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Big Data for Operator Support in 
Chemical Plants

The goal of the BMBF research project FEE was to detect critical situations in chemical plants at an 
early stage, and to develop assistance functions that support plant operators in decision making 
during critical situations.



2

Introduction
Driven by the development of the Internet and IoT, the amount of data 
we are generating every day has exploded in the last few years. 
Therefore, big data analytics has become increasingly important for 
many companies trying to mine data to better understand their 
business and make better decisions.

Industrial companies are no exception. Industrial automation has led 
to plants being increasingly IT-centric and data-intense. Today, a 
typical process plant like a paper mill, a hot-rolling mill or a 
petrochemical plant generates a large amount of data throughout its 
entire life-cycle: e.g. measurement values, alarm and event logs, shift 
book logs, laboratory results, piping and instrumentation diagrams 
(P&ID), control logic, alarm configurations and maintenance 
notification, and repair and inspection reports (during maintenance).

An increasing degree of automation is essential to stay competitive in 
the chemical industry. However, this adoption also leads to a decrease 
in operator experience and an increased risk of overburdening 
operators, especially in the case of abnormal/critical plant situations. 
In these situations, data analytics and machine learning approaches 
can be used to better understand plant dynamics, and thereby better 
support operators in charge of handling the plants.

The Challenges
A high degree of automation in chemical 
processing plants can have positive economic 
implications, especially in countries with high 
labor costs such as Germany. However, as 
mentioned, automation reduces the 
experience of the operators regarding the 
process dynamics and can lead to information 
overload in critical situations (like an "alarm 
flood"). When control is lost, human life and 
the environment is endangered, causing 
serious damage to assets and costly 
production downtime.

• Chemical plants are highly automated 
production sites producing TBs of data

• Data comes from various sources (Sensor 
values, alarm logs, shift books, etc.) 

• Critical operation conditions can result in a 
cascade of warnings (alarm shower) 
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The Project Goals

Change from reactive to proactive action

• Design and build a big data infrastructure to manage 
the data of the production plants 

• Develop methods for early detection of critical situations 
• Develop methods to help users during critical situations  
• Build Ad-hoc analysis functions to build intervention 

strategies 

Additionally, a prediction feature for industrial control 
systems can be delivered to plant operators as a product 
(e.g. as a control system product extension), as a service 
(e.g. a data analytics consultation service for existing 
plants), or a hybrid. So another goal was to find the right 
delivery system to accurately deliver predictive results to 
the plant operator, enabling the operator to act during 
critical situations.

A typical big data analytics workflow in process industries; experience has 
shown that the steps for understanding and preparing the data (dark red 
steps) are not only important but also very involved and time consuming 
(can make up 55%-85% of the overall effort), which needs to be carried out 
before any model development or analytics.

1. Klöpper B. et al. (2016) 
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Transforming industrial plant data into a standard data model to 
be stored as master data for analytics purposes. 

The Solution
• Extract, transform and load long-term historic data 

(10+ years) from production 
• Offline data analytics with big data tech and solutions 
• Fast and adaptive online methods to evaluate current 

situation and risk
• End user-centric environment for optimal usage 

and adoption 

During the project, the consortium managed to address 
and identify the previously mentioned pain points when 
establishing a data analytic pipeline in a chemical plant—
making it possible to demonstrate the effectiveness of 
applying machine learning, for example for automatically 
detecting and analyzing anomalous situations.

Knowledge Discovery

Entity 
Resolution

Data 
Profiling ETL Data 

Storage

Data Store

Plant Data Extract

A&E assets tags measures operator
notes …

1. Klöpper B. et al. (2016) 
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Below is a brief introduction to the ETL steps that were undertaken using RapidMiner and other tools 
to extract raw plant data and transform into an easy-to-analyze and offline data format.

Data profiling: Data profiling involves taking samples of the data and examining the structure and 
fields in each dataset to determine the characteristics of the relations and attributes. 
This process creates a better understanding of the dataset and ETL strategy to normalize the dataset.

Data Modelling: Industrial process plants always differ— no two plants are identical in the real world. 
However, you can identify common model elements that plants are typically comprised of, such as 
assets (e.g. a reactor column) and tags (e.g. a pressure sensor mounted to that column). Hence, it is 
possible to describe a general or “global data model” for analytical purposes for process industries.

ETL: Typically involves extracting data from several sources and performing different transformations 
like field transformation (e.g. split a composite attribute to atomic attributes and remove 
inconsistencies in the data) and loading the data into data store.

Data Storage: The data needs to be stored in a persistent storage system suitable for analytics. As 
most relations in process industry datasets are typically semi-structured, a relational view on the data 
helps the data scientist to reduce their ETL time. 
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The Future
Data analytics in process plants (like the chemical plants) is a 
tedious task, suffering from lack of accessible and organized 
meta-data. Any effort to improve this situation must consider the 
brownfield situation in these industries and should leverage 
existing data and information as extensively as possible.  

Investment in data science for preventing such unique and rare 
events might seem time consuming and it is often difficult to see 
immediate results. However, with a robust implementation you 
will have the right machine intelligence in place to prevent the 
loss of property and life in process plants.
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Endnote

FEE” is a German acronym for “Frühzeitige Erkennung und Entscheidungsunterstützung für kritiscche Situationen im Produktionsumfeld” 
which can be translated to “Early detection and decision support for critical situations in production environments”. The project is sponsored 
by the German Federal Ministry of Education and Research (Bundesministerium für Bildung und Forschung, BMBF). 

Project website: http://fee-projekt.de/
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