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Abstract 

Efficiency and efficacy (intended as the ability to achieve product quality, environmental compliance 
and easy maintenance) are today the objectives of any fertilizer producer facing the complex 
competition scenario and the sustainability requirements. 
Often efficiency is the result of a simple process scheme characterized by few steps rather than of 
a complicated multi step energy management arrangement. 
Coupling efficiency with efficacy means availing of reliable solutions for materials and equipment 
that allow attaining long life while meeting product quality and emission control goals. 
All this requires a long path of improvement of the process technology and the continue setup of 
the innovative solutions. This paper describes how this approach has been developed by 
Snamprogetti Urea Technology and how it is still pursued through the application of new simple 
and reliable novelties. 
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Efficiency and efficacy through 
simplicity in urea plants 

ALESSANDRO GIANAZZA, INIDA PAPA 

SAIPEM S.p.A. 
Milan, Italy 

Efficiency and efficacy (intended as the ability to achieve product quality, environmental 
compliance and easy maintenance) are today the objectives of any fertilizer producer facing the 
complex competition scenario and the sustainability requirements. 

Often efficiency is the result of a simple process scheme characterized by few steps rather 
than of a complicated multi step energy management arrangement. 

Coupling efficiency with efficacy means availing of reliable solutions for materials and 
equipment that allow attaining long life while meeting product quality and emission control goals 

All this requires a long path of improvement of the process technology and the continue set-
up of the innovative solutions. This paper describes how this approach has been developed by 
Snamprogetti Urea Technology and how it is still pursued through the application of new simple 
and reliable novelties. 

1. INTRODUCTION 
Tough challenges are posed by the current market conditions requiring for more energy effective solutions, 
and reduction of green-house gas emissions while ensuring higher reliability and flexibility of the fertilizer 
complexes. 
One of the main demands for both new design and rehabilitation of existing fertilizer facilities is to maximise 
energy efficiency, while ensuring a robust and flexible operation. This can be achieved with the smart 
integration of process steps aimed at optimising overall consumption levels, while ensuring robustness, 
flexibility and reliability in each operating scenario, matching all project boundary conditions and restrictions. 
Unscheduled downtime is one of the most critical aspects for plant profitability. Operation simplicity with 
leaner approach considering less equipment and fewer process steps can ensure a high on-stream factor. 
Furthermore the optimization of plant operation and rationalization of the energy usage allows minimizing 
raw materials utilization and improving plant emissions. 
As a matter of fact reliability pertains to plant management strategy which develops through the attention 
paid to operation as well as maintenance, with the scope of putting in practice all the necessary preventive 
measures to allow continuous and smooth production. A consistent, cost effective plant-wise integrated 
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process control and asset management will enhance plant reliability intended as dual feature of plant 
efficiency and efficacy, and this is one of the keystones for the profitability of the fertilizer plants. 
The concept of efficacy becomes central as it brings about the identification of the limitations that a quest for 
efficiency should consider. Pushing efficiency to the extremes by compromising process simplicity through 
the introduction of a complicated multi step energy management arrangement often results in a theoretical 
approach that is practically inapplicable. A solid attitude is required in order to achieve reliability in plant 
operation and maintenance, basing on a long track of experience coniugated with improvement of the 
process technology and continue set-up of innovative solutions. Thanks to the dual role of leading Licensor 
and EPC contractor of its Snamprogetti Urea Technology, Saipem S.p.A. is in the best position to ensure a 
holistic approach in order to enable fertilizer producers to fully exploit the potential of their plants, thus 
maximising profitability. 
The aim of this paper is to illustrate the reliable solution achievements within Snamprogetti Urea Technology, 
and how operational excellence is still pursued through the application of new simple and reliable novelties. 

2. SNAMPROGETTI’S UREA TECHNOLOGY RELIABILITY IMPROVEMENTS AND 
NOVELTIES 

The Snamprogetti Urea Technology is continuously developed and improved from both process and 
engineering point view, by incorporating features aimed at obtaining plant reliability and pursuing urea plant 
efficiency 

2.1. Improvement in Process Design  

2.1.1. The Snamprogetti SuperCups solution 
As part of the overall evolution of the Urea process, the Urea Reactor has been subject to a substantial 
development aimed at improving its fundamental contribution to the efficiency and reliability of the Urea 
plant.  
One of the recent development related to Urea Reactor is the new design of high efficiency Snamprogetti™ 
SuperCups trays whose application leads to an improved mixing effect in the bottom part of reactor, allowing 
operation near the theoretical equilibrium conversion and thus leading to lower energy consumption and 
reduced environmental impact. 

