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ACES21-LPTM is TOYO’s latest urea synthesis technology, featuring the lowest synthesis pressure 
of 136 barG and the highest CO2 conversion among the latest commercial processes. The first 
commercial project of ACES21-LPTM is now in the engineering stage. g-UreaTM, “carbon neutral (or 
negative) urea process utilizing renewable energy and feedstock” is rapidly evolving. After two options 
for smaller-scale g-UreaTM, Scaled-down ACES21TM (less OPEX) and Advanced Total Recycle 
Process (less CAPEX) were presented in Nitrogen+Syngas 2024, TOYO has carried out further studies 
for the two options, focusing on energy flows and economic analysis of g-UreaTM. The studies review 
practical approaches to small-to-medium scale urea production in green environment, offering fresh 
eyes as a distinguished urea technology provider.As part of renovating vintage urea plants, TOYO 
recently completed three projects: two projects replacing existing reactors of a Total Recycle C Improved 
urea plant (45 years old) and an ACES urea plant (30 years old), and one project replacing a 
conventional CO2 stripping process (ACES) stripper with an improved ACES21TM stripper. These 
projects demonstrated excellent performance and reduced energy consumption. 

1. INTRODUCTION 
Toyo Engineering Corporation (TOYO) has developed and supplied reliable, efficient, and economical urea processes 
as a urea process licensor since founded in 1961. TOYO established ACES21TM in the late 1990s and has since been 
awarded 18 ACES21TM projects worldwide, including three world’s largest 4,000 t/d urea projects. TOYO developed 
ACES21-LPTM, a further advancement of ACES21TM, in the early 2020s. It is the most energy-saving and economical 
urea process in the world. TOYO possesses a variety of technologies that contribute to decarbonization and is the 
optimal partner for sustainable urea plants. This paper showcases TOYO’s latest achievements in decarbonization of 
urea production by ACES21-LPTM, g-UreaTM and renovating vintage urea plants. 

2. ACES21-LPTM 

2.1. Features of ACES21-LPTM 
ACES21-LPTM is TOYO’s latest urea synthesis technology, featuring the lowest synthesis pressure of 136 barG and 
the highest CO2 conversion among the latest commercial processes. 
The key to realize ACES21-LPTM is the sophisticated application of DP28WTM, conventional duplex SS and 316L SS 
to synthesis section combined with reduced passivation air. 
The concept of ACES21-LPTM enhances distinguished features of current ACES21TM as follows: 
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• Lowest synthesis pressure among commercial urea processes owing to uniquely optimized synthesis 
conditions and reduced passivation air requirement. 

• Highest CO2 conversion among advanced modern urea processes 

• Further energy savings (less OPEX) owing to less power requirements in CO2 compressor, ammonia & 
carbamate pumps by 5-10% 

• Less CAPEX owing to relaxed mechanical design conditions of synthesis equipment (synthesis section HP 
equipment cost reduction by 5-10%.) 

• Easily upgraded from existing ACES21TM to ACES21-LPTM by replacing some stainless-steel piping 
material with DP28W™ or duplex SS in most corrosive areas from stripper to carbamate condenser. 

2.2. First Commercial Project in Indonesia 
TOYO was awarded the first project to apply ACES21-LPTM in 2023. The project is to build a 2,750 MTPD urea plant 
for PT Pupuk Sriwidjaja Palembang (PUSRI-IIIB), designed for compatibility with both ACES21TM and ACES21-LPTM. 
This project is currently in the design stage and is progressing smoothly. The plant is scheduled to start operations in 
2027. Table 1 shows PUSRI-IIIB Project Summary. 

