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Abstract 
 
Prices' fluctuations and challenging environments in the Oil industry pushed companies to improve their productivity. 
They made constant pressures to improve Key Performance Indicators by improving efficiency and reliability and 
reducing operating costs. This work aims to present a Smart predictive maintenance framework in the Oil industry, 
which provides better process availability by reducing downtime and maintenance costs. This conceptual Smart 
Predictive maintenance framework arranges for a safer process by providing continuous process and device 
diagnostics, increases the plant's availability; reduces verification effort by providing real-time documented 
verification without process interruption; and enables near-zero downtime in operations by providing information for 
real-time predictive maintenance. Refinery personnel will be provided with real-time information about equipment 
failure probability and predicted services, and maintenance time. Moreover, predictive maintenance actions for 
specific parts are suggested accordingly to allow near-zero downtime in operations. A technical and economic 
feasibility studies were performed on applying the proposed conceptual smart predictive maintenance framework 
within an Oil company in Kuwait. This work helped practitioners, such as asset maintenance engineers and managers, 
to develop smart predictive maintenance infrastructure and its implementation in their organizations. 
Keywords 
Industry 4.0, Smart Predictive Maintenance, Oil Industry, Pipelines, FMEA 
1. Introduction 
The fourth industrial revolution (Industry 4.0) combines the latest technological innovations with manufacturing and 
services systems. It is a smart paradigm for future factories based on several intelligent technologies such as the 
Industrial Internet of Things (IIoT), Digitization and Digital Twins, Cyber Security, Big Data and Analytics, 
Autonomous Robots, Augmented and Virtual Reality, Cloud Computing and Additive Manufacturing.  
Industry 4.0 paradigm is changing everything around us in different domains and applications such as Smart Tools, 
Smart Appliances, Smart Building, Smart Mobility, Smart Logistics, Smart Utilities, Smart Agriculture, Blockchain, 
Smart Healthcare, Smart Institutions, and Smart Cities (See Figure 1). Industry 4.0 is continuously improving 
manufacturing practices based on using a vast scale machine to machine communication (M2M), robotics, and IIoT 
to increase automation and improve the self-inspection. Also, smart sensors can detect deterioration of machines' 
performance in real-time without requiring human intervention. This revolution is based on digital connections, digital 
twins, value chains, and value networks. It reduces production costs, saves time and effort, provides real-time 
optimization, and enables efficient organization and management. Several recent articles recommended integrating an 
Industry 4.0 roadmap with the corporate strategy, showing financial and strategic potentials and implementation order 
and duration (Grassi et al., 2020; Liebrecht et al., 2021). 
Similarly, Industry 4.0 enables enormous improvements in maintenance activities. Industrial Maintenance consists of 
various activities accomplished in the industry to ensure that machines and physical assets are available for any 
production. It enables reducing the number of breakdowns, having better utilization of production facilities, and 
promoting product quality. Any company can adopt different Maintenance strategies to manage failure modes. 
Maintenance strategies are classified into three categories: corrective maintenance, preventive maintenance, and 
predictive maintenance, which are discussed in Table 1 in the literature review. 
Industry 4.0 has spawned a new generation of maintenance approaches that transformed the traditional predictive 
maintenance into smart predictive maintenance. Smart predictive maintenance goes past traditional predictive 
maintenance in three different ways such as: 
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• It's able to monitor a system of connected assets. 
• It's able to automate several maintenance missions. 
• It's able to coordinate with other maintenance management system. 

 

 
Figure 1. The Fourth Industrial Revolution Industry 4.0 

Smart predictive maintenance is a modern maintenance approach that includes ongoing real-time monitoring and 
analysis that predicts outages and failures and provides proactive notifications. Performance deterioration will be 
detected quickly and simply before failure occurrence via various tools.  
In this graduation project, we studied the potential implementation of Smart Predictive Maintenance for the oil 
pipelines within an Oil Company in Kuwait. 
Oil and gas companies use pipelines as a primary means to transport their products. These pipelines are associated 
with many potential failure modes. Pipelines' failures can significantly impact oil and gas companies with many work 
interruption and shutdown since the failure is not continuously monitored. These failures will also lead to high 
maintenance costs, as they need to keep the item in good working condition by replacing the damaged parts of pipelines 
and purchasing a new one. Besides, sometimes the failures are located in tricky locations in the refinery that cannot 
be easily detected. Therefore, smart predictive maintenance should be applied to solve this problem.  
This work aims to present a Smart predictive maintenance framework in the Oil industry, which provides better 
process availability by reducing downtime and maintenance costs. The objectives of this smart predictive maintenance 
framework are: 

• To reduce maintenance activities costs. 
• To eliminate various failures and breakdowns through continuous monitoring for the equipment and process.  
• To decrease the time wasted in repairing or fixing damaged oil pipelines. 