. 
Fig. 1: CFD modelling of urea reactor SuperCups 

The proprietary SuperCups trays drastically increase the mixing efficiency of the reactant phases 
(ammonia/ammonium carbamate and carbon dioxide), thus optimising the product conversion rate. The 
immediate benefit is the lower specific steam consumption requirement to decompose carbamate to CO2 
and NH3 in downstream Urea Stripper section and consequently an overall energy reduction of the Urea unit. 
Taking into consideration the necessity to minimise the pressure drop across the reactor, the improved 
mixing is obtained without any increase of compression energy for carbon dioxide 
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The innovative and sophisticated concept of SuperCups (Fig. 1 and Fig. 2) lies in the realisation of a 
confined reaction space within the reactor tray geometry, namely the cups. They perform as a number of 
mixing units where ammonia comes into contact with the gaseous CO2 in small bubbles 

 
Fig. 2: Fluid-dynamic effects of SuperCups Trays 

The SuperCups technology has been effectively applied: 
a. to a new generation of urea reactors: for further process optimisation leading to an 

innovative reactor with enhanced performance and reduced volume, which therefore 
requires a lower capital investment;  

b. to boost the performance of existing reactors in revamping of capacity increase and energy 
saving. The SuperCups can be easily adapted and installed in the replacement of existing 
trays. The enhanced performance ensured by SuperCups together with the limited extent of 
modifications necessary to upgrade an existing reactor ensures a very short pay-back 
period. The adoption of this proprietary solution obtains significant improvements with only 
a partial renewal of internals, unlike the other types of trays proposed on the market, which 
require the complete replacement of the original set. This approach of “marginal investment 
for tangible benefits” is the strategy that makes attractive revamp and modernisation 
initiatives possible (see Figure 7). 
 

 
Fig. 3: SuperCups Mixer Tray 

Snamprogetti™ SuperCups trays - Reference List (as of Oct. 2018) 
 Borealis - Agrolinz Linz, Austria  
 Fauji Fertilizer Company Ltd. -Mirpur Mathelo, Pakistan 
 Ordos Yiding Coal Chemical Co. Ltd. Ordos- China  
 Pro-Agroindustria S.A. DE C.V.- Pajaritos, Mexico  
 Pro-Agroindustria S.A. DE C.V.,-Pajaritos, Mexico 
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 Borealis - Agrolinz Linz, Austria (additional trays) 
 Profertil,-Argentina 
 Petrovietnam -Ca Mau Fertilizer Company, Vietnam  
 Hengam Petrochemical Company- Assaluyeh, Iran ( under execution)  
 HURL – Barauni, India (under execution) 
 HURL – Sindri, India (under execution) 

2.1.2. Tuttle Prilling Baskets By Saipem 
Saipem has recently acquired the Tuttle Prilling Bucket technology from Tuttle Prilling Systems, USA, owned 
by Mr. Donald Snyder. 
Over the last 50 years, Tuttle Prilling Systems (TPS) has designed, built and supplied over 1000 prilling 
systems, uniquely configured to meet a wide range of applications and specifications. This rotating prilling 
bucket, originally conceived in the late 1960s by Mr. Snyder’s late grandfather and business partner, 
Malcolm Tuttle, is the leading device, adopted worldwide in urea prilling towers for the production of high 
quality prills. 
As a result of several years of experience, the current design guarantees a uniform prill size distribution and 
cooling capability leading to less segregation of the final product, lower caking tendency and reduction or 
elimination of the need for screening and recycling of off-specification material.  
Tuttle Prilling Buckets by Saipem (see Fig. 4) are capable of producing prills of various specifications with 
mean prill diameters ranging from 1.4 mm to 2.3 mm, and have been used in plants with capacities from 270 
MTPD to 4000 MTPD.  
Saipem will continue developing and refining bucket designs, incorporating a unique blend of TPS’s 
theoretical knowledge and field experience with the wide engineering competences developed over the last 
70 years.  
The acquisition of Tuttle Prilling technology by Saipem is a step that aims to provide a total solution to 
operating plants. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 4: Tuttle Prilling Buckets by Saipem 

2.2. Improvement in Material Selection  
As far as the material of constructions are concerned, over the last 35 years there has been a lot of effort in 
material development applied in the SnamprogettiTM Urea Technology with the aim of increasing plant 
performance in terms of on stream factor and plant utilization factor. 

