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About the IFA Technical Committee 

The IFA Technical Committee encourages the development and adoption of technology improvements 
that can lead to greater production efficiencies and reduced emissions, as well as better health and 
safety standards throughout the fertilizer industry. Our mission is to actively promote the sustainable 
development of efficient and responsible production, storage and transportation of all plant nutrients. 
The Technical Committee accomplishes these objectives through a variety of channels, including: 

• Technical and policy-oriented information materials. The committee regularly conducts surveys and 
produces reports on key industry metrics, including the IFA Energy Efficiency and CO2 Emissions 
Report and the Health, Safety and Environment (SHE) Report. This work enables member 
companies to assess their operations over time, make comparisons with similar facilities on an 
established level of performance, determine the need for technology improvements and identify 
good industrial and management practices. 

• Regular exchange of information on technology developments and industrial practices. A key role 
of the IFA Technical Committee is to encourage ongoing technical innovation in the fertilizer 
industry through the development, compilation and exchange of technical information between 
members, researchers, engineers, equipment suppliers and other industry associations. To this 
end, the committee organizes a Technical Symposium every other year to examine progress in the 
production technology of fertilizers. Each Symposium traditionally features the presentation of 30-
40 new technical papers from member companies worldwide, providing members with information 
on the latest technological developments. In the intervening years, the committee holds a variety of 
meetings to assess current industrial practices and standards, with an eye toward identifying key 
developments of interest to members. 

• Technical and educational workshops and special events. The IFA Technical Committee provides 
workshops designed for engineers working in the fertilizer industry, particularly those who have 
recently assumed new responsibilities, and for new engineers to increase their technical 
knowledge. These workshops (e.g. concentrating on nitrogen and/or phosphate fertilizer 
production) are designed to improve the participants’ skills and broaden their vision and 
understanding of the entire industry, including technology, economics, energy use, safety and 
environmental stewardship. Workshops also provide engineers with an opportunity to exchange 
ideas, solve specific problems and improve plant operations and profitability. 

• Education and advocacy. The IFA Technical Committee recognizes that customers, markets and 
regulatory environments are best served by clear and concise information on the fertilizer industry 
and its practices and products. Because the knowledge and expertise found within the fertilizer 
industry is the best source for this information, the Technical Committee endeavours to educate 
policymakers, standardization bodies, customers and the public on industry achievements, 
technological advances, voluntary initiatives and best practices. The committee also encourages 
universities and development centres to conduct research on fertilizer product development and 
production processes. 
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Toyo’s ACES21®: Advanced Urea Production Technology 
 
 

Abstract 
 

During its more than 40 years of operations since its founding in 1961, Toyo Engineering 
Corporation (Toyo) has been playing a leading role in urea process development and plant 
engineering on the global stage. Toyo provides the solutions for urea plants that meet the 
demands of its clients through the entire lifecycle of their activities, utilizing its technical 
capabilities and abundant experience and accomplishments as an engineering contractor. 
Using its own expertise, advanced technology and new thinking, Toyo has established the 
ACES21TM Process, which achieves energy saving and plant cost reduction without 
sacrificing high performance and high efficiency of urea plant. ACES means “Advanced 
process for Cost and Energy Saving” urea production and ACES21TM has been developed 
together with P.T. Pupuk Sriwidjaja (PUSRI) of Indonesia as an advanced version of ACES 
Process.  
 
A major feature of this technology is that it reduces the number of equipment in the urea 
synthesis loop to simplify the system. This lessens construction costs with the installation of 
the reactor on the ground in CO2 stripping process. In addition, the operation conditions of 
synthesis section have been optimized under lower operation pressure than in the previous 
process. As a result, a remarkable reduction in energy consumption has been achieved. The 
feature of energy saving demonstrated in the reference plants contributes to reduction of 
CO2 emission as a greenhouse gas (GHG) from urea fertilizer complex. 
 
Toyo desires to contribute to sustainable growth of nitrogen fertilizer industry with cleaner 
environment, by continually improving its urea technologies. 
 