Implementing this Smart Predictive Maintenance framework in a Kuwaiti petroleum company will help the company 
to reduce downtime, breakdowns, and failures. Also, to reduce maintenance costs and to increase productivity, and 
enhance oil pipeline quality. The roles of maintenance workers in the refinery will be optimized efficiently. 
 
2. Literature Review  
In this part, we justify selecting a predictive maintenance approach based on a comparison between the three main 
maintenance strategies (Corrective Maintenance, Preventative Maintenance, and Predictive Maintenance). This 
comparison is provided in the following Table 1. Corrective maintenance or failure-based maintenance corresponds 
to actions employed when functionality fails. It only needs to be performed when a machine breaks down (Thor et al., 
2013). The use of this approach is not economically desirable in some instances. Thus, another maintenance policy, 
preventive maintenance, has started drawing interest. It is conducted as scheduled to ensure a smooth manufacturing 
and machine functionality (Ruiz et al., 2007).  Such care reduces the risk of unexpected machine failures (Marais & 
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Saleh, 2009), but it increases the maintenance costs. Another maintenance alternative is predictive maintenance, which 
is also known as condition-based maintenance. Based on Table 1, we recommend implementing a predictive 
maintenance approach because it minimizes the downtime in operations without requiring continuous checking of 
equipment on a regular basis. Predictive maintenance addresses the root causes of systems problems and avoids work 
interruptions because it applies proactive actions following a performance deterioration. So, it saves costs, minimizes 
equipment downtime, and maximizes components lifetime. After the justification of predictive maintenance selection, 
we will explain the transition towards the application of Industry 4.0 smart predictive maintenance because it exceeds 
traditional predictive maintenance in various ways. 

Table 1. Comparison between classical maintenance strategies 

 CORRECTIVE 
MAINTENANCE 

PREVENTIVE 
MAINTENANCE 

 

PREDICTIVE 
MAINTENANCE 

DEFINITION 

This technique is applied after 
the apparent failure has 

occurred. It is also a process 
in which the error is 

identified and corrected so 
that the failed system is 

turned into a running state 
either by repairing it or 

replacing it if it can't be fixed. 

It is a process that is 
performed regularly to 
reduce the likelihood of 

failure, and it served during 
the work of the device so as 

not to collapse suddenly. 

It is about predicting 
when the item/ 

equipment failure might, 
and preventing the 

occurrence of the failure 
by performing 

maintenance. So that the 
component can be 

replaced, based on a plan, 
just before it fails. 

ADVANTAGES 

• The process is easy 
to understand since 
you only need to 
take action when a 
failure occurs. 

• Lower short-term 
costs. 

• Minimal planning is 
required. 

• It does not require 
condition-based 
monitoring. 

• Planning is the most 
effective advantage of 
preventive 
maintenance since 
unplanned 
maintenance leads to 
overhead cost, lost 
production, and higher 
cost of parts. 

• Equipment 
downtime is 
minimized, and the 
component lifetime 
is maximized. 

• Maintenance costs 
are minimized since 
maintenance 
activities are applied 
only when 
warranted. 

DISADVANTAGES 

Unpredictability, paused 
operations, work 

interruptions, and equipment 
are not maximized. 

It will cause over 
maintenance since it is 

regularly applied even if it 
is not needed. Also, it 

requires additional workers. 

High start-up costs, 
Need for specialized 

skills, limitations of some 
equipment. 

