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1. Introduction

Urea Ammonium Nitrate (UAN) solutions are well introduced fertilisers, mainly in North
America, West Europe and the former Soviet Union. Northern America is traditionally a
market for anhydrous ammonia fertilisation, however, transport and storage risks need to
be covered by increasing insurance costs. It seems that an increasing number of farmers
renounce the direct use of ammonia in favour of UAN solution. Due to the different Nitrogen
compounds contained in UAN solution this liquid fertiliser also has certain advantages
concerning retarding effects and efficiency of fertilisation.

Many of the existing UAN production plants are of a small size and use an on-site surplus of
ammonia and urea for additional production of UAN solutions. For an increasing market or
replacement of inefficient capacities large size plants can be a feasible option as transport
of UAN solutions is safe and fairly simple.

Uhde as a provider of technology and engineering services for every single production step
now presents a “Mega UAN Concept” that is designed to meet future market demands. The
presentation will outline the latest technological developments as well as economical
aspects.
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Figure 1: Recent Uhde projects for world and large scale fertiliser plants

During the last two years Uhde was able to award a series of world and large scale urea
and ammonia plants.
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2. Properties and Advantages of UAN Solutions

UAN solutions are typically produced from Urea and Ammonium Nitrate solutions plus
water. They usually contain a corrosion-inhibiting agent, frequently anhydrous ammonia but
mostly ammonium phosphate compounds or special agents. The UAN solution can then be
stored in mild steel equipment. Common UAN solutions on the market contain 28, 30 and
32% N.

2.1 Physical Properties of UAN

The temperature at which the solution will crystallise or “salt out” varies with the Nitrogen
concentration. The lowest salting out temperatures and densities of common solutions are
shown in the following table:

N
[wt%]

Urea
[wt%]

Ammonium Nitrate
[wt%]

Salt out temperature
[°C]

Density
[kg/m³]

32 35.4 44.3 -2 1320

30 32.7 42.2 -10 1300

28 30.0 40.1 -18 1280

Table 1: Properties of common UAN solutions at lowest salting-out temperatures

32% N solutions salt out at 0 to –2°C, a fairly low temperature. When stored in large tanks
only partial salting out can be expected even in cold climates and without heating. When
required, the salting out temperature can be significantly lowered by just adding water for
long-lasting extreme temperature conditions (e.g. Canada, Russia).

2.2 Advantages of UAN

Application

UAN solutions have several advantages over solid
fertilisers. One of the advantages of Nitrogen
solutions is that they can be more uniformly applied
to the field (mostly via various types of nozzles)
than dry fertilisers. The mechanical spreaders
normally used in dry fertiliser application tend to
result in varying concentrations of nutrient over the
field.
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Figure 2: Effect of N-components
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Nutrients

UAN solutions contain nitrate, ammoniacal and amide parts. The nitrate part is readily
available to the crop while the ammoniacal and amide parts have to be converted by soil
bacteria first. This means UAN has immediate and retarded action components, resulting
is a possible higher N efficiency and a surplus value for the farmer compared to single-
acting fertilisers.

An additional advantage of solutions is that both pesticides and herbicides can be in-
corporated in the liquid solution and applied at the same time. In this way they can be
injected into irrigation systems. Also secondary nutrients like sulphur and micro-nutrients
(e.g. boron) may be added to the solution to be simultaneously applied to the field.

Transport and Storage

Other advantages of Nitrogen solutions include their relative ease of handling - no caking
or dust problems - and they can easily be transported via pipelines or in barges or rail cars.

In comparison to granulated urea UAN solutions are even having a higher nutrient density.
With a bulk density of approx. 760 kg/m³ and a Nitrogen content of 46.2% granulated
urea contains about 350 kgN/m³, whereas a UAN-32%N solution contributes with about
420 kgN/m³. Transport volumes are therefore some 20% smaller for the same amount of
Nitrogen, though the percentage of Nitrogen in the fertiliser is lower.