Contact details: 
Toyo Engineering Corporation 

8-1 Akanehama 2-Chome, Narashino-Shi, Chiba 275-0024, Japan 
Tel: +81 47 454 1526  -  Fax: +81 47 454 1536 

morikawa@pl.toyo-eng.co.jp  -  sakata@pl.toyo-eng.co.jp 
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Toyo’s ACES21®: Advanced Urea Production Technology 
 

Haruyuki Morikawa and Eiji Sakata, Toyo Engineering Corporation, Japan 
 
 
 
 
1. Introduction 
 
Since its establishment in 1961, Toyo Engineering Corporation (TOYO) has been playing a leading role in 
urea process development and plant engineering on the global stage. TOYO provides the solutions for 
urea plants that meet the demands of its clients through the entire lifecycle of their activities, utilizing 
its technical capabilities and abundant experience and accomplishments as an engineering contractor.  
Using its own expertise, advanced technology and new thinking, TOYO has established the ACES21®, 
which achieves energy saving and plant cost reduction without sacrificing high performance and high 
efficiency of the urea plant. ACES21® has been developed together with P.T. Pupuk Sriwidjaja (PUSRI) of 
Indonesia as a Cost and Energy Saving version of the ACES (Advanced process for Cost and Energy 
Saving) Process. 
A major feature of this technology is that it reduces the number of components in the urea synthesis 
loop to simplify the system. This lessens construction costs with the installation of the reactor on the 
ground in the CO2 stripping process, and resultantly existing urea reactor can be re-utilized for 
conventional solution recycle process or ammonia stripping process. In addition, the operation 
conditions of the synthesis section have been optimized under lower operation pressure than in the 
previous process. As a result, a remarkable reduction in energy consumption has been achieved. 
 
ACES21® has been first selected for 
modernizing a 1,620 MTPD conventional urea 
plant of Sichuan Chemical Works (Group) Ltd. 
(SCW) to increase production capacity to 
2,460 MTPD with the reduction of energy 
consumption by 30%. The first ACES21® plant 
for SCW (see Photo 1) has been smoothly 
operated since its successful commissioning in 
2004 [2].  
The second but the first grassroots urea plant 
based on ACES21® technology is for PT Pupuk 
Kujang Indonesia (see Photo 2). The fertilizer 
complex named Kujang-1B consists of 1,000 
MTPD ammonia unit, 1,725 MTPD urea unit 
with ACES21® and associated service unit. The 
start-up of the urea plant on October 24, 2005 
was very smooth and urea prills were 
produced only several hours after ammonia 
was initially fed to the plant. The performance 
test run conducted in January 2006 has 
demonstrated the important features of 
ACES21®, i. e. low energy consumption, 
environment-friendliness and high operability [3].  
 

In 2007, TOYO has been awarded two 
contracts, one to construct 3,250 MTPD urea 
plant in Iran, and another to construct 
2,200MTPD urea plant in Venezuela based on 
ACES21® and Spout-Fluid Bed Granulation 
Technology. TOYO is now executing three 
projects including the project in Trinidad to 
construct 2,100MTPD urea plant. As a urea 
technology supplier, TOYO supports clients in 
achieving lower cost urea production by 
simplifying lowering energy consumption. 
 
 

Photo 1. 2,460 mtpd ACES 21® Urea Plant, 
Sichuan Chemical Works (group), China. 

Photo 2. 1,725 mtpd ACES 21® Urea Plant,  
PT Pupuk Kujang, Indonesia. 
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This paper introduces ACES21® as an advanced urea production technology including study of CO2 gas 
emission as a Greenhouse Gas (GHG) on urea production and the introduction of ongoing projects 
applying TOYO’s urea technologies. 
 
 
 
