation by cover crops or crop rotation is
a way to reduce the need for mineral nitrogen fertilizer and thus lead to a reduction of the carbon
footprint of a crop.

Safety and compatibility
Both urea as well as ammonium nitrate have their limitations when mixed with other materials.

The misuse of AN-based fertilizer for terrorists’ purposes led to a variety of additional control measures.

Nitrogen content

Urea is the solid nitrogen fertilizer with the highest nitrogen content: 46 wt%. Fertilizer Grade
Ammonium Nitrate (FGAN) has usually 33-34 wt% nitrogen but after the addition of 20 wt% dolomite
its nitrogen content is max 27-28 wt%, although some regions may allow the addition of just 10 wt%
dolomite.

In the commodity market like solid nitrogen fertilizers, transportation costs are significant. For example,
transportation costs from China to the USA can vary between 60 and 200 USD per metric ton depending
on the market conditions. Switching from urea to ammonium nitrate will lead to higher transportation,
storage and application costs per ton of N for producers, traders, retailers and farmers.

Recent new urea and ammonium nitrate complexes

Natural gas-rich regions generally tend to be big exporters of urea. Urea is a global fertilizer and is more
traded than ammonia. Global trade of urea was 52.4 million tonnes in 2021. The main urea exporters
are gas-rich countries/regions with small domestic markets. However, there are some exceptions. China
has huge domestic capacity. Although the main purpose is to supply the domestic market, there has in
recent years been excess capacity resulting in exports.

Countries or companies with abundant natural gas resources can choose to export natural gas in the
form of LNG or upgrade the natural gas by converting it into ammonia and/or urea. This is what one
can see happening in Qatar and Iran and the FSU.

Urea seems to be a more simple and easy choice as a nitrogen fertilizer product when comparing it with
ammonium nitrate which may be significantly determined by the additional regulations associated with
ammonium nitrate. Climatic conditions influence the choice as well.

This figure below shows the number of new ammonia/urea complexes during the last three decades.
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These nitrogen fertilizer complexes based on natural gas (or in China coal gasification) are typically
large-scale complexes
with CAPEX figures of
several billion US dollars.
The figure on the left side
shows the ammonia, nitric
acid, urea complex of CF
Industries Donaldsonville
in the United States. Such
complexes typically have
a lifetime of 40-50 years.

Figure 8: CF Industries,
Donaldsonville in the
United States
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Low carbon nitrogen fertilizers

Currently many low carbon ammonia plants are under construction and numerous more are under
evaluation. As low carbon ammonia will play a role in the energy market which has a much larger size
than the fertilizer market, it can be expected that low carbon ammonia will be become available at many
more locations than today. Currently most electrolyzer plants under implementation have a capacity of
several hundreds of MWs allowing for some few hundred kilo ton per annum low carbon green ammonia,
several times smaller than traditional (grey) ammonia plants. However large size low carbon ammonia
projects are under implementation based on carbon capture and storage technologies (so called blue
ammonia). It is expected that on the longer term the number and size of green ammonia project will
grow.

Low carbon ammonia can be used as feedstock to produce low carbon nitric acid and low carbon
ammonium nitrate or other nitrate fertilizer products in case Best Available Technology nitrous oxide
abatement technology is applied in the nitric acid plant. Refer to the figures below.

AIR POWER AIR CA-/P-/K-
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Figure 9: Block scheme for the production of low carbon green AN, CAN and NPKs
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Figure 10: Block scheme for the production of low carbon blue AN, CAN and NPKs

It is relatively easy to produce low carbon blue AN, CAN and NPK as one only needs to install a carbon
capture and storage installation in an existing ammonia plant which operates on natural gas. Although
the carbon footprint of blue nitrogen fertilizer products is higher than green nitrogen fertilizer products,
the required investment is also significant lower.

Low carbon urea can be produced by consuming carbon dioxide emitted by other sources; when this
carbon dioxide is set free upon urea application, the net effect is a zero carbon dioxide emission from
urea. As the ammonia part of the feedstock is low carbon, the carbon footprint of this urea is lower than
of urea produced by traditional means.

The carbon capture and storage (CCS) projects under implementation worldwide will form large and
concentrated sources of carbon dioxide potentially available to produce urea and other chemicals. These
carbon dioxide sources are already available at high pressures suitable for the required urea synthesis
conditions.
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Figure 11: Block scheme for the production of low carbon urea

Then there will be carbon dioxide sources smaller in size, which create a challenge for the economics of
a relatively small urea plant. A relatively large CAPEX is required as the synthesis section operates at
high pressures and temperatures, the conversion from feedstock to urea is limited and together with
urea water is produced, which needs to be separated and purified in order to produce solid urea. This
economic challenge could be solved by considering to produce UAN liquid fertilizer, urea-ammonium-
sulfate (UAS) or urea-based NPK fertilizer products in which cases the process schemes can be
optimized. Find in the figure below the block scheme for low carbon UAS production.

