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APPLICATION OF SCALABLE ANALYTICS IN A POWER PLANT 

What are the challenges when it comes to 
application of advanced analytics in power plants? 

The general aim when operating a power plant is the actual usage of operational data for 

process and maintenance optimization by advanced analytics. Typically, this is realized 

by implementing a data-driven central oversight function that supports the operation 

and maintenance staff. A major lesson-learned is that the results of a rather simple 

statistical approach to detect anomalies fall behind the expectations and are too labor-

intensive. Such analysis needs experts in order to interpret the detected anomalies which 

are defined as unusual operation points. 

The next step on the digital transformation journey is to provide actionable insights into 

the data. This is often referred to as prescriptive maintenance. With such a solution the 

system does not tell the operator that “something happened” but “what to do”. 

First, principle- or physics-based modelling provides additional insights into the data, 

since the results are directly interpretable. However, such approaches are typically 

assumed to be expensive to build and not scalable.  

 

What are successful strategies? 

Successful strategies concentrate on specific equipment with a clear use case. For 

example a model with a proven capability of reliably detecting irregularities in the 

temperature control valve flow characteristics and actuator can be applied to all 

temperature control valves within the plant. Another successful strategy is to concentrate 

on assets that actually have high criticality and have a significant history of issues. 
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How can Industrial Analytics help the plan 
operators to realize their digital strategy? 
Industrial Analytics uses hybrid models for monitoring of the industrial process and the 

machinery. These hybrid models use first principle- or physics-based models together 

with machine learning. The models can be thermodynamic process models of the plant 

which are fitted with historic data. These models can be used in order to perform 

dynamic simulations of the plant behaviour or to calculate expected values when used 

for monitoring. Compared to other software solutions for industrial process simulation 

these models are designed to be fitted based on historical data with a minimum of 

information necessary provided in data sheets or drawings on the actual equipment. The 

whole model is built for high performance since it is necessary to realize a live stream 

processing AI-service. A key functionality of such thermodynamic models is the correct 

representation of thermodynamic properties like heat capacity. Industrial Analytics uses 

different approaches to do a high-performant and accurate representation of all 

technical fluids. One option is the usage of a high performance version of NIST REFPROP.   

A prerequisite for application of machine learning algorithms in such critical applications 

is the assessment of the model uncertainty. Most machine learning applications are 

restricted to provide a best guess. A much better approach for this kind of application is 

the expression of uncertainty of this result in effect of size and significance. Only then one 

is able to draw conclusions. Industrial Analytics uses special algorithms, sometimes 

referred to as Explainable AI which are able to generate such results. The ability of these 

models is being improved continuously in collaborative research projects with different 

university partners.  

First principle model: Compressor Stage 

The development of the model goes 

back to experience of working for a 

turbomachinery manufacturer where 

the task was to rebuild the design 

software and to develop a new 

compressor impeller family including 

planning and realization of test 

campaigns. The model is built upon 

the general features of a compressor 
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performance map, including variable inlet and outlet guide vanes. It is based on many 

years of experience on how to describe the compressor characteristics in a universal way. 

In contrast to the model used for compressor design, it does not start with geometric 

parameters of the impeller which are modified to find an optimal solution for the 

operation points specified by the operator. The definition starts with historic data of the 

compressor stage. The geometric data is then fitted to best rebuild the historic data. 

This approach has - compared to pure machine learning - model two advantages: 

1. The results are directly interpretable (e.g. the head is lower than expected). 

2. The model does not tend to be overfitted to the data features’ much better 

extrapolation capabilities.   

Data Model 

A main differentiation between first principle and statistical models is the necessary data 

modelling. Working with first principle models in a scalable way means that the software 

needs to be aware of the properties of a data stream and the relations. For a statistical 

model everything can be simply data without the need of additional knowledge. The first 

principle model of, for example, a compressor stage needs to work with inlet and outlet 

conditions. It is mandatory to represent by the data model that the data stream is, for 

example, a temperature measurement in degree C and that it is located at the outlet of 

the compressor stage and at the inlet of the intercooler.  

The representation of the compressor stage with the relations of the data stream as outlet 

temperature of compressor stage and inlet temperature of the intercooler is in the AI 

context often referred to as an ontology. Industrial Analytics uses a graph-based data 

model for the semantic description of the item and representation of the relationships as 

4



APPLICATION OF SCALABLE ANALYTICS IN A POWER PLANT 

links. The flexibility of the approach allows to model different functional relationships. For 

example, the bearing temperature sensor is located in the bearing which is part of shaft x 

which is part of the compressor. The bearing temperature will depend on the load of the 

connected compressor stage, the speed of the shaft and of the oil supply. The function 

of the oil in the bearing is to lubricate and to cool the bearing. The knowledge of the 

different relationships can be modelled by different networks for example oil system or 

process. 