Table 1  
PUSRI-IIIB Project Summary 

TOYO’s Scope Urea Licensor 
(Licensing, Basic Design, Supply of Proprietary 
Equipment, Technical Services) 

Plant Owner PT Pupuk Sriwidjaja Palembang 

Location Palembang, South Sumatera, Indonesia 

Capacity 2750 MTPD 

Urea Process TOYO ACES21TM/ACES21-LPTM 

Ammonia Process Licenser KBR 

Mechanical Completion 2026 

Start-up 2027 

 
Table 2 shows a comparison between the existing ACES21TM plant (PUSRI-IIB, commissioned in 2017) and PUSRI-
IIIB plant. In the case of ACES21-LPTM operation, the lower synthesis pressure reduces steam and electric power 
consumption by 2% and 5% respectively, thus reducing CO2 emissions by 2%. 
As described in Section 1, the upgrade from ACES21TM to ACES21-LPTM involves only replacing existing stainless-
steel piping connecting Carbamate Condenser and Stripper with DP28W™ or duplex SS. Therefore, the existing 
ACES21TM plants can also be easily upgraded to ACES21-LPTM by reusing the existing high-pressure synthesis 
equipment and machinery in-situ with minimal modifications. 
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Table 2 
Comparison of existing plant (ACES21TM) and PUSRI-IIIB project 

(ACES21TM / ACES21-LPTM) 
 Existing Plant PUSRI-IIIB 

Process ACES21TM ACES21TM / ACES21-
LPTM 

Characteristics CO2 Stripping CO2 Stripping 

Synthesis Pressure [barG] 152 152-136 

Reactor N/C [mol/mol] 3.7 3.7 

Reduction in Steam Consumption Base 2% decrease at 136 barG 

Reduction in Electricity Consumption Base 5% decrease at 136 barG 

Reduction in CO2 Emission A) Base 2% decrease at 136 barG 

Note 

The reduction in CO2 emissions is an internal estimate by TOYO, calculated using the parameter “CO2 
emission rate 3.094 t CO2/t crude oil”, “Boiler thermal efficiency = 85%”, “Conversion factor in power 
generation = 2,646 kcal/kWh” based on the reduced steam consumption of the urea plant. 

 
As mentioned above, TOYO licenses ACES21-LPTM technology for both new urea plants and upgrading existing urea 
plants, contributing to CAPEX/OPEX savings and GHG emission reductions. 

3. G-UREATM 

3.1. Concept of g-UreaTM 
In pursuit of a carbon-neutral society, demand for TOYO’s g-UreaTM is increasing. This carbon neutral (or negative) 
urea process utilizes renewable energy and feedstock such as green ammonia, CO2 captured from industrial plant 
flue gases or DAC (direct air capture), biomass, and municipal solid waste (MSW). g-UreaTM plants will be, in many 
cases, small-scale (less than 500 MTPD) due to constraints in renewable resources and energy.  

 
Fig. 1: g-UreaTM production from green ammonia 

3.2. TOYO’s small urea plant technology 
TOYO offers two innovative process options for g-UreaTM; the energy-efficient Scaled-down ACES21TM and the 
CAPEX-saving Advanced Total Recycle Process.  
The urea synthesis flow diagram of the Scaled-down ACES21TM is illustrated in Fig. 2. 
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Fig. 2: Conceptual flow diagram for scaled-down ACES21TM 

The Scaled-down ACES21TM is designed for small to medium-scale plants (200 to 2,000+ MTPD), adopting a 
conventional fixed tubesheet vertical heat exchanger to carbamate condenser and a reactor with two partitioned 
sections. The advantages of the Scaled-down ACES21TM are as follows: 
1. Self-supporting Reactor without a U-tube bundle enables inspection and maintenance inside the reactor even for 

200 MTPD plant. 
2. Fixed tubesheet Carbamate Condenser without internal bore welding (IBW) requires only conventional welding 

techniques for fabrication and maintenance. 
3. Application of DP28WTM to the entire synthesis section eliminates the need for an HP Scrubber thanks to a drastic 

reduction in passivation air requirement. 
On the other hand, the conceptual flow diagram of the Advanced Total Recycle Process is presented in Fig. 3. 

 
Fig. 3: Process flow diagram for advanced total recycle process 

The Advanced Total Recycle Process is designed for small-scale plants (200 to 500 MTPD), though it is also applicable 
to smaller capacities, meeting the latest product quality and environmental requirements with advanced modern 
technologies. The advantages of The Advanced Total Recycle Process are as follows: 
1. High CO2 conversion (70% at N/C 4.0) under relatively milder conditions (196 barG, 192oC) compared to 

conventional total recycle processes, applying DP28WTM Urea Reactor equipped with TOYO’s proprietary baffle 
plates. 

