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1.0   Abstract 
 
SABIC has committed itself to adopt the state of the art technology to be a pioneer in 

environmental sustainability. AlBayroni, one of SABIC Affiliates, owns Urea Plant which was 

commissioned in 1983. The plant is having a natural draught Prilling Tower with continuous 

emission of Urea Dust Particles and Ammonia to the atmosphere which was the latest 

technology at that time. 

 

As a strategic proactive approach AlBayroni has reduced the urea dust, ammonia emission 

and waste water discharge from Urea plant by implementing a prill tower dust recovery 

systems. The paper shares the experience of AlBayroni in achieving reduction in Urea dust 

and Ammonia emission exceeding international requirements/standards. The best available 

technology was adopted. The system mainly consists of acid wash scrubbers, and a 

crystallization unit to recover the absorbed materials. PROZAP Co. from Poland did the 

engineering work and supplied the proprietary equipment while GEA Messo Co. from 

Germany supplied the crystallization unit.  

 

In addition, this paper addresses the lessons learned during the execution of the project and 

judged to be of great value to plants who want to implement similar environmental projects. 

 

2.0   Introduction 
 
Al-Jubail Fertilizer Co (Al-Bayroni) is a 50/ 50 joint venture between Saudi Basic Industries 

Corporation (SABIC) and the Taiwan Fertilizer Company (T.F.C). Al Bayroni was established 

on December 4th, 1979 to manufacture fertilizers. Commercial production of ammonia and 

urea fertilizer began in early 1983.  

 

The process licenser of Ammonia plant is KBR and it has a capacity of 1270 MTPD. 

In addition, the process licenser of urea plant is Stamicarbon with 1950 MTPD capacity. 

 

In 1995 Al-Bayroni diversified into the manufacture of petrochemicals and started 

manufacturing of 2-EH (2-ethyl hexanol) in 1995 with a capacity of 470 MTPD and DOP (Di-

Octyl Phthalate) in 1997 having 150 MTPD.  
 
 
 



3.0   Sustainability, the SABIC way... 
 
DUST CONTROL - AN EXAMPLE OF SUSTAINABILITY: 

SABIC, always looking at ways of saving the environment, by optimizing their basic 

processes, raw material utilization, saving water etc. One such illustrative example is the dust 

control project taken up by its affiliates Al BAYRONI, IBN AL BAYTAR and SAFCO.    

 

This project was started in 2007 whereby Urea (In Dust Form) and Ammonia emissions 

released from Urea Plants will be controlled and reduced. The developed technology involved 

designing of an effective scrubber, using acid and water to scrub off the urea dust and 

escaping ammonia. The collected solution was further crystallized to make useful saleable 

product like ammonium sulphate. The implementation was successfully completed at Al-

Bayroni and in 2 out of 4 plants in SAFCO.  

 

As a socially responsible company, SABIC always looks at the growth, with sustainability. 

SABIC takes utmost care in all its processes, to safe guard the environment. With focus on 

continuous improvement through research, the processes are often revisited and improved to 

cater to the changing needs and stringent global requirements.  

 
4.0   Urea Plant Process Description 
 

Urea is produced in Albayroni site according to Stamicarbon CO2 stripping process with design 
capacity of 1600 MTPD.  

CO2 enters the bottom of the stripper and heated in counter current with urea solution coming 
from reactor.  

Ammonia reacts with stripped gas CO2 from H.P. stripper in the HP carbamate condenser.  
 
Carbamate is formed with large amount of heat generation. This is cooled by generating steam 
in the shell side of the carbamate condenser. 
 
In Urea reactor, the slow endothermic reaction involving carbamate conversion to urea product 
is taking place.  

(1) 2NH3 + CO2  → NH2COONH4  
                                     (Ammonium carbamate) 

 
(2)      NH2COONH4                     →  NH2CONH2+H2O 

 Ammonium Carbamate → Urea + water. 
 



 

 

The reaction mixture, leaving the reactor via an overflow line, is discharged to the stripper, 
where the mixture is distributed over a large quantity of tubes, by means of liquid dividers 
between the gas tubes and the tubes sheet.  CO2 gas introduced in counter current flow 
through the tubes, causes the partial NH3 pressure to decrease, as a result of which carbamate 
starts to decompose. HP steam is admitted around the tubes to provide the required heat. 
 
The liquid from the stripper is discharged to the recirculation section. Reactor off-gas is entering 
the bottom of the HP scrubber to be condensed.    
The urea carbamate solution leaving the bottom part of the stripper is sent to the low pressure 
section for  further carbamate decomposition and urea concentration of about 72 %.  
 