2. Process Description 
 
Figure 1 shows a typical process flow diagram for ACES21® urea plant and Figure 2 shows a schematic 
flow sheet of ACES21® synthesis section consisting of a reactor, a stripper and a carbamate 
condenser. Liquid ammonia is fed to the reactor via HP Carbamate Ejector which provides the driving 
force for circulation in the synthesis loop instead of gravity for the original ACES Process. Most of the 
carbon dioxide with small amount of passivation air is fed to the stripper as a stripping medium and a 
raw material for urea synthesis, and the rest is fed to the reactor as a raw material and to passivate 
the lining of reactor. The reactor is operated at N/C ratio of 3.7, 182 - 184°C and 152 barG. The CO2 
conversion to urea is as high as 63 - 64% at the exit of the reactor. Carbamate solution from the 
carbamate condenser is fed to the reactor after being pumped by the HP ejector that is motivated by 
high pressure liquid ammonia. Urea synthesis solution leaving the reactor is fed to the stripper where 
unconverted carbamate is thermally decomposed and excess ammonia and CO2 are efficiently 
separated by CO2 stripping. Stripped urea solution is sent to MP decomposition stage to be purified 
further. The stripped off gas from the stripper is fed to Vertical Submerged Carbamate Condenser 
(VSCC), operated at N/C ratio of 2.8 - 3.0, 180 - 182°C and 152 barG. Ammonia and CO2 gas 
condenses to form ammonium carbamate and subsequently urea is formed by dehydration of the 
carbamate in the shell side. Reaction heat of carbamate formation is recovered to generate 5 barG 
steam in the tube side. Packed bed is provided at the top of VSCC to absorb uncondensed ammonia 
and CO2 gas into recycle carbamate solution from MP absorption stage. Inert gas from the top of the 
packed bed is sent to MP absorption stage.  
 

Figure 1. Flow Diagram of ACES21® Urea Process. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  2. ACES21® Synthesis Section. 
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Figure 2. ACES21® Synthesis Section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Process Features 

Low Elevation and Compact Layout 

In CO2 stripping technology, the reactor, the largest and the heaviest vessel in urea plant, is normally 
installed at 20-22 meter level so as to feed urea synthesis solution to the stripper by gravity. If the 
reactor is installed on the ground level, civil and erection cost can be greatly reduced. TOYO and 
PUSRI have jointly developed ACES21® process aiming at installing the reactor on the ground level, 
maintaining advantages of CO2 stripping technology. The two stage synthesis concept in combination 
of VSCC and the reactor is employed to enable the reactor be installed on the ground level and to 
simplify the synthesis loop. The forced circulation of the synthesis loop driven by HP carbamate 
ejector also makes the VSCC be installed on fairly low elevation. As shown in Photos 1 & 2, HP 
equipment in the synthesis section is laid-out quite compactly in low elevation. The highest level in 
the synthesis section, that is VSCC top, is only 30 to 35 m. 
 

Vertical Submerged Carbamate Condenser (VSCC) 

Figure 3 illustrates a configuration of the Vertical Submerged Carbamate Condenser (VSCC) which 
functions to:  

(1) Condense NH3 and CO2 gas mixture 
from the stripper to form ammonium 
carbamate in the shell side; (2) synthesize 
urea by dehydration of ammonium 
carbamate in the shell side ; (3) remove the 
reaction heat of ammonium carbamate 
formation by generating 5 barG steam in 
boiler tubes. 

Advantages of the vertical submerged 
configuration of carbamate condenser are:  

(1) High gas velocity, appropriate gas hold 
up and sufficient liquid depth in the bubble 
column promote mass and heat transfer; 
(2) An appropriate number of baffle plates 
distributes gas bubbles in the column 
effectively without pressure loss; (3) A 
vertical design inevitably requires smaller 
plot area. 

Figure 3. Configuration of VSCC. 
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VSCC is categorized into a kind of bubble column reactor with boiler tubes. VSCC consists of the 
condensation-reaction section in the main cylindrical shell and the scrubbing section with packed 
bed in the top. The condensation-reaction section is equipped with a U-tube bundle and baffle 
plates. A down flow pipe connects the scrubbing section and the condensation-reaction section so as 
to feed carbamate solution from the scrubbing section to the bottom chamber of the VSCC by gravity. 
Mixed gas from the stripper is introduced and distributed into the bottom compartment as small 
bubbles via a gas sparger.  

 

Carbamate solution is introduced to the bottom compartment of the condensation-reaction section 
from the scrubbing section via the down-pipe as absorbent. From the bottom to the top of the 
condensation-reaction section, the mixed gas bubbles rise through the bundle of boiler tubes and 
partially condense, contacting with urea-carbamate solution. The condensation (carbamate 
formation) heat is removed by the boiler tubes in which saturated boiler water is circulated by a 
circulation pump. The shell side volume is sufficient to promote dehydration of ammonium 
carbamate to form urea.  

