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Feeding the world 

A large part of our world’s food supply is dependent on nitrogen fertilizer from the Haber Bosch 
process.  In 2050 we need to feed 9 billion people and subsequently have to increase agricultural 
production by 20% on the same acreage of farmland. This will be a major challenge, considering 
the predicted negative effects from climate change. 
 
Over the years, the Nitrogen Use Efficiency (NUE; 30%-60%) has been dropping due to changes 
in diet and the use of abundant low-cost fossil-based Nitrogen. The loss of Nitrogen in the form of 
ammonia from farming and the food chain is representing the main contribution to bad air quality 
and low NUE. It causes direct and indirect acidification, eutrophication and formation of N2O. All 
the lost Nitrogen is eventually ending up in the atmosphere or the ground water as nitrates. And 
the fertilizer industry replenishes the loss with 120 million tonnes of fossil Haber Bosch Nitrogen. 
 
Haber Bosch 
The ammonia production from fossil fuels like methane gas and coal is consuming about 1%-2% 
of the total consumption of fossil energy.  The gas-based ammonia production emits about 1,8 
tCO2/tN and the coal-based ammonia-N is emitting about 7,2tCO2/tN.  The final nitrogen fertilizers 
at farm gate allocated with a release of 4-11tCO2/tN. 
 
Urea as a product is in the unique position that CO2 from the ammonia plant is consumed in the 
production of the Urea, going in a part of the Urea product.  This means that Urea has a GHG 
footprint of 2tCO2/tN as a product.  The consequence of this is that Urea will be push more of the 
GHG/CO2 taxation issue to the use of the product. 
 
Greenhouse Gasses from the food-chain 
Only 30-50% of the Nitrogen fertilizer applied to the fields as the basis for the primary production 
of proteins from grain, root crop, salads and fruits is taken up by the crop.  The loss mechanism is 
caused by the lack of precision in feeding the nutrients to the plants when they need it, losses of 
ammonia to air and the nature of the soil biology who steal and convert the Nitrogen back to air 
as N2 and N2O. 
In principle, all the industrial and biological fixed nitrogen is converted back to air nitrogen, N2.  
The GHG footprint originating from the industrial nitrogen fixation is probably 1,2-2,4 bill tCO2-eq.  
IPCC has not presented consistent and useful data for the global household of N2O.  Their general 
figure of 1,25% N2O-N emitted per tonne of Nitrogen applied to the field, should be applied every 
time the nitrogen is exposed to a conversion to N2 mechanism, lost to forest and marshland, 
dumped as farm waste, dumped as food waste.  Enclosure 1 is illustrating the role and life of the 
nitrogen in the anthropogenic food chain. 
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Differentiating between Urea and CAN fertilizers 
In the LCA studies made by the fertilizer industry, Urea is ending up with highest GHG footprint 
from production to primary protein production in the field. The explanation for this could be, the 
energy mix with more coal, higher ammonia loss to air, and higher N2O emissions from nitrification 
and de-nitrification in the soil. 
If the LCA study is expanded the full lifecycle of the nitrogen, the GHG footprint ratio between Urea 
and CAN is lower since the GHG from the rest of the food chain should be equal and dominating. 
 
Urea however, will likely suffer more if the EU imposes a GHG tax on import of fossil-based 
fertilizers. 
 
Urea quality 
Most of the global Urea production capacity will be economically more competitive than the CAN 
production.  The energy cost advantage could in a worst case be 225 $/tN for Urea, which may be 
levelled out by a CO2-tax of 40$/tCO2-eq. 
The uncertainty of how the world will handle the global warming issue, will limit the investments 
in green field ammonia-urea projects.  The focus will be on revamping and stepwise improvement. 
The best way for the global urea producers to stay competitive is to improve the quality of the 
product for several reasons. 
 
Global storage reserve 
Urea will continue to be the backbone of global food production and food security.  Urea can be 
transported and stored at a cost less than 50% of other alternatives.  Good quality of the granulated 
product will be crucial. 
 
Precision farming 
Broad spreading of Urea with high precision requires a good control of the size distribution and low 
content of fines and dust.  Caking during storage and transport is critical for the local port 
environment. 
 
Ammonia losses 
The best way to improve the agronomic value of Urea is to reduce the hydrolyzation rate with an 
inhibitor or to co-granulate Urea with some ammonium sulfate. 
 