The urea solution is concentrated to about 99.7% wt by evaporating the water in two stages 
evaporators under vacuum. The concentrated urea melt is pumped to the prilling bucket, on the 
top of the prilling tower.  

The solidified prills are transferred to the Bulk storage or loading station via Fluid bed Cooler. 
By original design, the prilling tower was a natural draft prilling tower and the plant did not have 
a dust recovery system.See the Block body diagram, Figure 1 below  
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The height of the Prilling tower is about 80 meters and the exhaust was let to the atmosphere 
without any dust-recovery system. See below Figure 2 
 

 
Figure 2 

Later it was decided to bring down the urea dust and ammonia gas emission from prilling 
tower to international standards, so urea dust and ammonia gas recovery project was 
commissioned and put on service since June 2009. Please see below illustration of the 
project, Figure 3. 

 
Figure 3 

After establishment of this project, prilling tower emissions are safer than the local 
environmental requirements and the company was given an environmental award. 
 
 



 
5.0   Prill Tower Emission Control Project 
 
This paper mainly deals with the urea dust & ammonia gas recovery project which 
consists of air cleaning unit and Crystallization unit 
 
5.1 Air Cleaning unit: 
 
Flow diagram, Figure 4: as illustrated below 
 

 
Figure 4 

 
 
 
 
 
 



5.1.1   Process Description  
 
The UNIT’s service includes cleaning of dust-laden exit air stream leaving Prill  Tower of Urea 

Plant. Capacity of the UNIT is variable and corresponds to the flow-rate of the air stream 

ascending the prilling tower to cool urea prills. 

The scrubbers i.e. the major items of equipment of the air cleaning unit have been arranged on 

the steel construction fixed on the ground. Exit air stream leaving the existing prilling tower is 

transferred through 3 m dia. gas ducts down to the scrubbers. The other equipment such as 

filters, tanks, pumps have been arranged on the ground level also or on the steel construction.  

Neither liquid nor solid waste material is discharged from the Exit Air of Cleaning Unit.  Some 

liquid and solid wastes may be formed occasionally during cleaning  of filters and other 

equipment during maintenance work or in emergency conditions. 

The air cleaning process involves 2 stages or unit operations, namely:  

      A.  Humidification of the urea dust-laden air stream with water mist up to full saturation with 

extremely fine water droplets or mist, whereby even extremely fine dust particles, sized 

0.3 to 2.0 microns dissolve, thus to form urea solution mist;  

      B.  Neutralization of ammonia carried by the exit air stream, with sulphuric acid added to the 

humidifying liquid, whereby ammonia sulphate solution is formed;  

The above exit air treatment process involves the use of special spraying nozzles capable of 

producing mist of finely atomized water droplets and demisting pads of high specific surface.  

The scrubbers are designed not only to remove urea dust from the exit air stream but also to 

remove gaseous ammonia carried with the air stream, by reacting it with sulphuric acid, to form 

ammonia sulphate.   

2NHR3R +HR2RSOR4 R-------------->   (NHR4R)R2RSOR4 

Sulphuric acid demand corresponds to stoichiometric usage of the acid reacted with the 

gaseous ammonia. The injected acid becomes well mixed with the circulating solution in the 

Mixer. Through passing the system of pumps and filters it becomes thoroughly mixed with the 

recycle stream. A product (Urea Ammonium Sulphate solution) from Cleaning Unit is tapped 

off the loop and passed on to the Crystallization Unit.  

In acid-free operating mode (i.e. without sulphuric acid injection) product stream tapped from 

the UNIT is an aqueous urea solution up to 20+25% wt; it shall be sent directly to Urea Plant. 

 
 



5.2   Crystallization Unit: 
 
5.2.1   Flow diagram 

 
Figure 5 

5.2.2   Process Description 
 
To obtain a pure product the feed solution from cleaning unit is firstly treated and filtered.  

The feed solution containing undissolved particles is fed flow controlled into a reaction vessel, 
where ammonium hydroxide (NH4OH) is added by means of an additional dosing station to 
adjust the pH-value to around 5. The mixed solution is then guided into a filter where all solids 
are separated from the solution. 

 The solution pump delivers the feed solution into the crystallizer system. 
The evaporator / crystallizer is constructed as forced recirculation crystallizer. The recirculation 
pump ensures directed recirculation in this crystallizer, whereby the recirculation rate is 
matched to the operating conditions of the heat exchange process. The suspension flows 
through the heat exchanger whereby re-circulating suspension takes up heat, which is put in 
by condensation of heating steam.  

After leaving the heat exchanger, the heated solution is taken to the evaporator. The heat of 
evaporation required for the boiling process is withdrawn from the solution, which cools down 
until the equilibrium is reached again. 