2. Easier maintenance than stripping processes thanks to only one high-pressure critical equipment (Urea Reactor). 
3. Simplified electrification in a full-green environment with green ammonia and captured CO2, requiring only low-

pressure steam as a heat source, unlike stripping processes that need middle-pressure steam. 
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3.3. Future vision of green urea 
Having discussed TOYO’s small-scale urea plants potentially applicable to g-Urea, further consideration is given to 
the essential elements for the widespread adoption of green urea in the future. As illustrated in Fig. 1, green urea is 
produced using green ammonia derived from renewable energy and CO2 captured from DAC or flue gas. However, 
as shown in Fig. 4, the proportion of urea cost is only 5-10% out of total cost of whole green plant such as ammonia, 
CO2 capture, urea and utilities, where both CAPEX and OPEX are quantified. Therefore, for a fully green small-scale 
urea plant, the simplification of the urea plant’s operation is also considered a key factor to ensure ease of operation. 
This concept is further discussed below. 

 
Fig. 4: Breakdown of green urea price 

To achieve these goals, TOYO is applying or considering the application of meticulously designed guidelines across 
various areas. For instance, as mentioned, TOYO’s proprietary material DP28WTM is used in highly corrosive areas, 
which inherently reduces maintenance frequency. The equipment configuration and its internal components are also 
simplified to minimize maintenance requirements and to avoid unexpected shutdowns. Additionally, autonomous 
operation is considered a crucial element. Given that small-scale urea plants have the lower investment costs 
compared to other green units, it may not be feasible to allocate a large number of operators. TOYO is developing an 
advanced digital service, DX-PLANTTM, to achieve autonomous operation of urea plants. If realized, this would 
minimize the number of operators required for small-scale plants, allowing skilled operators to focus on larger and 
more complex plants. Furthermore, from the perspective of optimizing construction costs, modularization is also 
considered an important factor in reducing the workforce. 
TOYO has evaluated two options for small-scale urea plants, as described in Section 3.2, which are highly applicable 
to g-UreaTM. Looking ahead to the increasing demand for green urea and incorporating customer feedback, further 
improvements will be made as necessary. Fig. 5 presents a 3D model of our small-scale urea plant, demonstrating 
the compact arrangement of all equipment. 
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Fig. 5: 3D model of TOYO’s Small Urea Plant (200 MTPD) 

4. RENOVATING VINTAGE UREA PLANTS 

4.1. TOYO’s experiences in plant equipment replacement 
In this section, it is desired to mention TOYO’s simple retrofit projects, which involve replacing existing synthesis 
equipment in urea plants. Synthesis equipment in urea plants that have been in operation for over 20-30 years 
inevitably deteriorates and requires replacement according to the circumstances. Since 2000, TOYO has completed 
more than ten projects involving the replacement of synthesis equipment. Here, recent three projects are highlighted: 
two reactors and one stripper. These projects enhanced the reliability and plant performance by replacing synthesis 
equipment of the conventional total recycle process and TOYO’s former ACES process with the latest technologies. 

4.2. Vintage reactor replacement 

4.2.1. Improved baffle plate 
TOYO has recently completed two projects replacing existing urea reactors. One replaced the existing reactor of the 
total recycle process and the other replaced the existing reactor of an ACES urea plant. Both reactors have been 
upgraded with TOYO's proprietary high-efficiency cross-flow baffle plates without necessitating modifications to the 
rest of the plants. 
As illustrated in Fig. 6(left), in a reactor with conventional baffle plates, the liquid-gas contact predominantly takes 
place in the central region, with a certain portion of the liquid phase rising in peripheral areas without contacting gas 
phases. In contrast, the cross-flow baffle plates facilitate more uniform liquid-gas contact in a wider area (see Fig. 6 
(right) and Fig. 7. Despite their simple design, these advanced baffles achieve maximum efficiency compared to more 
complex configurations. 
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Fig. 6: CFD model showing liquid-gas contact in reactor (left: conventional baffle plate, right: cross-flow 

baffle plate) 