In general, the data model is used for several purposes. The main features are 

● mapping of data streams,  

● configuration of signal 

processing tasks, 

● definition of visualisation 

dashboards, 

● automation of fitting, 

training and running of AI-

services.  

The result is a data structure that 

represents the knowledge of the 

relationships and parts of the 

industrial process and configures 

all processing steps. 

Vibration Monitoring 

Major rotating equipment is typically not fatigue critical and can be operated for 40+ 

years. The enhancements in efficiency of new machinery are usually not sufficient 

enough to justify a replacement. This makes a lifetime extension of this machinery 

specifically interesting. Machinery vibration reacts highly sensitive to changes in the 

machine and provides early warning on the machinery condition. However, the extended 

vibration monitoring of existing equipment comes with several challenges: 

1. The machinery is sometimes not equipped with sensors or with a modern data 

acquisition. 

2. Systems consisting of vibration data acquisition hardware and software are 

typically closed and do not integrate into existing industrial IoT infrastructure. 
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3. The software provides functionality for visualisation of vibration spectra, trends 

and also special rotordynamic analysis like orbits, but is meant to be used by 

vibration diagnosis experts.  

Hardware Options 

The first important step is to identify the right partner in the digital transformation journey. 

Offerings from established vendors often fall behind in respect of innovation like open 

architecture, IoT interfaces and application of latest AI technologies. Very important is an 

intimate understanding of the machinery and industry, since otherwise the plant operator 

has a considerable specification effort in order to make the solution applicable. 

Retrofitting of sensors and / or data acquisition hardware in the machine has to be  

industrially approved with a high cost effectiveness. Industrial Analytics is using hardware 

from well-established vendors like ifm or Gebhardt Automation. The specialized vibration 

signal analytics is deployed on the device to ensure a seamless integration in the existing 

environment. An interesting alternative is to leverage the full functionality of the widely 

used Bently Nevada 3500 Monitoring System (BN 3500) and to extract analytics values 

like amplitude and phase at specific orders from the system via Modbus protocol without 

the need of any additional hardware. 

The transfer of analysis values from the edge device is done using open standards like 

OPC UA that provide a secure way of accessing data .  1

 

 Bundesamt für Sicherheit in der Informationstechnik; OPC UA Security Analysis; 02/03/2017 1

https://www.bsi.bund.de/SharedDocs/Downloads/EN/BSI/Publications/Studies/OPCUA/
OPCUA.pdf?__blob=publicationFile&v=2
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Signal Analytics 

The following list shows the analytics values used for monitoring. 

The shaft vibration displacement allows additional diagnostic rotordynamic analysis. The 

order analysis is possible to visualize shaft centerline, filtered orbit, Bode plot.  

AI-assisted Event Management 

The event management assists with information aggregation, classification and learns to 

support operators. With the UI user annotations are gathered in a way to train AI models. 

The trained AI is able to give advice to the operator on what to do in the actual event. 

With the models and the event management it is possible to retain knowledge on 

machinery and process. 

Example Temperature Control Valve  

The actuator of a temperature control valve with the oil system is not working properly. 

The team in the control room gets a series of event notifications from the control system 

as the bearing temperatures are above the specified warning level. When using the 

Industrial Analytics Prescriptive Maintenance the workflow is as follows:  

The functional system shaft vibration defined in the network within the data model shows 

that the bearing temperatures are within the expectation range due to the higher inlet 

temperature of the oil.  

Casing Vibration

Vibration velocity v_rms 
according to ISO 10816-3 
(1kHz)

The ISO defines absolute acceptance limits that are useful 
additional to a relative trend analysis. 

Vibration velocity peak-to-
peak 

Useful frequency range with max 10-30 kHz is used for 
monitoring  

Vibration velocity crest factor Changes of the crest factor indicate to problems like rub, 
looseness 

Frequency / order band 
power

Frequency bands relative to the machine rotational speed 
are defined to extract vibration signatures. For example an 
increase of sideband amplitudes are an indicator before 
changes in the overall values are found. 
The values are defined after an initial review of raw 
waveform snapshots. 

Octave An octave analysis gives a good overview on the vibration 
spectrum while using limited amount of data points
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The oil system also includes the bearing temperatures and reports the anomaly of the 

temperature control valve. The events that are within a typical cause and effect time 

period are aggregated. The user is not being confronted with a multitude of individual 

events, but already receives the information that these are connected. This decreases 

the reaction time and might lead to timely response and prevention of damage. 