 
 
 
 



The cooling of the solution as well as the withdrawal of the solvent water produces a controlled 
supersaturation of the solution, which is the driving force for the crystallization process. This is 
immediately started and the de-supersaturation takes place by crystal growth on the 
suspended crystals.  
 
The crystal slurry is pumped to a centrifuge where the mother liquor is separated from the 
crystals. From the centrifuge the crystals are fed via a screw conveyor into a dryer cooler unit, 
where the product is dried up to a final product.  

 UAS product, commercially known as super ammonium sulphate (SAS) specification is as 
below: 
 
 

Parameter Unit Specification 

Total Nitrogen as N Wt % 21.00 (Minimum) 

Sulfur as S Wt% 16.70 (Minimum) 

Moisture Wt% 0.5 (Maximum) 

Color - Yellowish 

pH - 4.5 – 5.5 

 
 
6.0   Challenges Faced. 

6.1   Huge duct and scaffolding erection. 
                 

Figure 6 

     
 



The prilling tower height is about 80 meters and huge SS ducts are to be brought down to 

reach the scrubber at the ground.  Extra care was taken to identify the competent scaffolding 

contractor and the scaffolding was inspected by a third party at every 10 meters.  High wind 

speed was a real obstacle and the job had to be stopped often  for safety.   To save down time 

of urea plant only the top portion was erected during the turnaround and the major part was 

connected when the plant was running. The entire erection, usage and removal were done 

without a single Loss Time due to Injury. 

 
6.2   Abnormal Sand problems. 
Severe sand storms forced some sand dust into the prilling tower and they were caught by the 

filters in air cleaning unit.    We had to clean often and the problem is severe only during dusty 

wind time.  The area around the air intake is also maintained free from dust to avoid this filter 

choking problem. 

 

6.3 44 side doors to facilitate natural draft operation 
It was a tough challenge to modify the top of Prill Tower to make a platform around the Prill 

Tower to facilitate operators for opening  44  side-doors  to revert back to Natural Draft Prilling 

in case of any technical problem in the system.  This is a unique design in the world. 
 

6.4 Modification of the roof plate at Prill Tower top 
The top of the Prilling Tower is at 80 m height and to cut away the 2 mm thick SS plate to make 

six openings and then weld the 2.2 m diameter ducts was challenging in the extreme windy and 

dusty conditions during June 2008. Also, modifications were done to accommodate the 3 m 

diameter ducts on two sides of the tower to bring the dust to the scrubber. 

 
Figure 7 

 



6.5   Successfully commissioned cleaning and crystallization without any lost day 
injury. 
 
7.0   Achievement Results 
7.1   Emission Control  
The performance test results (PTR) conducted after the commission of the project showed 

tremendous change in the dust and Ammonia emissions. PTR dates are tabulated below. All 

the guaranteed figures have been met. 
 

7.2   Performance Data: 
 

     Item      Unit     Before After Guarantee 

Urea Dust mg/Nm3 206 30 50 

NH3 Emission mg/Nm3 210 36 45 

 
7.3   New Product 
Urea – Ammonium sulphate solution has been crystallized and introduced as a new fertilizer 

product to the market under commercial name of super ammonium sulfate (SAS).  
 

7.4   Quality Improvement 
The new forced draft prilling has helped in removing most of urea dust and reduce the final 

product temperature. This has helped in reducing the caking tendency of urea prills.   

 
7.5   SABIC Sustainability 
By completing this project in Albayroni, no more environmental issues are pending in this 

affiliate. This project has helped Albayroni to score the 3rd position in Royal Commission 

Environmental award in year 2009. Also, this project gave SABIC the opportunity to participate 

in the IFA Green Leaf Award 2010.  
 

7.6   Water Conservation 
In the project design, DM water or potable water was planned to be used as makeup water for 

the cleaning unit scrubbers. However, Albayroni is producing waste water from urea plant 

which is discharged to Royal commission for further treatment. Now, this waste water has  

been utilized as the makeup water for the scrubbers. 20 M3/H of potable water has been 

saved.   



 

8.0    Conclusion 
 
SABIC is on constant search to adopt  state of the art technology  to be the pioneer to protect 

Safety, Health and   Environment .Urea and Ammonia emissions from the Prill tower or urea 

granulators can be brought down below international limits by acid-water scrubbing system 

effectively. Al-Bayroni and Safco plants experience in this project can be of high value lesson 

learned to plants who want to implement similar environmental projects. 
 
 
 
 
 
 

 
                                                                                                    Figure 8 

 
 