Development of Fluid Bed granulation and products 
Fluid bed granulation of Urea is a commercial success, but it can still be developed by introducing 
a mechanism for internal sorting of granules inside the fluid bed granulator.  The standard 
processes are operating with a large surplus of crystallization energy, because the feed solution to 
the granulator is between 99% and 96%.  The surplus of energy is removed through the fluidization 
air and in an additional fluid bed cooler inside or just after the granulator.  The outside screening 
and crushing loop are also contributing to the cooling. 
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Figure 1 shows the principles of standard Fluid Bed granulation process 
 
In the latest development of the fluid bed granulation, internal screening has been one of the new 
features to reduce or eliminate the investment in external recycle loop with screening and crushing.  
The energy and mass balance can be solved with more direct means like cooling or heating of the 
granulator or by altering the water concentration in part of the melt or solution going to the fluid 
bed granulator.  The economy of scale has increased the size of the fluid beds, and this is further 
opening for good methods for internal screening or classification. 
 

 
Figure 2 shows the principles of a classifying Fluid Bed granulation process where the screening 
and crushing is eliminated. 
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In a Classifying Fluid Bed (CFB), the requirement for cooling can also be compensated by designing 
the classification elements as cooling elements.  The channels can be made fully or partly double 
walled, for internal circulation of a coolant like water.  The principle and effect of internal cooling 
is well documented. 
 
Without external screening and crushing it is necessary to produce seed material.  With a given 
size distribution for the product and a given capacity, the number of seeds can be calculated and 
must be controlled.  An alternative production of seed material can be done in many ways.  A 
crushing mechanism can be installed inside the bed itself or a fraction of the product can be crushed 
and recycled to the feed side.  Urea is a product which is often given additives in order to improve 
its performance.  These additives will often be suitable to use as seed material.  The seed material 
should be between 0,5 and 1 mm and be chemically and physically compatible with Urea.  Seed 
material at 1 mm for a 3,5 mm granule size shall be about 2% of the total production. 
In the granulation processes where particle growth is the main principle, control of the size 
distribution in the granulator and the final product is one of the key performance features.  In a 
conventional granulation process the size distribution has therefore been controlled by screening 
and recycling a certain fraction of undersize and if necessary, crushing and recycling a fraction of 
oversize as well.  This makes it possible to directly control the composition of the final product.  
The energy and mass balance is thereafter adjusted with the properties of the fresh feed, drying, 
heating or cooling in order to give the right conditions for particle growth and quality of the product. 
The external screening, crushing and recycling is also solving the seeding requirement, as the 
crushing is creating new particles keeping the overall size and number of particles in the right 
range. 

 
Figure 3 shows that the size distribution of granules in a standard granulator is not very different 
from the specified size distribution of the product. 
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Figure 4 is showing the difference in size distribution over one classification element. 
 
The main challenges for developing a Classifying Fluid Bed is solved.  Installation of 3-5 elements 
inside the bed will certainly give the required classification. 
The remaining issues have as discussed several solutions with known principles which already have 
been tested out.  The investment cost for a CFB process is probably 15-30% lower than for a 
standard fluid bed granulation process. 
The CFB technique will also make a significant contribution to revamp projects.  It is expected that 
solving the size distribution issue will give a potential for increasing the capacity by 10-15% with 
a minimum of other modifications. 
CFB technology will give spherical urea pearls with no fraction of crushed materials.  The layering 
will also make it possible to add inhibitors at the right layers. 
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Enclosure 1: Nitrogen use and balance from an industrial perspective                                         
 
120-130 TgN in Primary Fertilizer N-production applied to grain production 

1) 36-45 TgN lost directly as NH3 to air 
2) 12-15 TgN lost through soil to ground water and water to air 
3) 32-40 TgN as organic farm waste applied to grain field 

a) 11-13 TgN as grain protein 
b) 10-12 TgN as organic farm waste 
c) 10-12 TgN lost as NH3 to air 
d) 3 - 4    TgN lost through soil to ground water and water to air 

4) 40-50 TgN in grain protein-N production 
a) 20-25 TgN fed to Livestock 

(i) 2-3 TgN animalistic protein production 
(ii) 18-20 TgN in manure applied to produce 

1. 6-7 TgN as grain protein 
2. 5-6 TgN as organic farm waste 
3. 5-6 TgN lost as NH3 to air 
4. 1.   TgN lost through soil to ground water and water to air 

b) 20-25 TgN fed to people 
(i) 2-3 TgN in human protein 
(ii) 18-20 TgN in anthropogenic waste spread to produce 