 
Fig. 7: Typical CFD result of cross flow baffle in reactor (left: gas flow, right: liquid flow) 

4.2.2. Reactor replacement project in India 
In the early 2020s, TOYO group was awarded a reactor replacement project in India. The project aimed to replace an 
existing titanium-lined urea reactor (no baffle plates) of the total recycle process. The original reactor, installed at the 
time of construction in the 1970s, was once replaced in the mid-1990s with another titanium-lined urea reactor. The 
new urea reactor was designed to be identical in size to the existing one, allowing the reuse of the existing foundation 
and associated piping, while incorporating TOYO’s updated technologies, including cross-flow baffle plates and 
DP28WTM. After the installation of the new reactor, TOYO dispatched supervisors for pre-commissioning, start-up and 
performance evaluation of the new urea reactor. The performance test run was conducted by the plant owner under 
TOYO’s supervision and was successfully completed on the first trial. Based on TOYO’s evaluation, the approach 
factor to the equilibrium CO2 conversion increased by approximately 2% under the same conditions as before the 
replacement, thanks to the improved efficiency of the cross-flow baffle plates. As DP28WTM shows excellent corrosion 
resistance, it can maintain the same amount of passivation air as the titanium-lined reactor. 
The plant owner had been troubled by repeated leaks from titanium-lined reactors. However, with the introduction of 
DP28WTM, such incidents are expected to be significantly reduced, greatly contributing to the reduction of maintenance 
costs. 

4.2.3. Reactor replacement project in Indonesia 
In alignment with the preceding project, in the early 2020s, TOYO was entrusted with a reactor replacement project 
for an ACES process plant in Indonesia. This project entailed the substitution of the old reactor, which featured nine 
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conventional baffle plates and linings material of 316L-UG, with a new urea reactor of identical size. The new reactor 
was outfitted with the latest cross-flow baffle plates and linings fabricated from 25 Cr Duplex S.S. This advanced 
reactor was installed on the existing foundation in the ACES synthesis section structure, precisely where the former 
reactor had been situated. Following its successful procurement and commissioning, the new urea reactor has 
exhibited exemplary performance, achieving a 1% higher approach factor to the equilibrium CO2 conversion and a 2% 
reduction in high-pressure steam consumption compared to the previous reactor. Considering that high-performance 
baffle plates in those days were already installed before the replacement, these results are deemed exceptional. 
Table 3 summarizes the overview of these two projects, including process information and performance. 

Table 3 
Outline of two vintage plant reactors replacement 

Plant Location India Indonesia 

Process Total Recycle Process ACES 

Original Construction Year 1970s 1990s 

Reactor Internal Before: No Baffle Plate 
After: Cross Flow Baffle Plates 

Before: Conventional Baffle Plates 
After: Cross Flow Baffle Plates 

Lining Material Before: Titanium Lining 
After: DP28WTM Lining 

Before: SS316L-UG Lining 
After: 25Cr Duplex S.S. Lining 

Synthesis Condition Pressure: 231 barG 
Temperature: 199oC 
N/C: 4.0 (mol/mol) 

Pressure: 166 barG 
Temperature: 187oC 
N/C: 4.0 (mol/mol) 

Improvement in Approach to 
Equilibrium 

2% Increase 1% Increase 

Reduction in CO2 Emission A) 3% decrease 1% decrease 

Note 

The reduction in CO2 emissions is an internal estimate by TOYO, calculated using the parameter “CO2 emission rate 3.094 t 
CO2/t crude oil”, “Boiler thermal efficiency = 85%”, “Conversion factor in power generation = 2,646 kcal/kWh” based on the 
reduced steam consumption of the urea plant. 

