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Abstract 

In the context of industry 4.0, given its huge experience in process technologies, XSIGHT by 
Saipem is developing industrial analytics through Digital and Innovative technologies enable to 
provide a decision making support for Owners of operating plants, allowing productivity and 
maintenance optimization to be better planned with cost reduction and reducing unforeseen plant 
and equipment shutdowns which can be turned into shorter and fewer plant stops. 

Innovative methodologies are mainly based on finding correlations between operating data and 
equipment integrity status in order to predict when the items will fail/deteriorate through state of 
art machine learning techniques. Moreover, the process fertilizer know-how it is also integrated 
with other smart technologies to provide an additional value for End Users in plant enhancement 
phase. 

The present paper deals with the innovation brought by the above applications to the context of 
fertilizer business, thanks to the collaboration and sharing of experiences between End User and 
Contractor that makes the new methodology more effective. 

This paper was presented during the 2019 Nitrogen & Syngas Conference in Berlin. 
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In the context of industry 4.0, given its huge experience in process technologies, XSIGHT 
by Saipem is developing industrial analytics through Digital and Innovative technologies 
enable to provide a decision making support for Owners of operating plants, allowing 
productivity and maintenance optimization to be better planned with cost reduction and 
reducing unforeseen plant and equipment shutdowns which can be turned into shorter and 
fewer plant stops. 

Innovative methodologies are mainly based on finding correlations between operating data 
and equipment integrity status in order to predict when the items will fail/deteriorate through 
state of art machine learning techniques. Moreover, the process fertilizer know-how it is also 
integrated with other smart technologies to provide an additional value for End Users in plant 
enhancement phase.  

The present paper deals with the innovation brought by the above applications to the 
context of fertilizer business, thanks to the collaboration and sharing of experiences between 
End User and Contractor that makes the new methodology more effective. 

1. INTRODUCTION 
The current industrial sector is characterised by the utmost attention to environmental issues, a constant 
desire for lower CAPEX and OPEX, and at the same time, the continuous search for new products and 
innovative processes that are more competitive in an extremely challenging market and which can better 
address global environmental and energy issues. 
In this complex environment, major contractor Saipem is following a digitalisation roadmap to improve its 
efficiency and provide new digital services in plant enhancement frame through its XSIGHT by Saipem 
Division. 
As a result of Saipem recent reorganization process, the new XSIGHT Division focused on the early phase 
project development aims to be an efficiency accelerator, leveraging on SAIPEM’s recognized experience 
as EPC Contractor to support Companies in the project definition with an execution-oriented approach: 
techno-economical feasibility studies, Basic and Front-End engineering, etc.. XSIGHT has also embraced 
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the technological and digitalisation challenges of Industry 4.0 by focusing on the development of new 
collaborative design methodologies and data analysis. 
As equipment ownership cost is a function of three factors: purchase price, equipment life and 
maintenance cost; a digitalization program can support the End Users to reduce maintenance cost and 
ensure the equipment life extension, while improving system reliability thus maximizing profitability.  
In this context XSIGHT, combining process engineering know-how with smart technologies of Industry 4.0 
(Big Data & Analytics, Cloud Computing, Industrial Internet of Things (I-IoT), 3D Printing) is developing 
new services and methodologies portfolio to support plants Owners in decision making phase and 
downtime reduction. 
The aim of this paper is to describe the innovative methodology which is based on the unparalleled 
combined experience of Saipem as Licensor of Snamprogetti™ Urea Technology and EPC Contractor of a 
huge number of ammonia/urea complexes worldwide, coupled with digital capabilities. 
In particular, this paper presents several business cases applied to fertilizer field to demonstrate the added 
value of digital proposition. 

2. HOW TO INTEGRATE DIGITAL TECHNOLOGIES WITH PROCESS KNOW-
HOW 

The term Industry 4.0 describes the organization of production process based on technology and devices 
communicating with each other (IoT) along the value chain in virtual computer models. Considering this 
model, the computer driven systems monitor physical process, create a virtual copy of the physical world 
and make decentralized decisions based on selforganization mechanism. Refer to Fig.1: 

 
Fig. 1:  Industry 4.0 framework and contributing digital technologies 

The main Industry 4.0 features are: Interoperability, Virtualization, Decentralization and Modularity, but to 
achieve those benefits the real challenge to face, is the synergic integration of smart technologies with 
process know-how and the complexity of each plant.  
On this basis, XSIGHT has developed a set of digital services by fulfilling the requirement of integration to 
support plant life extension activity as outlined hereafter. 