Smart Predictive Maintenance is based on monitoring a network of connected assets via IIOT to provide maintenance 
practitioners with a real-time updated global picture of all assets' conditions in a managed dashboard. Therefore, 
maintenance professionals can find patterns between machine failures and use a machine learning platform to optimize 
prediction algorithms strenuously. Predictive maintenance forecasts potential failures; however, smart predictive 
maintenance goes one step further and automates some maintenance tasks using data processing technologies. If a 
performance deterioration is detected in any equipment, smart predictive maintenance frameworks request a 
maintenance order from the maintenance department and assign a technician to adjust the equipment. Next, it will 
check the spare parts to replace the damaged component. 
Smart predictive maintenance aims to know the error and the failure before it occurs by connecting and integrating 
many data sources, such as machine failure, spare part supply, machine condition data, availability of service 
engineers, service level, and more. This data integration enables proactive dealing with potential losses, with faster, 
simpler, and cheaper actions. There are many tools used to detect the time and place of the failure before it happens, 
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such as sensor, as it is a device that has two functions, which are internal and external. Failure Modes and Effects 
Analysis (FMEA) is applied for analyzing potential failure situations (Sutrisno et al., 2015). Augmented Reality (AR) 
is also used in smart maintenance to visualize tricky potential problems in three-dimensional mode. With AR's help, 
instructions for carrying out maintenance activities are displayed to the user. For instance, repair and maintenance of 
technical plants. This support enables insufficiently qualified persons to accomplish complex activities by themselves, 
minimizes waiting times, and increases machine availability (Röltgen & Dumitrescu, 2020). 
The importance of the human element has been considered in the Industry 4.0 environment. Operators 4.0 are involved 
in supervising the automated production through advanced monitoring systems and user interfaces. The operator can 
be instructed by videos or text information through smart devices and can share its findings and experience in real-
time, contributing to the continuous improvement and development of efficient and safe maintenance (Silvestri et al., 
2020). The Industrial Internet of Things allowed people and things to be connected anywhere and anytime. Also, it 
made devices take humanitarian decisions through M2M. 
The literature review reveals a clear trend towards more automated and real-time decision-making algorithms due to 
the emergence of Industry 4.0. The availability of industrial sensors and big data technologies has led to more 
responsive information systems capable of efficiently supporting decisions ahead of time (Bousdekis et al., 2019). 
To sum up, Industry 4.0 smart predictive maintenance implementation help the technicians to check oil conditions and 
to know there are contaminants or no., based on automated oil analysis test to find out viscosity, presence of water or 
wear metal. Several sensors could be used to measure oil characteristics, such as temperature, density, and kinematic 
viscosity. This application helps the administrators to improve the efficiency of the maintenance department. It also 
helps repair the equipment condition, figure out the frequent issues, and have real-time information about equipment 
performance. 
 
3. Methodology 
This section explains the methodology of designing a conceptual smart predictive maintenance framework and 
applying it within the Oil industry. 
The oil and gas industry needs to implement smart predictive maintenance for oil pipelines since oil pipelines are 
crucial refineries elements regardless of whether in upstream, midstream, or downstream tasks. Oil pipelines are 
exposed to various failures because of the dynamic impact of material streams and dynamic natural conditions. Some 
examples of oil pipeline failures are corrosion, cracks, leakage, and debonding. 
Smart Predictive Maintenance helps to predict pipeline failures before their occurrence. It is a great support system 
that reduces monitoring activities. It applies information-driven procedures to predict future conditions of organization 
resources. It is a complex data-driven process, which tries to forecast future states of company assets, and it demands 
the integration of the collected data with other management information systems (Katona & Panfilov, 2018). 
The main components of smart predictive maintenance are listed below: 

• Sensors: They are used to check the equipment and analyze performance deterioration.  Different types of 
sensors are used, such as temperature sensors, pressure sensors, light sensors, color sensors, motion sensors, 
moisture sensors, etc. 

• Data communication: Infrastructure that makes the data flow and transfer between sensors and data center.  
• Central data storage: data flows through central data storage will be analyzed.  
• Predictive analysis: helps to identify the pattern by applying it to the collected data. 
• Root cause analysis: helps to decide the appropriate response either by maintenance engineers or by 

maintenance software. 
Industrial maintenance practitioners and managers need a conceptual model to clarify the concept of smart 
maintenance and develop its organizational design for plant maintenance management with digital technologies 
deployed (Bokrantz et al., 2020). So, the conceptual model helps to integrate maintenance actions with the overall 
performance of the oil refinery. It can also adjust to conditions that need data by depending on maintenance service 
demand information just as in the system physical data.  
Having sudden breakdowns or unexpected work interruptions influences the refinery productivity and decreases 
process reliability. Therefore, this will lead to stakeholders' disappointment. In this graduation project, the DAMES 
methodology is applied to design an efficient smart predictive maintenance framework and actions for the oil industry. 
DAMES consists of the following five steps: Define the problem, Analyze the problem, Make search about alternatives 
solutions, Evaluate possible solutions, and Select an appropriate solution. 
• Define the problem: Oil companies are exposed to various failures. These failures caused unplanned downtime 

around numerous days per year, work interruptions, and millions of dollars per year of high maintenance costs. 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 7070