The neutral pH (pH 7 or slightly higher) also make UAN solutions suitable for low cost
storage, such as pit storage.

Safety

In the recent years the safety issues of ammonium nitrate based fertilisers have been
reviewed thoroughly. Especially after the Toulouse accident the market reacted very
sensitively with transport and import restrictions on AN. Though some fertiliser grades (e.g.
CAN with 26-28%N) have proven to be safe, storage and transport of high N-containing AN
fertilisers is still under discussion. UAN solutions combine the properties of AN fertiliser with
an extremely high degree of safety.

Production and Costs

Liquid effluents from a fertiliser complex are often a problem and may cause increased
investment and operating costs for treatment steps. In a UAN complex these effluents
can be discharged into the UAN solution without affecting the quality of the product.

Additionally the investment and maintenance costs of a UAN mixing plant are much lower
than those of a fertiliser granulation plant. Therefore also the total investment is lower than
for a comparable solid fertiliser plant (refer to chapter 4.3).
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3. Demand for UAN Plants

A moderate growth potential for UAN consumption of 3-5% per year may be expected.

In addition the relocation of UAN production to areas with lower gas prices appears very
likely, since the main raw material for UAN production, ammonia, is predominantly produced
today out of natural gas. This means essentially the replacement of small and medium size
plants in the vicinity of the North American customers to world scale facilities abroad.

The UAN production of older facilities shutting down permanently needs to be replaced as
well, and due to the dependence on the gas price it is more likely that these plants will be
built abroad.

Growing substitution of liquid ammonia for direct fertilising in North America can be ex-
pected within this decade, driven by increasing insurance costs and risk assessment for
ammonia transport and local storage. Also a legislative approach to ammonia emissions
from production plants and fertilising by farmers may have an influence. Full replacement of
ammonia would additionally require approx. 14 million mtpy of UAN 32%N. Assuming a
50% replacement within the next years an additional market of eight new world scale UAN
plants can be expected.

Further UAN market potential may be generated by a gradual replacement of ammonium
nitrate granules in the wake of the Toulouse explosion.

3.1 Consumption of UAN

The major consumer of UAN are the United States with over 70% of the total amount of
UAN. Western Europe consumes 25 – 26% of the entire production. Canada and Mexico
are important smaller markets accounting for most of the remainder. In the USA the con-
sumption of UAN increased from 9.9 million mtpy in 1999 to 10.2 million mtpy in 2001.
The current consumption is about 11 million mtpy.

Canada's consumption reached 789,000 mtpy in 2001, Western Europe had a consumption
of 3.7 million mtpy in 1998/99.

3.2 Producers of UAN

The main US-American producers are Terra Nitrogen, CFII and PCS/Farmland/Miss. Chem.
(each of them cover approx.1/3 of the US market).

Major Canadian producers are Terra in Courtright, Simplot in Brandon, Agrium in Redwater
and Saskferco in Belle Plaine (new-built Uhde plant).
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4. UAN Technology

A complete UAN complex comprises an Ammonia plant, a Urea synthesis plant, a Nitric
Acid plant and an Ammonium Nitrate neutralisation plant with a UAN mixing unit.

The interconnections of a UAN complex is shown in the following diagram:
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Figure 3: Interconnecting diagram of a UAN complex

As large scale plants commonly involve lower specific investment costs due to the econom-
ics-of-scale influence, the respective technologies available from Uhde have been reviewed
to find the appropriate single plant sizes to be combined for the Mega UAN plant.

4.1 Selected Process Technology

Ammonia Plant

Following the demand of the market for reduction of specific production costs with higher
outputs Uhde has developed the Uhde Dual Pressure Ammonia process, which now
enables ammonia plants to produce capacities of 3300 mtpd based on existing proven
process steps and proven equipment/machinery items.

The Uhde Dual Pressure Ammonia process also provides the basis for even larger single
train plants up to 4000 – 5000 mtpd by utilising available but yet unproven equipment/
machinery items.