2.1 Predictive Maintenance 
Predictive Maintenance (PM) is a prominent strategy for dealing with maintenance issues given the 
increasing need to minimize downtime and associated costs. One of the challenges with PM is generating 
the so-called “health factors,” or quantitative indicators, of the status of a system associated with a given 
maintenance issue, and determining their relationship to operating costs and failure risk.  
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The innovative methodology introduced by XSIGHT, based on data science, machine learning and artificial 
intelligence techniques, has been conceived for the analysis of plant operation and maintenance data and 
to make analytics in order to predict future events (e.g. to predict when an asset failure might occur) and/or 
to ensure process/energy optimisation and/or to improve quality product.  
The management of huge quantities of data is facilitated with the above approach, allowing the creation of 
data model to analyse the anomaly conditions of selected equipment. In particular the methodology is 
based on two main steps: 

1. Data Engineering phase, plant data are retrieved from DCS/Historian System, consecutive for at 
least 3-6 months with a sample time of 1minute. This is an offline approach, that considering the 
failure scenario of a dedicated equipment and the correlation of O&M data ensure an advanced 
trouble shooting service. 

2. Data Science phase, plant data are retrieved for DCS/Historian System in real time process, and 
starting from the insights and correlation found during Data Engineering, machine learning 
algorithms are applied to build up a real time data model for on line Predictive Maintenance 
Service delivered through a digital platform. 

It shows that it is necessary a combination of engineering, IT technological and digital competencies to 
understand the business case, retrieve data, define a data model, and implement the algorithms. 
For the above reason XSIGHT has developed an IT Infrastructure for real time Predictive Maintenance 
application based on Cloud and/or on-premise technology, as shown in Fig. 2, where XSIGHT algorithms 
are delivered and the results shown to Customers by a web portal. 

 
Fig. 2:  Saipem IT Infrastrucutre 

2.2 Digital As-Built 
As per previous section, XSIGHT can bring value to operations and maintenance data, by supporting 
customers to achieve their business targets. In addition, these data could also be collected in Smart Object 
allowing customers to benefit in the design phase in a collaborative digital space and in O&M phase as a 
Digital As-Built. 
Smart Object is an intelligent data repository with its proper representation in 3D virtual space that evolves 
its attribute during the different phases of project definition. (See Fig.3) 
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Fig. 3:  Digital As-Built schematization 

In this environment XSIGHT engineers as expert librarian, put the right volume (attributes) in the right shelf 
(data model) for each Smart Object to cover the entire project lifecycle thus allowing the customer to 
monitor each project phase. 
Within this digitalisation process, operations and maintenance data are linked with each Smart Object in 
conjunction with design data and all relevant quality documents. 
A Digital As-Built of existing equipment could be created to increase the traceability facilitating the storage 
of information. 

2.3 Additive Manufacturing 
The industrial plant operation is characterized by the use of special items in term of shapes, materials and 
dimensions due to the high complexity applications. Based on the above, the management of spare parts 
can be very critical considering that relevant delivery time can last for several months, so it is necessary a 
paradigm shift in manufacturing processes. Additive manufacturing is an alternative to the traditional 
product manufacturing process, where objects were designed by cutting and forcibly shaping raw material 
and constructing an object through the use of models and dyes. The additive manufacturing takes 
graphical data input from computer-aided manufacturing tool, and cuts the data to serve separate object 
layers or components. In particular, the segmented/layered graphical data is sent to a 3-D printer, which 
applies the required combination of raw material for that particular layer. The printer then adds up the 
product development layer by layer, stating form solid, liquid or powders, until it is completely designed 
and finished according to the design criteria. This approach applying to Oil&Gas and Chemical industry 
could guarantee the optimization of warehouse, spare parts and decreasing the downtime or re-design 
items in term of shape, weight and material increasing resistance to corrosion and erosion. 