The oil pipelines used for transporting oil get leaked due to a decrease in the pipeline's thickness. This leak can 
be triggered by chemical and mechanical problems such as corrosion and scratching. 

• Analyze the problem: The Failure Mode and Effect Analysis (FMEA) approach is applied in order to discover 
potential failures that may occur, analyze the causes and effects of failure modes, and know the most critical 
failures. Therefore, potential failures modes of pipelines and possible effects were examined. Failure causes were 
investigated, for instance, human error, process failure, and machine error. 
So, the potential failures modes and the potential effects of failures are listed in the data collection part. Besides, 
the severity of each potential failure was measured via interviews with the industrial experts based on the 
following severity scale in Figure 2. 

 
Figure 2. FMEA Severity Assessment 

The potential causes of each failure were investigated. After that, the probability of failure occurrence was rated 
based on the following scale in Figure 3.

 
Figure 3. FMEA Assessment scale for Probability of Failure Occurrence 

Then, the detection of failure was rated based on the scale in the following Figure 4. 
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Figure 4. FMEA Assessment scale of Failure Detection Likelihood 

Failure mode criticality was calculated based on the Risk Priority Number (RPN) measurement using equation (1). 
𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 × 𝑅𝑅𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 × 𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑆𝑆𝑃𝑃𝑃𝑃𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆. (1) 

• Make Search: In this step, we investigated alternatives solutions to detect failures in the oil pipelines. They are 
listed in the following Table2. 

Table 2. Searching for alternatives solutions 

Alternative 
Solution How it works Failure mode 

Pipeline smart pig 
(inspection device) 

Detects side cracks and welding effects using ultrasonic waves and 
magnetic flux characteristics Any failure in the pipeline 

Infrared pipeline 
leak detection 

It is possible to use video cameras with a special filter sensitive to a 
selected range of infrared wavelengths. Hydrocarbons absorb infrared 
radiation from the infrared wavelengths allowing the leaks to be 
detected on the video display as an image of smoke. 

Leak  

Pressure sensor 
It is a device that senses and converts pressure into an electrical signal 
and notifies the system administrator of any problems that need to be 
fixed. 

Overpressure   

Smart Ball  Detecting leakages of less than 0.1 gallons per minute in liquid lines 

Broken back pipeline, 
Overpressure, Corrosion, 
Peral cracking in the 
pipeline 

Humidity sensor Measure humidity  Corrosion, Coating  

Temperature 
sensor  Sensing pipelines temperatures that might cause failures Pipe wall rapture, 

Perforations 
Impurity and 
Contaminate 
Detection 

Detecting foreign objects and material build-ups in the pipeline Overpressure/undue 
pressure 
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• Evaluate Solutions: In this step, the alternatives solutions are compared to each other, and solutions advantages 
and disadvantages are investigated. As well, an economic feasibility study is performed for each solution. We 
performed an economic-financial analysis in order to get the Net Present Value (NPV) for each solution. NPV 
calculation is based on the initial investment, Lifecycle (n), required return (i), cash flows of generated saving 
and maintenance, and operations costs using the following equation (2). 

𝑅𝑅𝑅𝑅𝑁𝑁 = 𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
(1+𝑖𝑖)𝑛𝑛

−  initial investment                                    (2) 

• Select Solution: After comparing the Net Present Value, advantages, and disadvantages of each solution, one 
solution is selected based on a comparison table shown in the Results Part. 

4. Data Collection 
In the data collection phase, we identified the failures modes of pipelines, their causes and their consequences. An 
illustration about the FMEA analysis and results is shown in the results part. Besides, detailed actions were 
recommended in order to reduce these failures. 
Pipeline leak failure is a very critical defect in the Oil Company. This leak is triggered by: 
• Pipe wall rapture → due to temperature stress. 
• Coating → due to temperature changes of the pipeline. 
• Perforation → due to material high temperature 
In this data collection part, we will present an illustration example of comparing several alternative solutions. In the 
following Table 3, some advantages and disadvantages of each solution are highlighted. 