 

Optimum Selection of Synthesis Condition 

CO2 conversion and equilibrium pressure vs. N/C is shown in Figure 4. In ACES21® Process, the N/C 
ratio in VSCC differs from that in the reactor. VSCC is operated at N/C ratio of 2.8 – 3.0 where the 
equilibrium vapor pressure of urea-carbamate solution gives the lowest. This optimum N/C selection 
allows VSCC be operated at relatively high temperature (180 – 182 °C) and low pressure (152 
barG), rendering efficient heat transfer between the shell and the tube and higher reaction rate of 
ammonium carbamate dehydration to form urea as high as 45% conversion from CO2.  

The reactor N/C ratio is selected at 3.7 to maximize CO2 conversion with appropriate excess 
pressure to that of equilibrium. As inert gas fed to the reactor is only 1/5 of that of conventional CO2 
stripping process, vapor fraction in the reactor decreases drastically and the reactor volume is fully 
utilized for urea synthesis reaction which takes place only in the liquid phase. Resultantly, high CO2 
conversion of 63 - 64% is achieved in the reactor at relatively low temperature and pressure, i.e. 182 
- 184 °C and 152 barG. The higher CO2 conversion at lower synthesis pressure requires less 
decomposition heat in HP stripper and less energy for CO2 compression and liquid ammonia and 
carbamate solution pumping.  

Since different N/C ratios are employed for the VSCC and the reactor, urea synthesis reaction takes 
place in two steps as shown in Figure 5.  

 

Figure 4. Equilibrium Conversion and Equilibrium Pressure vs. N/C. 
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Unique Heat Integration Concept 

The unique heat integration between the HP stage and MP/LP stages further reduces energy requirement 
(see Figure 6). MP steam is supplied to HP stripper in synthesis section to decompose and separate excess 
NH3 and carbamate. The stripped NH3 and CO2 gas mixture is sent to the VSCC to form ammonium 
carbamate solution. The reaction heat (condensation heat) in VSCC is recovered by generating LP steam. 
The generated LP steam is utilized in medium pressure decomposition stage, in the low pressure 
decomposition stage and evaporation stage. The heat of ammonium carbamate formation in MP stage is 
also utilized to evaporate water in evaporation section. This multiple heat integration concept, originally 
invented and developed by TOYO, realizes the most energy efficient urea process. 

Figure 6. Unique Multiple Heat Integration Concept. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table I summarizes utilities consumption for the following four cases: (1) all rotating machines are driven by 
electric motor, LP steam is exported; (2) all rotating machines are driven by electric motor, steam system is 
self-balanced (no export); (3) CO2 compressor is driven by 42 barG steam turbine; (4) CO2 compressor is 
driven by 110 barG steam turbine. 

 



 

- 6 - 

ACES21® is quite flexible for various utility environments. CO2 compressor is usually driven by steam turbine 
in middle to large scale. It is sometimes required to be driven by electric motor depending on availability 
and cost of steam (water) vs. electricity. In case CO2 compressor is driven by electric motor, ACES21® 
enables the urea plant be operated without exporting low pressure steam. High CO2 conversion in urea 
synthesis reactor, moderate stripping in HP stripper by adjusting steam pressure and efficient integration 
with 16.5 barG stage into the process minimize middle pressure (lower than 20 barG) steam consumption 
in HP stripper without sacrificing overall process efficiency.  

Table 1. Typical Consumption Figures of ACES21® Urea Plant. 

 Unit  Electric Motor Driven Steam Turbine Driven 
      
 - Steam Export Self Balance 42 bar Steam 110 bar Steam 
Steam Import      

22 bar x 300 ºC ton 0.67 0.58   
42 bar x 380 ºC ton   0.80  
110 bar x 510 ºC ton    0.69 

Steam Export      
5 bar, Saturated ton 0.24    

Cooling Water      
(∆T=10ºC) m3 52 52 81 75 

Electricity      
Process kWh 105 105 21 21 
Granulation kWh 24 24 24 24 

 
Notes: 
1) Unit: per metric ton of final granular urea product 
2) Including CO2 compression 

 

 

Less Corrosion 

TOYO and Sumitomo Metal Ind., Ltd. (SMI) have jointly developed new duplex stainless steel DP28W™ for 
urea plant. The remarkable advantage of duplex stainless steel is the excellent corrosion resistance and 
passivation property in urea-carbamate solution, which enhances reliability of equipment and enables a 
reduction of the passivation air. In addition, DP28W™ has high mechanical strength as shown in Table 2 
which drastically reduces the thickness of the high pressure section components. 
Corrosion resistance to urea-carbamate solution of DP28WTM has been proved in commercial plants. An 
example of immersion test result in Stripper is shown in Figure 7. 316L-UG corrodes very high because it 
cannot keep passivation film due to sever corrosiveness in Stripper. Even in this situation, DP28WTM shows 
excellent corrosion resistance, which provides 10-20% lower corrosion rate than DP12. 