The ammonia plant sizes chosen for the evaluation of the Mega UAN Concept are 1000,
2000 and 3300 mtpd, respectively. With the highest involved investment costs within the
UAN complex the maximum single line ammonia capacity determines the maximum
capacity of the UAN complex for the outlined concept as long as the range of proven
design is considered.
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Urea Synthesis Plant

The urea process offered by Uhde is the well known Stamicarbon CO2 stripping process.
Uhde is a licensee of Stamicarbon since 1966 and has designed and built more than 30
plants since then. To meet the market’s demand for lower investment costs Stamicarbon
has developed the Urea 2000 plusTM pool reactor in which the exothermic condensation of
ammonia and carbon dioxide to build carbamate and the endothermic dehydration to build
urea takes place in one vessel.

Furthermore, to achieve even higher capacities while using only proven equipment
Stamicarbon has developed a new process utilising an additional medium pressure stage
between the CO2 stripper and the rectifying column. With this added stage it is possible to
achieve capacities up to 4500 mtpd with only a slight increase of equipment size.

The urea synthesis plant sizes chosen for the evaluation of the Mega UAN Concept are
1050, 1925 and 2930 mtpd, respectively.

Nitric Acid Plant

Uhde has built more than 180 plants world-wide with capacities up to 1830 mtpd based on
Uhde’s own proprietary nitric acid processes. Capacities up to 1500 mtpd are in operation
as single train plant, larger capacities of up to 2000 mtpd are also single line plants but with
two parallel ammonia combustion units.

For high capacities the Uhde dual pressure process has turned out to be the most economic
choice which also complies with the most stringent environmental regulations. The dual
pressure process combines in an economical way the advantages of the low pressure
technology in the combustion section and the high pressure technology in the absorption
section.

The nitric acid plant sizes chosen for the evaluation of the Mega UAN Concept are 1150
and 1500 mtpd, respectively.

Ammonium Nitrate Plant with UAN Mixing Unit

Ammonium nitrate is produced from gaseous ammonia and liquid nitric acid in an exo-
thermal reaction. Uhde’s Ammonium Nitrate technologies have been developed to meet
the requirements for a safe, reliable and well controlled process. The principles of the
Uhde Ammonium Nitrate process including a UAN mixing unit are shown in figure 4.

The basis for this evaluation of the Mega UAN concept is the proprietary Uhde Vacuum
Neutralisation Process, involving a forced circulation neutralisation loop. This process is
well proven and known for its high safety standard and its maximum reliability and
operability.

The ammonium nitrate solution from the neutralisation loop is mixed with the urea solution
from the urea synthesis plant and process water in the UAN Mixing Vessel. This vessel is
pH, temperature and Nitrogen controlled by using a pH-meter and a refractometer. Alkaline
conditions are maintained by ammonia injection, as this is the basis for safe downstream
handling of the UAN solution. From this tank the UAN product is pumped through an UAN
Cooler to the UAN storage vessel. To prevent corrosion in downstream UAN handling
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equipment like mild steel tanks or river barges, a corrosion inhibitor is added to the cooled
solution prior to storage tanks.
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Figure 4: Principle flowsheet of an Uhde AN plant with UAN mixing unit

Summary Process Technology

Uhde is able to provide all necessary proprietary technologies to build an entire UAN
complex except the Urea synthesis process , which will be licensed by Stamicarbon.

4.2 Mega UAN Concept

A large scale UAN complex up to a the Mega UAN Concept capacity of 8400 mtpd UAN-
32%N comprises (while using only proven technology):

• a dual pressure ammonia plant with a capacity of up to 3300 mtpd as single train plant,

• a single train urea synthesis plant with up to 2900 mtpd, or up to 3900 mtpd with single
line dual pressure  design

• a single train nitric acid dual pressure plant, capacity up to 2000 mtpd, or
a dual train nitric acid dual pressure plant, capacity up to 2970 mtpd (limited by ammonia
availability)