2.4 Distributed Fiber Optic Monitoring 
It is based on Coherent optic technology that through the using of unique Fiber Optic sensor allows two 
classes of measures: integral measurements and distributed measurements. In addition all the main 
physical parameters are detected: strain, vibration, acoustic, ultra-acoustic, pressure, temperature, electric 
and magnetic field, current. 
This service provides to the owner of a fiber-optic infrastructure a remote monitoring of critical 
infrastructures (e.g. Pipeline or civil infrastructure) and hydrogeological observation to ensure predictive 
maintenance, corrosion prediction and energy saving. 
Moreover, it is applicable also for plant static equipment to monitoring the thermal profile or hairline crack 
to reduce inspection and maintenance activity. 

2.5 Drones Inspection 
To scan and map the existing plants or assets condition in real time and optimizing cost and time and 
ensure a high level of 3D Model generation directly from the surveys. Drones may provide quicker solution 
for operating condition analysing and assessing the “as built” information against the design or facilitate 
assessment on failure or downtime condition. 
XSIGHT developed an algorithm for image recognition starting from the pictures retrieved by drones, to 
asses if the wind farm towers are corroded or not. 
This application could be used also for flare inspection. 
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3. BUSINESS CASES  
In this section three (3) business cases are shown to illustrate how digital solutions applied to fertilizer 
plants can support the End Users to solve operation and maintenance issues, with a specific focus on : 

• advanced troubleshooting to identify failure causes 

• predictive maintenance to avoid future unplanned shutdown  

• additive manufacturing to solve corrosion issue 
Case 1 
One recent example of where XSIGHT has investigated the use of advanced analytics and machine 
learning is in the ammonia plant for the troubleshooting of failure of pumps operating at high pressure 
ammonia service. 
Target of this business case is to understand the cause(s) of HP Ammonia pumps (A/B/C) valve body 
failure; these pumps are in configuration two (2) running and one (1) spare. 
For the analysis three years of data were considered with a sample time of ~ 5 hours: the inlet pressure for 
each pump, the common flow rate, the current absorption for each pump, the gear oil pressure for each 
pump, the lube oil pressure for each pump and the winding temperatures for the pump B. 
Considering failure recurrence (18 times) and the complexity of time series, the analysis is very time 
consuming as shown in Fig.4, in fact to it is hard understanding the causes of the recurrent failure of valve 
body with a huge amount of data retrieved in a period of 3 years. So it was needed a problem 
simplification. In general, to analyse 3 years of data, it could be necessary several months, instead 
machine learning techniques can reduce dramatically the troubleshooting time. 

 
Fig. 4:  Time series visualization 

The machine learning can be divided in two main categories: supervised learning and unsupervised 
learning. 
Supervised learning: The computer is presented with example inputs X and their desired outputs Y, given 
by a "teacher", and the goal is to learn a general rule that maps inputs to outputs considering that Y=f(X). 
Unsupervised learning: is a class of Machine Learning techniques to find the patterns in data. The data 
given to unsupervised algorithm are not labelled, which means only the input variables(X) are given with 
no corresponding output variables. In unsupervised learning, the algorithms are left to themselves to 
discover interesting structures in the data. 
In this case the supervised learning technique can not be performed considering that the cause of failure is 
unknown and therefore an unsupervised learning technique based on clustering K-means has been 
applied.  
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K-means clustering is a type of unsupervised learning, which is used when you have unlabeled data (e.g., 
data without defined categories or groups). The goal of this algorithm is to find groups in the data, with the 
number of groups represented by the variable K. The algorithm works iteratively to assign each data point 
to one of K groups based on the features that are provided. Data points are clustered based on feature 
similarity. A graphical explanation is shown in Fig. 5: 

 
Fig. 5:  K-means exemplification  

XSIGHT set the best K factor (K=3), validated by engineering capabilities and automatically algorithm 
found the more correlated variables for the three pumps A/B/C.  
In Fig. 6 is shown the application of clustering K-means to time series: 

 
Fig. 6:  Clustering Application 

In the above figure the red dots at 1.5 level represent the failure dates, the pink the grouping of pump A, 
the purple the cluster of pump B, instead the ciano dots the cluster of pump C. 
Setting the K factor equal to 3, three levels of clustering were developed by algorithm with the following 
physical meaning: 

• CLUSTER 2: the pump is ON and the inlet pressure and the current absorption are as 
per nominal value 

• CLUSTER 1: the pump is OFF 

• CLUSTER 0: the pump is ON and the inlet pressure is as per nominal value, and the 
current absorption decreasing 