DP28W™ is the optimal material for urea plants benefiting from the vast flow of feedback stemming from 
the extensive amassed experience of TOYO and SMI. 
 

Table 2. Example of Tensile Test Result of DP28WIM and Conventional Materials. 

 Tensile Strength 
(MPa) 

Yield  
Strength 
(MPa) 

Elongation 
 
(%) 

Hardness 
 
(Hv) 

DP28WTM 934 647 42 281 
DP12 822 610 42 251 
25Cr-22Ni-2Mo 676 352 50 173 
316L 518 234 52 144 
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Figure 7. Comparison of Corrosion Rate between DP28WIM and Conventional Materials in Stripper. 
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It has been reported for duplex stainless steel that accelerated corrosion in weld and HAZ sometimes 
causes serious trouble. This accelerate corrosion is caused by unbalanced ferrite/austenite phase 
proportion and/or precipitations of carbides/intermetallic compounds. DP28WTM has overcome this 
problem by optimizing chemical composition of base metal and by developing special welding material.  
Appropriate ferrite/austenite balance is kept even in HAZ under the favorable addition of austenite formers. 
Optimized addition of molybdenum and tungsten prevents sigma phase precipitation during thermal cycles. 
This gives DP28WTM good corrosion resistance in HAZ. 
 
Chemical composition of welding material for DP28WTM is modified from base metal considering rapid 
cooling rate which deteriorates corrosion resistance. Boiling nitric acid test (Huey test) result of all weld 
metal sample of DP28WTM is shown in Figure 8. Corrosion rate of DP28WTM weld metal is around half of 
DP12.  
 
 

Figure 8. Huey Test Result of All Weld Sample of DP28WIM and DP12. 
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DP28WTM has been registered as Code Case No.2496. Maximum allowable stress value in ASME SEC. VIII-
DIV.1 and design stress intensity value in ASME SEC. VIII-DIV.2 are shown in Figure 9 When DP28WTM is 
used, thickness of pressure retaining parts can be greatly reduced. 
 
 

Figure 9. Maximum Allowable Stress Value in ASME Sec. VIII Div.1 
and Design Stress Intensity Value in ASME Sec. VIII Div.2. 
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     of this m aterial is as stated in paragraph (c), above.
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Clean Effluents 

The liquid effluents from the urea plant contaminated with ammonia and urea are processed in the process 
condensate stripper-urea hydrolyser system. The process condensate leaving the system is purified to 1 
ppm of urea and 1ppm of ammonia. The exhaust air from the prilling tower or granulator is scrubbed 
through a packed bed scrubber to reduce the urea dust content to the required level, typically 30 mg/Nm3. 
Acid scrubbing is able to apply for reduction of ammonia in the exhaust air in order to satisfy for the 
restricted area 
 
 
 
4. Case Study of CO2 Gas Emission on Urea Production 
 
Now, global warming is one of the great concerns in the world. The increase in energy consumption has led 
an increase in the concentration of Greenhouse Gas (GHG), especially that of CO2, which increase 
atmospheric temperature and cause a serious problem of warming on a global scale.  It is important that 
the fertilizer industry takes actions to reduce total energy consumption through energy conservation 
technologies. 
 
 
A New Urea Plant Case 

Urea production itself contributes to the reduction of CO2 gas emission in the fertilizer industries. The urea 
plant producing 3,250 MTPD consume 829,730 MTPY calculated on the basis of 0.74 MT- CO2/MT-
ureaand 345 days/year. 
On the other hand, energy such as steam and electric power is consumed for the production of urea.  The 
typical utilities consumption of urea plant is summarized in Table 3 comparing Other Modern Processes 
and ACES21 incorporating TOYO’s granulation process, and CO2 emission rate is calculated as well on the 
basis of crude oil equivalent. 
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Table 3. Utilities Consumption. 
 