Table 3. Advantages and Disadvantages of identified solutions 

Potential Solutions Advantages Disadvantages 
Humidity sensor  
Hygrometric 

• Easy to clean 
• Simple in implementation 
• Lower cost 

• Limited accuracy.  
• Limited measurement range. 

Temperature sensor • Sensitivity 
• Accuracy 
• Cost-effective 
• Measure internal and external 

temperature to 1/100th of a degree to 
reveal deltas 

• Self-heating 
• Moisture failures 

Smart ball • Sensitive to pinhole-sized leaks 
• Accurate within 6 feet 
• Identify leaks as small as 0.028 gal/min 
• No service disruptions  

• It's very Expensive 
• Complex to setup 
• Limited use of sensors due to 

size 
Smart pig  • Inspection and detection of the pipeline 

to assess its integrity 
• Gather valuable pipeline information 
 

• use large amounts of water and 
energy 

• designed with solid magnets and 
complex external profiles 

 
 
5. Results and Discussion  
As a result, we are suggesting a Conceptual Model for Smart predictive Maintenance for the oil industry. This 
conceptual helps in enabling Near-Zero Downtime in Operations. The summarized steps to implement the conceptual 
model are presented in the following Figure 5. Concerning the selection of the appropriate solution, companies could 
identify their priorities in the selection criteria. In the below steps, only an economic criterion is mentioned. An 
improvement of this mode could be applying a multi-criteria decision method to select the most appropriate solution 
based on multiple technical and economic criteria such as cost, benefits, speed, accuracy, expenditures, and economic 
and financial analysis. 
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Figure 5. Summarized steps to implement the conceptual model for smart predictive maintenance 

After presenting the steps to implement Smart predictive maintenance, the oil industry's conceptual model is shown 
in the following Figure 6. This model helps the company understand Smart Predictive Maintenance's strategy before 
implementing it in real life. So, they will figure out the steps of monitoring the oil pipeline if any leak may happen in 
the pipeline and predict it before it occurs. In this way, it will describe mostly all relevant information for future 
applications. 

 
Figure 6. A conceptual model for smart predictive maintenance in the oil industry 
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Additionally,  a small illustration of non-confidential FMEA results is summarized in the following Table 4. Table 4 
shows potential failure modes for oil pipelines with their severity assessments (Sev), potential causes with their 
occurrence probabilities assessments (Occu), Failure mode detectability (Det), Risk Priority Number (RPN), 
Recommended actions, and the assessment of severity, occurrence probability and detectability after implementing 
the recommended action. 

Table 4. FMEA for oil pipelines before and after implementing actions. 

Ite
m  

Potenti
al 

Failure 
Mode 

(s) 

Potential 
Effect 

S
e
v 

Potential Cause/ Mechanism 
of Failure  

Oc
cu 

Current 
design 

Controls 

D
e
t 

R 
P 
N 

Recom
mende

d 
Action(

s)  

Acti
on 
tak
en 

S
e
v 

O
c
c
u 

D
e
t 

R 
P 
N 

Pi
pe 
lin
e 

Cracks Leak  8 fatigue cracking, stress 
corrosion cracking 2 replace the 

pipeline 8 128 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 8 2 2 32 

  
Pipe 
wall 

rapture 
Leak  4 

physical damage, age, 
condensation, temperature 
related stress 

3 
cutout the 
damage 
section  

3 36 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 4 3 2 24 

  Coating Leak, 
Corrosion 4 

soil stress, pipe movement, 
temperature changes of the 
pipe, and wet/dry, flood/ 
drought conditions 

4 
replace the 
damage 
part 

6 96 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 4 4 2 32 

  
Over 

pressur
e  

Oil 
leakage, 

Fire 
3 Oil flow too high  2 

leak testing 
by physical 
inspection 

3 18 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 3 2 2 12 

  Corrosio
n Leak 3 

the union of oxygen atoms 
with the presence of iron 
atoms in the presence of 
moisture forming iron oxide 