The dashboard gives the possibility to label the combined event with hashtags 

(#ActuatorTCVdefect, #OilTemperatureTooHigh) and provides instructions on what to do. 

The expert information is now learned by the system and is shown as a recommendation 

on similar occasions. The similarity here is being obtained by the system using the 

semantics of the data model. A similar event needs to be connected to an oil system and 

the events need to be bearing temperature too high.      

 

Scalability 

The key to build scalable AI solutions is a data model that is flexible, standardized and 

holistic. The configuration should be at a single place and there should not be any 

individual solutions. Scalability for a software company often means giving the user a tool 

to do the work’. Industrial Analytics wants to provide a solution that actually solves the 

problem and goes beyond Templating possibilities that can be found in SAP Asset 

Central or OSIsoft PI Asset Framework but follow a flexible easy to configure approach.  

With the usage of tools that support the analysis of P&ID together with a productive data 

model, it is very easy, fast and flexible to build such solutions.  
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Monitoring of Turbomachinery  
The turbomachinery operator is lowering its maintenance cost by the extension of 

regular maintenance cycle from 3 to 5 years. The decision towards a possible extension 

of the recommended inspection period by the original equipment manufacturer (OEM) 

was driven based on the findings of past inspections. However, as the machinery is 

critical for the operation of the whole plant, it has been decided to systematically analyse 

the available process data and to make use of the existing vibration sensors. This 

verification by external experts using an AI-service is done in order to counteract the 

possible negative effect on uptime and insurance policy.   

The machinery is equipped with a machinery protection system BN 3500. There are two 

possible ways to apply data driven vibration monitoring in this case.  

Option 1 BN3500 

Configure the BN 3500 to extract additional peak-to-peak amplitude analytics values like 

1X amplitude and phase which already provide important information on the machine. 

The possible proportional values are listed in the BN3500 manual. By usage of the 

BN3500 Modbus TCP interface, the values can be transmitted to an IoT gateway. It is 

possible to reconstruct data for a filtered 1X, 2X orbit and to do a shaft centerline plot. 

With this option it is not possible to access the raw data and to show a complete 

spectrum or unfiltered orbit.   

Option 2 Buffered Out 

Another option is to use the buffered output of the machinery protection system and to 

have the full signal available for analysis. With this option it is possible to calculate the 

full spectrum of the two sensors and in case of events, the raw data can be used for 

diagnosis. 

With this option, it is also easily possible to add additional sensors. For example casing 

vibration sensors on the compressor volutes in order to detect flow instabilities and 

provide indicators for changes of the compressor surge line.  

Integration into data infrastructure  

A reasonable approach is to avoid independent data silos, but to follow 

an open integrated approach. The plant operator is typically in a 

position to demand full access to the data that is generated by his 

plant. In contrast, most of the existing vibration monitoring systems 
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provide limited functionalities to be integrated in existing infrastructure,  trying to lock 

the operator in their solution.  

OSISoft 
In this example the integration is done with interfaces to OSIsoft’s PI system. Industrial 

Analytics is a certified system integration partner of OSIsoft and has experience in 

providing interfaces using OSIsoft Open Message Format or the 

OPC UA interface. The installation is done with the operators Azure 

account using Kubernetes. The integration was especially 

successful since it is accompanied by building new PI Vision 

interfaces together with Industrial Analytics specialized solutions for 

vibration / rotordynamics diagnosis capabilities and events.  

SAP  
Interfaces to ERP systems are a very valuable extension to the 

Prescriptive Maintenance System. Due to high quality of the 

prescribed actions a connection to the ERP systems is very 

valuable. Industrial Analytics is part of SAP’s startup engagement 

program and has integrated its solution into SAP AIN, a health 

status from IA’s AI-IoT service is integrated in SAP AIN. Solutions that are realized together 

with implementation partner are for example the possibility to initiate a maintenance 

work orders.   

Outlook 
A further extension in order to boost the scalability is the usage of naming and data 

model standards. The IEC/ISO 81346 defines helpful rules for reference designation 

systems, which are commonly used, especially within power plants. The IEC/ISO 81346 

rules out the necessity to build a labeling depending on the context. There are strong 

initiatives like OPC UA, Mimosa, DEXPI that help to ease data exchange and provide 

contextual information. Engineering design tools like Aveva P&ID and Siemens Comos 

already allow P&ID import and export using ISO 15926. 
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