 

 Other Modern Processes ACES21 
Capacity (MTPD) 3,250 3,250 
Steam (MT/MT) 
(42 Bar, 380 °C) 

1.0 0.8 

Electric Power (kWh/MT) 58 46 
Cooling Water (m3/MT) 
( Δt = 10°C) 

100 81 

Energy Consumption    
   Gcal/MT 1.045 0.835 
   Gcal/Year (1) 1,171,710 936,240 
Crude Oil equivalent (MT/Year) 
(10,000 kcal/kg) 

117,170 93,624 

CO2 Emission (MT/Year) (2) 362,520 289,670 

Difference in CO2 Emission 
(MT/Year) 

Base 72,850 

 Note 
 (1) Running day is 345 days/year. 
 (2) CO2 Emission rate of crude oil is 3.094 CO2-MT/Crude Oil. 
 
 
As shown in above, the CO2 emission rate is fewer amounts than that consumed in urea production. 
Therefore, as a total, it could say that construction of urea plant contribute to the reduction of CO2 gas 
emission in the fertilizer industry comparing the case that only ammonia is produced or other nitrogen 
fertilizers than urea. Construction of urea plant using ACES21 with TOYO’s granulation plant can further 
reduce CO2 gas emission by approximately 72,630 MT/year. 
 
 
Revamping Plant Case 

The ACES21® Process is fit for revamping conventional solution recycle process plant in an efficient way. 
For example, TOYO’s Total Recycle C-Improved (TR-CI) Process plant can be revamped to have 150 % 
capacity of original nameplate together with 30 – 40 % saving of specific energy consumption, simply by 
adding VSCC, HP stripper and HP ejector to the synthesis section, utilizing full volume of the existing urea 
reactor installed on the ground level.  
Sichuan Chemical Works (SCW) realized energy saving by employing ACES21® Process in place of the Total 
Recycle C-Improved process in the urea plant. The revamp project was successfully completed in 2004. The 
typical calculation result of energy saving effect and CO2 gas emission on SCW plant is summarized as an 
example of the revamping project by ACES 21® in Table 4.  
 
 

Table 4. Energy Saving Effect and CO2 Gas Emission. 
 
      Before Revamp  After Revamp 
 

Capacity     1,620 MTPD  2,460 MTPD 
CO2 Consumption 
Energy Consumption   1.079 Gcal/ton  0.776 Gcal/ton 
      603,050 Gcal/year  706,780 Gcal/year 
Crude Oil Equivalent    60,305  MT/year  70,678  MT/year 
CO2 Emission    186,600 MT-CO2/Year 218,680 MT- CO2/year 
from Utility Facilities 
 
 

The energy consumption was reduced by approx. 30% in this project. The increase of CO2 gas emission is only 
13 % although the production capacity was increased by 50%.  
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TOYO’s Approach for Process Development 

Taking into consideration existing global environmental issues and the increasing demand for energy 
worldwide, it is essential that the fertilizer industry takes measures to reduce its total energy consumption 
through energy conservation and new energy technology development. 
TOYO have been developing urea synthesis and urea granulation technology aiming the reduction of energy 
consumption at all times. The urea plant applying ACES21® with TOYO’s granulation process is the most 
energy efficient plant, which contributes to the reduction of CO2 emission from the urea plant. The CO2 
benefits on energy saving and GHG emission reduction introduced above proves its advantage. 
 
 
 
5. Ongoing Projects 
 

Nitrogen Fertilizer Complex in Trinidad  

The ACES21® Process has been selected for the project in Trinidad project. 
TOYO has been awarded an engineering contract from MAN Ferrostaal AG (MFS) for the nitrogen fertilizer 
complex planned by Methanol Holdings (Trinidad) Limited (MHTL). This project, which is scheduled for 2009 
completion, is to construct a nitrogen fertilizer complex to produce Urea Ammonium Nitrate (UAN) and 
melamine, at Point Lisas Industrial Estate in Trinidad. The complex comprises a ammonia plant 
(1,850mtpd), a urea plant (2,100 MTPD), a nitric acid plant (1,520 MTPD), an ammonium nitrate plant 
(1,930 MTPD), a urea ammonium nitrate plant (UAN) (4,300 MTPD), a melamine plant (180 MTPD) and 
utility & offsite unit. TOYO licenses its own urea technology and provide basic and detailed engineering 
services for the urea plant and utility and offsite facilities and integration activities of the overall complex.  
The urea plant apply ACES21® technology, which supports clients in achieving lower cost urea production 
by simplifying equipment configuration and lowering energy consumption. This technological advantage and 
TOYO's capability backed up by successful completion of projects for Sichuan Chemical Works in China, and 
P.T. Pupuk Kujang in Indonesia together with TOYO's experience and capability in managing large-scale 
industrial projects. Table 5 outlines the profile of the Trinidad project. 
 