In this way it was very easy to identify the abnormal conditions in three years of data by Cluster 0. 
The Cluster 0 highlights that, before a failure event, three pumps were running for 15 days instead of two 
pumps running and one in spare see Fig. 7. 
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Fig. 7:  Abnormal Condition Pump A 

In the light of the outcomes of this digital analysis, the recommendation was to avoid simultaneous running 
of all the three pumps to save the pumps itself and mechanical parts as valve body, and subsequent 
ammonia plant misoperation.  
Case 2 
In the following business case, machine learning has been applied to support the operation of granulated 
urea production plant with particular focus on analysing the abnormal vibration events related to granulator 
scrubbers exhaust fan service.  
The granulator scrubber exhaust fan installed downstream the granulator dust scrubber allows the venting 
of the exhaust air to atmosphere. 
Since the fan is working in dusty service it is necessary to stop the fan and to clean the internals in order to 
remove the urea stacked on the impeller and other components. This urea layer is normally the cause of 
the fan unbalance with the consequent increase of vibration. 
A correlation matrix was adopted to highlight the strong dependence between vibration and water flow. 
After that a clustering K-means (as explained in Case1) was applied to simplify the behavior vibration in 
three groups (low, medium, high vibration) starting from 6 months of operating data (see Fig. 8).  

 
Fig. 8:  Clustering application for vibration 

As a first step, low vibrations data related to maintenance event or planned stop were deleted in order to 
clean the data set from noise. The filtered effective operation data were then elaborated using a 
supervised learning based on Neural Network technique. 
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Through a neural networks a prediction of 25 minutes (see Fig. 9) was developed in order to provide a 
warning for operator before vibration increasing, identifying in the meantime the abnormal plant conditions 
(operational misuse of manual valve). 

 
Fig. 9:  Predicitive warning 

Machine Learning Analysis (e.g. neural network) allowed not only to identify among several variables a 
correlation between flow-rate of injection wash water and fan vibration, but also to identify its characteristic 
time (influenced by fan inertia).  
The recommendation was to change operating procedure, allowing operators to use that manual wash 
water valve only once the flow-rate has been duly reduced. Nevertheless, to avoid any impacts in case of 
operating mistake, the fan structure was reinforced in the direction of the flow (x axis). With the 
implementation of this approach, potential fan damage and/or loss of production was avoided.  
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Case 3 
This last business case highlights the advantages of additive manufacturing design applied to an item of 
urea plant, and in particular for a carbamate mixer that could be subjected to erosion-corrosion 
phenomena.  
Nowadays the austenitic stainless steels used in the high pressure parts of SnamprogettiTM Urea 
technology offer good corrosion resistance only in the passive state. For this purpose, an additive 
manufacturing technique was used to re-design the item using a more resistant alloy made by powders. 
The first step was the creation of digital mixer 3D model started from the 2D drawing as shown in Fig. 10, 
followed by mechanical and stress analysis (FEM) and fluid dynamic simulation (CFD). 

 
Fig. 10:  From 2D to 3D Model 

Starting from the above simulation results, the mixer sprayer was redesigned to be printed with a suitable 
duplex material through 3D printing technology  based on Selective Laser Melting (SLM), that can 
accomplish a geometry optimization (see Fig. 11), absence of weldings, allowing weight saving and as well 
as improving corrosion and erosion resistance. 

 
Fig. 11:  Re-desing with additive manufacturing 

In addition thanks to additive manufacturing applied to a mixer, a shorter delivery time can be envisaged in 
comparison to conventional manufacturing route. 

4. CONCLUSIONS  
In this fourth industrial revolution era, given Saipem’s huge experience as global engineering contractor 
and Urea technology provider, XSIGHT by Saipem is developing and applying industrial analytics through 
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Digital and Innovative technologies enable to provide a decision making support for Owners of operating 
plants, allowing productivity and maintenance optimization to be better planned with cost reduction and 
reducing unforeseen plant and equipment shutdowns. 
The available smart technologies offer a big opportunity to reduce O&M cost in fertilizer plants. The major 
challenge is to integrate these technologies in existing plants without disruption. XSIGHT by Saipem face 
the 4th industrial revolution to support End Users in this transition phase with solutions sustainable in term 
of process integration and digital benefits. 
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