 

4.3. Stripper replacement project in Indonesia 
Here, an exemplary case of stripper replacement is introduced, showcasing an outstanding experience. In 2020, a 
conventional CO2 stripping process (ACES) stripper was replaced with an advanced ACES21TM model. Table 4 
outlines the general drawing of both the old and new stripper and summarizes their actual performance. Notably, the 
new stripper performance is exceptional, with a 2% improvement in stripping efficiency and a 3% reduction in high-
pressure steam consumption. This stability in performance is attributed to the enhanced design of the internal liquid 
distribution system. Moreover, the new equipment weight is reduced by 15% because of its simple internals, despite 
securing 20% of additional capacity. Thanks to its compactness, maintenance work becomes significantly more 
concise. This improved ACES21TM stripper can be applied not only to TOYO urea plants but also to other urea plants 
worldwide, promising substantial energy savings and performance improvements. 
At this particular plant, the carbamate condensers have already been replaced with new ones  incorporating DP28WTM 

lining to reduce maintenance costs by improving corrosion resistance. It is noteworthy that, due to the complete 
upgrade of the urea synthesis equipment to the latest models, simply replacing certain piping materials can reduce 
the need for anti-corrosion air. As a result, this facilitates a reduction in synthesis pressure, enabling low-pressure 
operation. This concept aligns with the ACES21-LPTM approach discussed in Section 2. 
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Table 4 
Process performance: ACES vs ACES21TM stripper 

 Before Replacement After Replacement 

Stripper Type ACES stripper 

 

ACES21TM stripper 

 
Reduction in Equipment 
Weight 

Base 15% decrease 

Improvement in Stripping 
Efficiency A) 

Base 2% increase 

Reduction in Recovery 
Carbamate Flow 

Base 12% decrease 

Improvement in Urea 
 Conversion in Reactor 

Base 2% increase 

Reduction in Steam 
Consumption 

Base 3% decrease 

Reduction in CO2 Emission 
B) 

Base 3% decrease 

Note 
A) Stripping Efficiency = ammonia gas flowrate decomposed in stripper / ammonia liquid flowrate fed in stripper 
B) The reduction in CO2 emissions is an internal estimate by TOYO, calculated using the parameter “CO2 emission rate 3.094 t 

CO2/t crude oil”, “Boiler thermal efficiency = 85%”, “Conversion factor in power generation = 2,646 kcal/kWh” based on the 
reduced steam consumption of the urea plant. 

 

4.4. Reduction of GHG emissions by point renovation 
The successful completion of TOYO’s retrofit projects described in this section can be effectively modernized in a 
short project timeline and brought online during a scheduled turnaround. TOYO offers “point (selective) renovation” 
services to replace critical equipment or sections of urea plants, thereby enhancing plant efficiency and reliability with 
minimal costs and risks. This approach is supported by TOYO’s extensive expertise and know-how, accumulated over 
60 years as a urea technology licensor. TOYO’s “point renovation” concept not only reduces greenhouse gas (GHG) 
emissions by the plant owner (scope 1&2) but also those associated with equipment manufacturing, transportation, 
and construction (scope 3) when compared to scrap and build. Furthermore, it significantly reduces resource 
consumption and waste by extending the operational life of the plants. 

5. CONCLUSION 
TOYO has made significant strides in the decarbonization of urea production through its innovative technologies and 
projects. ACES21-LPTM technology, with its low synthesis pressure and high CO2 conversion, represents a major 
advancement in urea synthesis, offering substantial reductions in power and steam consumption as well as CAPEX. 
The application of ACES21-LPTM in the PUSRI-IIIB project demonstrates its practical benefits and potential for future 
projects. 
The development of g-UreaTM, a carbon-neutral or negative urea process, further underscores TOYO’s commitment 
to sustainable practices. By exploring scalable options, optimizing modularization and performing thorough energy 
and economic analyses, TOYO is paving the way for green urea production methods that can be applied on a small 
to medium scale. 

・Simplifying internals 
・Keep existing foundation  

and nozzle orientation 
・Improved swirl tube 
・Improved liquid distributor design 



K. Kamikubo 

446 Nitrogen+Syngas 2025 Expoconference (Barcelona 10-12 February 2025) 

The replacement of two reactors and stripper in vintage urea plants with TOYO’s latest designs has proven to enhance 
performance and reduce energy consumption. TOYO’s “point renovation” approach enhances plant efficiency and 
reliability with minimal costs and risks. This approach reduces GHG emissions in whole supply chains of urea 
production (scope 1, 2, and 3), resource consumption, and wastes, while extending plant life. 
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