3 
preventive 
maintenan
ce 

3 27 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 3 3 2 18 

  

Broken 
back 

pipeline
s  

Decrease 
of fluids 

pressure, 
Leak 

6 blocked pipes, irregular 
maintenance, high pressure 4 

replace the 
damaged 
one 

5 120 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 6 4 2 48 

  Perforat
ion Leak 5 

corrosion, high percentage of 
salts, materials high 
temperature 

3 visual 
inspection  

6 90 

Smart 
predicti
ve 
mainte
nance 

20-
Jul 5 3 2 30 

The following steps are the recommended actions that emphasize smart predictive maintenance's conceptual model to 
apply it in real life. So interested maintenance personnel in the oil industry might follow them: 

1- Identify the defects that may occur in the oil pipelines. 
2- Use the FMEA approach to prioritize the most critical defect by: 

 Discovering the potential failure modes in oil pipelines. 
 Analyzing the potential effect of failures. 
 Assigning the severity rankings based on the severity of the consequences of failure. 
 Assigning occurrence rankings by rating the severity of each effect using customized ranking scales. 
 Assigning detection rankings for the chance of detecting the failure. 
 Calculating the Risk Priority Number (RPN) that equation (1) shows. 
 Developing a recommended action for each failure mode. 
 The highest RPN value is the most critical failure mode. 

3- Do a benchmarking about possible solutions such as sensors that could capture the most critical failure. 
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4- Evaluate these sensors based on different criteria such as cost, benefits, speed, accuracy, expenditures, and 
economic-financial analysis. 

5- Next, calculate the present worth value for each sensor and apply a multiple criteria-decision method that 
considers the Net Present Value. 

An example of the recommended solutions to detect leaks in the oil and gas industry is presented in the below Figure 
7  (Ariaratnam & Chandrasekaran, 2010).  

 
Figure 7. An example of recommended solutions to detect leaks in the case study adapted from (Ariaratnam & 

Chandrasekaran, 2010) 

This solution is Smart Ball for leak detection. It is a free-swimming acoustic leak detection device. It can detect small 
leaks early and determine the location with sufficient accuracy to allow for remedial action. The tool consists of a 
liquid aluminum alloy core containing a power supply, electronic components, and instrumentation, including a GPS, 
acoustic sensor, magnetometer, accelerometer, temperature sensor, and synchronized ultrasonic transmitter. The core 
is encapsulated inside either a polyurethane coating or a protective outer foam shell. Both of them can provide 
additional surface area to propel the device while minimizing the low-frequency ambient noise which is present in the 
pipeline. 
As the device crosses the pipeline, it acquires high-quality acoustic data that is evaluated to determine leaks. Three 
significant advantages have been identified since the Smart Ball acoustic sensor does not exceed the diameter of the 
pipe from an acoustic anomaly of interest, and they are:  

• Medium and Large Diameter Pipe: The Smart Ball can be used in medium and large diameter pipe to detect 
leaks. Many traditional leakage detection technologies have restrictions that prevent them from being used 
on medium and large diameter pipes. 

• Pipe Material: The Smart Ball can be used on pipes manufactured from any piping materials (including 
plastic, steel, concrete, etc.). 

• Sensitivity: The Smart Ball can detect leaks as low as 0.028 gallons per minute under ideal conditions. 
 
6. Conclusion 
To conclude, in this research work, we designed a conceptual model for smart predictive maintenance for the oil 
industry. A real implementation was conducted within an Oil company to reduce maintenance costs, minimize failures, 
and enable near-zero downtime.   This conceptual Smart Predictive maintenance framework arranges for a safer 
process by providing continuous process and device diagnostics. It increases the plant's availability, reduces 
verification effort by providing real-time documented verification without process interruption, and enables near-zero 
downtime in operations by providing information for real-time predictive maintenance. Maintenance personnel will 
be provided with real-time information about equipment failure probability and timelines to apply required services 
and maintenance. Moreover, predictive maintenance actions for specific parts are suggested accordingly to allow near-
zero downtime in operations. A technical and economic feasibility study on applying the proposed conceptual smart 
predictive maintenance framework in real life was conducted within an oil company in Kuwait. This work will help 
practitioners, such as asset maintenance engineers and managers in oil companies, decide on developing smart 
predictive maintenance infrastructure and its implementation in their organizations. 
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