2.2.1. Urea Reactor 
In particular a continuous development has been performed for the Urea Reactor material of construction 
regarding the corrosive protection against the highly corrosive ammonium carbamate solution. 
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AISI 316L-Urea Grade (UG) or was applied in the past for internal lining layer as well as trays of urea 
reactor. Compared to nominal and commercial grade SS 316L, this 316L modified material includes different 
chemical composition improvements specifically developed for Snamprogetti’s Urea services specifications.  
Two important factors contribute to corrosion protection in urea environment: (i) oxygen inside the process to 
keep the material passivated and (ii) temperature control, whose increase means an increase in corrosion 
rates.  
Innovative material as UNS S31050 or 25Cr-22Ni-2Mo developed to increase resistance to ammonium 
carbamate corrosion has today replaced the 316L UG with a significant benefit to the yearly corrosion rate 
leading to extended equipment life. This material is presently considered a workhorse in SnamprogettiTM 
Urea Technology and is still used in most high pressure equipment. With more than 30 years of experience 
with this material, SnamprogettiTM Urea Technology has acquired significant experience through using 25-
22-2 in the HP section. The better performance of this material, which needs less oxygen and shows less 
metal loss compared to UNS 31603 (SS316L-UG), has improved reliability of the HP equipment. 
25-22-2 is today extensively used as a liner for the urea reactor, the separator, as well as in heat exchanger 
tubes for carbamate condensers. 

2.2.2. Urea Stripper 
The Urea stripper is of primary importance in any urea technology given its function of decomposing the 
carbamate into ammonia and carbon dioxide. The stripper consists of a vertical tube bundle with the process 
solutions flowing down along the internal walls of the tubes so as to ensure low residence time and obtain 
high heat transfer coefficients. The decomposition of the carbamate solution takes place practically at the 
same severe conditions as in the reactor including high pressure, high temperature, high corrosiveness of 
the solution and the presence of both liquid and vapour phases.  
In the first urea strippers, titanium was used as alloy protection against carbamate corrosion. Although 
titanium itself is suitable and has a strong resistance to corrosion from carbamate attack, phenomena of 
erosion/corrosion were the same detected (in the upper part of the stripper tubes) due to the fact that its 
oxide layer TiO2 is very soft and is prone to early detachment in aggressive environments. This localised 
attack (erosion in the top tubes) has the main impact in limiting the service life of this piece of equipment, 
thus affecting plant reliability. 
In order to find a material for the stripper tubes with the excellent anti-corrosion characteristics of Titanium, 
but without its inconveniences, SnamprogettiTM Urea Technology worked out and patented the bimetallic 
tubes (external 25Cr-22Ni-2Mo stainless steel + inner Zirconium layer). 
Today this solution has been adopted extensively throughout the world, with excellent feedback and 
flexibility in operation and maintenance (around 90 bimetallic strippers have been supplied worldwide). 
The bimetallic tube consists of two tubes: an external pressure resistant bearing tube in 25Cr-22Ni-2Mo and 
an internal tube in Zirconium Gr.702. These two tubes are fabricated separately and then assembled 
together by cold drawing.  
However, several design improvements are continuously accomplished. These optimisations affect operation 
and maintenance costs positively, decreasing the overall turnaround time, but most importantly eliminating 
unexpected failure and costly downtime. 

2.2.3. OMEGABOND® Advanced Tubing  
OmegaBondTM Advanced Tubing Technology is one of the new solutions adopted in Snamprogetti’s Urea 
technology for the Urea stripper tubes design to further strengthen plant reliability together with other 
features, pursuing urea plant efficiency. 
The OmegaBond tubed stripper - that was developed from the joint effort with ATI (former ATI Wah Chang)- 
presents the advantage of withstanding more severe conditions, in terms of higher bottom temperature 
(higher than 205°C temperature of bimetallic stripper), while allowing long life of equipment, optimization of 
plant operating conditions and minimization of required maintenance. 
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Fig. 5: OMEGABOND® Advanced Tubing Technology 