NH3 CO2 SULPHURIC ACID

11

HIGH PRESSURE - NEUTRALISATION - UAS
SYNTHESIS & FINISHING
Figure 12: Block scheme for the production of low carbon UAS

Now let us explore how low carbon nitrogen fertilizers can play a role in various areas in the world.
Low carbon ammonia as nitrogen fertilizer in North America.

In North America anhydrous ammonia is applied directly as nitrogen fertilizer already for many years.
Locally produced renewable energy (wind / solar) can be used to produce low carbon ammonia at farm
scale, which then can be applled as fertilizer and fuel by the farmer. The company FuelPositive is one
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Furthermore the low carbon blue ammonia will substitute the ammonia currently used to produce
ammonium nitrate based fertilizers.
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Low carbon nitrogen fertilizers in Europe

Currently Europe faces high natural gas and energy prices and to produce traditional ammonia based
on natural gas is no longer economical. Significant amounts of ammonia and nitrogen fertilizers are
presently imported from countries with low natural gas cost prices.

At the same time Europe is issuing more regulations regarding carbon dioxide taxation which will
increase the prices of traditionally produced ammonia and nitrogen fertilizer products. This may further
stimulates initiatives to produce low carbon ammonia and low carbon nitrogen fertilizers at competing
prices. In Europe ammonium nitrate is already produced in significant amounts and it will be fairly easy
to replace the traditional ammonia with low carbon ammonia. Together with the nitric acid plants with
already low nitrous oxide emissions, low carbon ammonium nitrate will become available.

In Europe several large size carbon dioxide capture and storage projects in the North Sea are under
development like for example in the Netherlands, Norway, Belgium and the United Kingdom. This carbon
dioxide together with imported or locally produced low carbon ammonia can be converted into low
carbon urea at large scales.

Low carbon nitrogen fertilizers in Africa

Nitrogen fertilizers are in high demand in most parts of Africa and at the same time transportation costs
are significant. This continent offers bright
opportunities for renewable energy. Locally
produced low carbon nitrogen fertilizers
therefore seem an attractive solution.

Access to water

Access to
electricity

One example of such a potential project is
the KenGen project in Kenya where low
carbon CAN or NPK is under consideration.
The plant will produce 200 ktpa green CAN
or NPK and is located close to water
resources. Access to renewable electricity
and agricultural land is given. Refer to the
figure on the right side.

Close to agricultural land
Good road infrastructure

Figure 14: KenGen Green Fertilizer project — ;‘
in Kenya

Another example is the Minbos project in Angola using hydroelectric power from the Capanda Dam to
produce some 300 ktpa calcium ammonium nitrate (CAN) and ammonium nitrate (AN) embracing the
Angolan government’s goal to make the nation self-sufficient in fertilizers and to increase agricultural
production to ensure food security.
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Conclusions

Reducing greenhouse gas emissions is vital and nitrogen fertilizer products play a significant role,
although the carbon footprint of just the production processes of nitrogen fertilizers is only a limited
part of the total carbon footprint considering the complete life cycle. Improved farm practices and
applying the already available technical solutions to increase the nitrogen use efficiency (inhibitors,
coatings) can reduce significantly the carbon footprint of nitrogen fertilizers in general and urea more
specific. On the other hand for smallholders using urea, advanced inhibition and application techniques
is a challenge. Urea is and will remain a critical fertilizer into the foreseeable future with respect to
provide food security for developing countries and in important crop systems like for example flooded
rice fields, which lead to high ammonia losses and significant methane releases.

Both urea as well as ammonium nitrate have their limitations when mixed with other materials. The
misuse of ammonium nitrate-based fertilizers for terrorists’ purposes led to a variety of additional control
measures.

Ammonium nitrate has a lower nitrogen content than urea resulting in higher transportation, storage
and application costs per ton of nitrogen for producers, traders, retailers and farmers.

The increasing availability of low carbon ammonia resulting from the energy transition seems a perfect
step towards low carbon ammonium nitrate based fertilizers. This is especially true for low carbon blue
ammonia as limited investments are required. Low carbon urea can be produced by consuming carbon
dioxide emitted by other sources. For smaller sizes more economical urea production process schemes
are feasible when considering the production of fertilizers like UAN, UAS and urea based NPKs. Another
benefit is the higher added value of these fertilizer products.

Natural gas-rich regions are expected to remain big exporters of urea as these are focused to create
added value to the available natural gas. Large investments are required to make the transition from
natural gas and coal based nitrogen fertilizers to low carbon nitrogen fertilizers, which will require time
as lifetimes of nitrogen fertilizer complexes are 40-50 years.
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