• a single or dual train ammonium nitrate plant, capacity up to 3800 mtpd
(limited by nitric acid availability, economic effect of the number of trains is negligible)

• a single or dual train UAN solution mixing unit, capacity up to 8400 mtpd
(limited by AN availability, economic effect of the number of trains is negligible)

Figure 5 gives a relation between the final UAN capacity and the necessary capacity for the
intermediate products.
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Figure 5: Capacity relation of product and intermediates

4.3 Advantages and Disadvantages of a Mega UAN Complex

The advantage of a Mega UAN Complex compared to a small-scale plant is based on the
lower specific investment costs of the entire complex (figures 6 and 7), i.e. investment costs
per mtpd of production capacity.

The 100% reference figure is chosen to be a UAN complex of 2500 mtpd UAN-32%N. This
reflects a usual up-to-date world scale capacity.

Absolute cost figures are not indicated, because investment costs will change over the time
and depend on the location of the plant and the requirements of owner.

Figure 6 shows the indexed investment cost relative to the reference plant.

Figure 7 displays the indexed capital cost per mtpd of plant capacity (re-payment plus
interest) for the various capacities relative to the reference plant.

The investment for product and intermediate storage as well as utility units have been
equally scaled with the UAN production capacity for simplicity. In reality these cost also
depend on existing infrastructure and requirements of the owner. Series classification of
equipment and machinery also do not allow for a smooth cost graph. The graphs in both
figures 5 and 6 therefore have to be regarded as trend lines.

The in-continuities in the graphs are determined by the change from single to dual line
design in the ammonium nitrate and the nitric acid plant and from conventional ammonia
plant design to the Uhde Dual Pressure process. For the ammonia plant the impact of a
change from a single line to a conventional design dual line plant in shown in comparison.
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Again, all considerations incorporated in this study are based on well proven designs and
capacities with high reliability.

60%

80%

100%

120%

140%

160%

180%

200%

220%

240%

1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000

Capacity UAN 32%N [mtpd]

In
de

xe
d 

In
ve

st
m

en
t C

os
t

Uhde with Dual Pressure Ammonia Plant
with conventional Ammonia plants
extrapolated
UAN + Urea co-production

Mega UAN Complex - Indexed Investment Cost 

2000 mtpd Urea Gran.

AN
single / dual

line

Nitric Acid
single / dual

line

    Ammonia
single / Uhde Dual Pressure
single / conventional dual line

Reference Complex

Mega
UAN
Complex
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It is not surprising that the indexed investment cost and the indexed capital cost decrease
with increasing plant capacity. However, in order to make an optimum decision for the
investment an economic study is necessary especially around the in-continuities in the
graph.

Figure 6 shows that the investment cost for a Mega UAN complex with a capacity of
8400 mtpd amounts to approx. 213% of the investment cost for the reference complex,
whereas the capacity is increased to 336%. As per figure 7 this results in a decrease of the
capital cost per mtpd of final product to 64% compared to the reference complex. With the
application of conventional ammonia technology the investment cost would be 231% re-
sulting in a capital cost per mtpd of product of 70%, both related to the reference complex.

While the variable costs (feedstock, energy, catalysts) per ton of product remain virtually
constant, the specific fixed costs (capital cost, personnel, etc.) per ton of product signifi-
cantly decreases with increasing capacity. All this results in a higher profitability of the
plant which means a competitive advantage.

One of the challenges for Mega UAN complexes is the logistics of the product distribution.
The local net of railways, roads and in-land waterways and/or the configuration of the local
ocean harbour needs to be analysed concerning possible use as trans-shipment centre for
such large quantities of product. Due to the high capacity this point might become a key
issue in the evaluation of the viability and feasibility of Mega UAN complexes.

The focus on a single product may be another hindrance if market demand fluctuations are
to be expected. To be able to overcome this impact a co-production of granulated urea may
be an interesting choice, but requiring extra investment for the granulation unit (separate
point in the graphs). The export of anhydrous ammonia surplus is also a possibility to lower
the dependency on a single product market.
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