This Titanium/Zirconium extrusion-bonded tube (see Fig. 5) utilises solid-state joining technology where the 
interface between the two metals never reaches a molten state. The two alloys (Ti and Zr) are plastically 
“forged” together leading to a resultant joint with no diffusion zone, no inter-metallic compounds and no 
alloying. 
The first tests of this revolutionary tube solution started in 2005 at Fauji Fertilizer Ltd., Pakistan, while the 
first ever stripper installation was at Gulf Petrochemical Industries Co., Bahrain. Thanks to the long-term 
strategy for excellence in technologies and operation of those licensees of the SnamprogettiTM Urea 
Technology, this solution is now a reality on the market. Omegabond facilitates operations at higher stripper 
bottom temperature with a benefit in terms of reducing load in the downstream sections all of which is 
conducive to plant revamps. 
This proprietary solution brought several benefits such as a reduction in corrosion-related downtime, 
potential energy savings and, finally, the technology allows for more aggressive operating conditions with 
higher process yields. Indeed, this solution is reflected in maintenance and operation cost reduction and an 
increase in the life time of the stripper. It also eliminates the corrosion/erosion problems of the conventional 
titanium tubes. Six installations have been successfully commissioned around the world, confirming the 
improvement in urea plant efficiency and operation. 

3. LICENSOR- EPC CONTRACTOR DUAL ROLE SYNERGY  
The combined knowledge of Licensor and EPC Contractor of urea plant benefits the features of the 
Snamprogetti TM Urea Technology by allowing a continuous cross insemination of technology improvements 
thanks to the engineering and construction expertise. Moreover being Saipem strongly bounded to the End-
users of the urea plant advantages regular feedbacks from operating plants which have led to technological 
innovations in the Urea Technology. 
Technology knowledge is of fundamental importance but it is strictly important also all the related knowledge 
applied to carried out the entire project achievement. In this respect experience of Saipem as Contractor of 
the fertilizer complexes is leveraged to empower the Snamprogetti Urea Technology. In other words, the 
experience gained in all the execution aspects of the whole project can be the fundamental for the 
technology development and constitutes a distinguishing factor that can lead to excellence.   
In this framework, Saipem is a leader in the urea plant technology, being able to convey all the knowledge 
coming from its activity as main contractor of ammonia-urea complexes into its proprietary urea technology 
features. In this sense, it could be stated that the technology resides also in many engineering aspects which 
are determinant for the successful implementation of the project. 
The lessons-learnt from previous projects are properly managed and distributed among the various functions 
in order to identify in advance and eventually discard solutions that do not offer the necessary degree of 
confidence with respect to reliability and/or flexibility. 
The SnamprogettiTM Urea Technology development towards bigger urea plant capacity is a result of this 
continuous Licensor-Contractor synergy which allows improvement of technology through the design, 
engineering, construction and start-up direct experience of the Licensor. This compels to consider many 
more aspects than a pure Licensor would do in the development of the scale-up of a plant, since the 
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licensor-contractor knows. A pure Licensor would restrain from entering into much detail; in his effort to 
consider all the pertinent aspects a licensor-contractor privileges necessarily those features that allow an 
improvement of reliability and flexibility as a measure to mitigate the risks connected to an EPC turn-key 
contract for the plant. It is thus quite unlikely that a licensor-contractor leaves to a further stage of the project 
the identification and tackling to technological risks. 
The advantages that a licensor-contractor can bring into the design features of a urea technology are related 
to the incorporation of a wide experience in all the aspects of design, engineering, construction and 
commissioning of the plant as well as of its approach towards the desirable development of the technology 
itself. This goes to the great benefit of the technology adopter as it ensures that the technology is fit in all the 
aspects of design, engineering and operation.      
Additionally, new plant benefits of the improvements coming from previous experience in commissioning the 
plant, which are applied to the technology through design recommendations that eventually become part of 
the technology itself. 
Moreover the application of a structured lesson-learnt methodology, based on engineering and site activities 
feedback that can be performed by a contractor is a useful tool having a direct impact on the technology. 
All of this pouring of contractor sensibility and experience in the technology ensures an improved reliability in 
design, resulting in an enrichment of the design specifications compared to a pure licensor’s ones. 

4. CONCLUSIONS 
New solutions in Snamprogetti Urea Technology such as higher efficiency Supercups and OmegaBond 
Advanced Tubing Technology are being proposed to further strengthen plant reliability together with other 
features, pursuing urea plant efficiency with an efficacy based approach. 
The combination of expertise and knowledge as both Licensor and EPC Contractor in the execution of 
similar projects with the attitude for innovation is a plus that makes SAIPEM a front-runner for the current 
challenges as well as for the future scenario. The natural attitude of main contractor to continuously simplify 
the urea plant design by integrating operational feedback and simultaneously the effort of the Technology 
provider to empower Sanmprogetti Urea Technology with technological innovations have resulted in more 
efficient and  reliable urea plant.  
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