1. 6-7 TgN as organic protein 
2. 5-6 TgN as organic farm waste 
3. 5-6 TgN lost as NH3 to air 
4. 1    TgN lost through soil to ground water and water to air 

 
Nitrogen losses as Ammonia to air for producing 2-3 TgN dairy products or livestock meat comprise: 
 50% of 1) NH3 directly lost in primary organic protein production  18-22 TgN 
 3)c. NH3 lost from organic farm waste     10-12 TgN 
 4)a.ii.3. NH3 lost from manure application        5-6 TgN 
 4)b.ii.3. NH3 lost from anthropogenic waste application   5-6 TgN 
 30% NH3 losses from 4)a.ii.1.&2.      3-4 TgN 
 30% NH3 losses from 4)b.ii.1.&2.          3-4 TgN 
 
Summary of NH3 losses from producing 2-3 TgN in dairy and meat:  44-54 TgN 
 
Nitrogen losses as Nitrates through soil to groundwater and surface water to air comprise: 
 50% of 2) Nitrogen lost through soil to ground water and water  1-2 TgN 
 3)d. NH3 lost from organic farm waste     3-4 TgN 
 4)a.ii.4. NH3 lost from manure application         1-2 TgN 
 4)b.ii.4. NH3 lost from anthropogenic waste application   1-2 TgN 
 10% NH3 losses from 4)a.ii.1.&2.          1-2 TgN 
 10% NH3 losses from 4)b.ii.1.&2.          1-2 TgN 
 
Summary of NH3 losses from producing 2-3 TgN in dairy and meat:  8-14 TgN 
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Enclosure 2: IPR and techniques for CFB technologies       
 
Internal screening by physical means of a mesh, screen, slots etc. is difficult when the desired 
effect is to retain the smallest particles and moving the biggest particles towards the outlet.  
Physical restrictions inside the granulator are also clogging quickly due to the plasticity and 
stickiness of the particles.  The most obvious methods applied have tried to take advantage of the 
standard and obvious effects of segregation and classification principles based on air velocities and 
particle trajectories.  All these methods have failed to give the expected effect or have been seen 
as impractical and energy intensive. 
 
Callen et. al. “Use of parallel inclined plates to control elutriation from a gas fluidized bed” presented 
in Chemical Engineering Science 62 (2007) 356 – 370, is one of several examples where the 
classification or elutriation is performed in the low-density phase above or outside the high-density 
phase in the fluid bed unit. The definition of the high-density fluid part is where the average bulk 
airflow alone is below the free fall velocity of the smallest granules in the bed and above the 
required air minimum critical air flow to create fluidization.  In the low-density phase above the 
high-density fluid phase, it is possible to install guide systems changing the flow characteristics vs 
gravity and increase the bulk speed.  When the bed has a bulk airflow close to the free fall velocity 
of the smallest granules, and when the size distribution is broad enough, there will be classical 
elutriation as in standard de-dusting and wind screening technologies.  This effect however is found 
not to be sufficient for eliminating the external screening and crushing loop.  Any separation outside 
the high-density phase has the inherent disadvantage of external screening where the smallest 
particles have to be brought back to the inlet side. 
 
US 6.851.558 B2 is describing how asymmetry, baffles and bed height can be used to obtain a 
horizontal classification over a full bed.  The disadvantage is however that the bed has to be fully 
redesigned, and that the claimed classification effect will be disturbed by the bubble formation and 
effect of the spraying nozzles in each compartment.  The limit to inclination and position of the 
baffles and compartments are reducing the claimed effect in practical beds. 
The way the baffles are installed, is not giving a consistent effect. The small particles on the slow 
side of the baffle is also prone to moving towards the outlet at the bottom of the bed, and the 
larger particles on the fast side of the baffle will inevitably also follow the backward direction 
towards the inlet side.  In this way the principle described in US 6.851.558 B2 is contradicting 
itself. 
 
US2011/0159180 A1 is describing a method of granulation where a cooling tube bundle is installed 
in the last part of the bed. The obtained effect is that the bed is receiving an internal cooling which 
is important for the most fluid bed granulation processes.  The other effect is a minor classification 
effect.  The size distribution of the product is different from the average in the bed and different 
from size distribution found on the top of the classifier.  The classification effect is however not 
significant enough to eliminate the external screening, crushing and recycling loop. 
 
 
NO 20131290 for Fluid Bed Classification elements is granted and ready for in all relevant 
markets. First movers among technology developers and production companies can 
contact: rune.ingels@n2.no  for further information. 
 
 