Table 5. Trinidad Project Profile. 
 
Plant Capacity: Urea 2,100 MTPD 
Location:  Point Lisas, Trinidad 
Urea Process:  TOYO’s ACES21® combined with melamine plant 
Scope of Work:   

MAN Ferrostaal General Contractor 
TOYO License & Basic/Detail Engineering Service for Urea plant, Utility and  

Offsite Facilities 
 Commercial Operation 2009 (expected) 
 
 
Fertilizer Project in Iran 

Nowadays urea plant capacity has been enlarging to 3,200 - 3,500 mtpd in single train. As urea plant 
capacity gets larger, ACES21® becomes more advantageous because fewer and smaller HP equipment are 
laid out in low elevation, greatly improving equipment manufacturability, transportability, constructability, 
operability and maintainability for the Jumbo Urea Plant. In January 2007, TOYO has been awarded a 
contract to supply license and basic engineering to build a 3,250 MTPD urea plant in Iran based on 
ACES21® and Spout-Fluid Bed Granulation Technology. This project is epoch-making regarding the following 
aspects: 

- The first ACES21® + Spout-Fluid Bed urea granulation plant in Middle East; 
- The largest single train Jumbo Urea Plant ever engineered by TOYO, where state-of-the-art urea 

technologies will be incorporated and demonstrated. 

The plant owner is Petrochemical Industries Development Co. and the end user of the plant is Shiraz 
Petrochemical Company. Table 6 outlines the profile of the Iran project. 
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Table 6. Iran Project Profile. 
 
 

Plant Capacity:      Urea 3,250 MTPD 
Location:       Shiraz, Iran 
Urea Process:       TOYO’s ACES21® and Spout-Fluid Bed Granulation 
Scope of Work:   

PIDEC(*)      Detail Engineering, Procurement, Construction and Pre-commissioning 
TOYO       License & Basic Engineering Service 

Commercial Operation    2010 (expected) 
 
(*)PIDEC: Petrochemical Industries Design and Engineering Co.  

 
 
Fertilizer Project in Venezuela  

The design of a 2,200 MTPD urea plant in Venezuela*, employing TOYO’s urea process technologies—
ACES21TM and urea granulation technology—is now under way. In June 2007, TOYO, MAN Ferrostaal A.G. 
(MFS) and VEC Ingenieria y Construction (VEC) were jointly awarded a contract from the national 
petrochemical company Petroquimica de Venezuela, S.A. (PEQUIVEN) for a large –scale project in 
Venezuela.  
The project involves the construction of a fertilizer complex comprising a 1,800 MTPD ammonia plant, a 
2,200 MTPD urea plant and utility and offsite facilities, which will utilize local supplies of natural gas as 
feedstock. The complex will be located at the site of the Moron Petrochemical Complex in Moron. TOYO, 
MFS and VEC will undertake engineering, procurement, construction and commissioning assistance on a 
lump-sum turnkey basis. The project is scheduled for completion in 2010. 
 
 
 
6. Conclusion 

 
A major feature of ACES21® is that it reduces the number of equipment in the urea synthesis loop to 
simplify the system. This lessens construction costs with the installation of the reactor on the ground in CO2 
stripping process. In addition, the operation conditions of synthesis section have been optimized under 
lower operation pressure than in the previous process. As a result, a remarkable reduction in energy 
consumption has been achieved. The feature of energy saving demonstrated in the reference plants 
contributes to reduction of CO2 gas emission as a greenhouse gas from urea fertilizer complex. TOYO 
desires to contribute to sustainable growth of nitrogen fertilizer industry with cleaner environment, by 
continually improving its urea technologies.  
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