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1.  Introduction 
Progress in asset management technology is spurred with the recent waves of Industrial 
Internet of Things and Artificial Intelligence (A.I.). On static equipment condition 
monitoring is slowly gaining ground. Examples can be found where erosion at the well 
head is monitored, where corrosion monitoring on crude lines allows greater operating 
flexibility, and where known defects are monitored to reduce uncertainty and deal with 
long lead times for repair. In general these applications of digital technologies are 
believed to reduce cost and enhance safety and reliability [1]. 
 
As technology becomes more available, how can we make the related advantages more 
accessible? Application of this technology in Smart Asset Management [2] requires 
other ingredients besides technological tools: competent staff, suitable processes and 
most of all a clear purpose to integrate condition monitoring into the asset management 
process. This purpose could go beyond the way that processes and tasks are distributed 
in today’s organization.  
 
2.  Benefits of condition monitoring with permanently installed sensors 
The application of condition monitoring can lead to an improvement over manual 
approaches in the areas of safety, cost, accuracy and responsiveness. Permanently 
installed sensors offer a specific benefit in each of these areas. 
 
The safety aspect is relatively straightforward. A permanently installed sensor replacing 
a person taking manual readings leads to less man-hours in a hazardous environment. 
This could even lead one to start collecting condition information where hazards 
previously were considered prohibitive. 
 
Reducing the need to gain access to an object can also lower the cost associated with the 
inspection e.g. scaffolding, insulation removal, cleaning. Further cost reductions can 
result from the improved insight into the degradation mechanism and the influencing 
operating conditions. This supports optimized maintenance planning and maintaining 
the integrity operating windows for the asset. 
 
Condition monitoring results in a more accurate insight into the condition of the object. 
Repetitive manual measurements have shown inaccuracy due to variations in equipment 
calibration and repositioning. A permanently installed sensor avoids such variations and 
can provide a more accurate estimate of the degradation rate. And lastly, the ability to 
increase the frequency of measurements when applying condition monitoring allows for 
better responsiveness. If a failure, a change in the degradation rate or a threshold 
crossing occurs, this can be recognized and acted upon much faster. 
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Besides improving maintenance processes, the asset productivity can be increased if the 
integrity operating window for the asset can be determined and monitored closely.  
 
Obviously condition monitoring has limitations. Coverage of the full diversity of 
geometries and degradation mechanisms is a challenge. And unforeseen failure 
mechanisms usually are not covered by the sensors and algorithms. Future technological 
development will widen the useful application area. But just capturing data and adding 
that to the already available heap of operating data is useless.  
 
The benefits, however, can play their part in the asset management process towards the 
strategic priorities that the asset owner has set. These influence day-to-day decision-
making and provide the purpose for condition monitoring. 
 
3. Decision-making process 
In managing the asset, decision making requires a clear overview of facts, risks and  
objectives. In the presented model the sensor data and other data sources are interpreted 
by analytics models. These analytics provide a way to combine various sources of 
information and extend the model with feedback from reality. The dashboard 
information is used along with other insights by the decision maker. These “other 
insights” can be crucial in decision making and include priorities that follow from the 
strategic asset management plan. Feedback from actions is part of the continuous 
improvement of the analytics model. 
  

 
 
Setting up a structure like this can affect several departments and processes. In a typical 
refinery this could affect the departments of inspection, corrosion, maintenance, 
operations and IT, as well as external suppliers. Avoiding to include the various 
departments may lead to silo thinking, which limits the benefits of condition monitoring 
[4]. This indicates the challenge to implement large scale condition monitoring. To be 
able to come to an integrated approach to condition monitoring, the overarching asset 
management process needs to be considered. 
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4. Asset Management Process 
Asset management should contribute to the strategic direction of the organization in 
dealing with competing dimensions (e.g. productivity vs. cost) while acting to variations 
in the ecosystem (e.g. a temporary increase in product pricing or feedstock cost). An 
iterative approach is the best way to solve this multi-dimensional challenge. The asset 
management process as described in the ISO 55000-series [5] details the well-known 
plan-do-check-act loop at the various levels of asset management.  
 
It starts from the context of the organization and its strategic plans and objectives to 
build a strategic asset management plan for the entire asset portfolio. This is translated 
to plans per asset and detailed one layer down towards the parts of the asset or 
degradation mechanism. To close each loop, performance evaluation is required. Both 
the planning and performance evaluation of each loop builds on insight into the 
condition of assets. 

 
In the Asset Management Plan various methods such as Reliability Centered 
Maintenance (RCM) or Risk-Based Inspection (RBI) can be applied to prioritize 
activities and select an appropriate approach per part of the asset (object) or per 
degradation mechanism.  
 
At the level of the object or degradation mechanism the challenge is to determine the 
appropriate means to monitor identified risks and leverage opportunities. This is where 
a Condition Monitoring Plan considers the many practical aspects and describes the 
elements of the decision-making process introduced above. 
 
New capabilities that are achieved at a lower level in this chain should initiate a re-
evaluation of the overlying level. As the capabilities may influence the insights on 
productivity or risk mitigation capabilities. Hence technological advances in asset 
condition monitoring should trigger a re-evaluation of the Asset Management Plan. 
 
5. Cross-functional approach 
Many organizations have focused on managing the risks in their asset management 
process, thereby allocating room to maneuver in decision making to each department. 
This room to maneuver sometimes limits the perspective on the application of new 
technology, like advances in condition monitoring. Leveraging opportunities like 
optimizing the integrity operating window requires reviewing the boundaries.  
 
The challenge of co-operation and the pursuit of common goals is best supported with a 
common language. The ISO 55000 asset management standard can provide such a 
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language and a guideline for the discussion. This is an application beyond mere 
compliance and commands a thorough understanding of the strategic asset objectives 
and asset management processes throughout the organization. 
 
6. Conclusion 
The benefits of condition monitoring range from a reduced impact on safety and cost to 
a increased accuracy and responsiveness with regard to the condition of the asset. As 
many organizations are designed to manage risks, often a cross-functional co-operation 
is required to access opportunities and benefits of condition monitoring that go beyond a 
reduction in cost or safety-impact within one existing task. To reap these benefits 
condition monitoring should be evaluated and integrated throughout the asset 
management process as proposed by ISO 55000. 
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