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AUTOPROFIT: 
Advanced Autonomous 
Model-Based Operation 

of Industrial 
Process Systems.

Delft University 
of Technology 

acted as the 
coordinating-

partner.

AUTOPROFIT ran under the 
European Seventh 

Framework Programme; 
Small or Medium scale focused 
research project, ICT 2009.3.5, 

Engineering of Networked Monitoring 
and Control Systems.

Total project costs 
have been calculated to at 

€ 2.580.264, 
of which the European Community 

contributed 
€ 1.750.000. 

The project-consortium was formed by 
Delft University of Technology, 

Delft (NL); 
Eindhoven University of Technology, 

Eindhoven (NL); 
Rheinisch-Westfalische Technische Hochschule, 

Aachen (DE); 
KTH Royal Institute of Technology, 

Stockholm (SE); 
ABB, Stockholm (SE); 

SASOL, Johannesburg (ZA) 
and Boliden, Stockholm (SE).

The duration of the project 
was 36 months starting on 

1st of October 2010, 
incorporating 

237 man-months. 

4 academic 
and 3 industrial partners 

from 4 different countries 
worked closely together in the 

research-project.  

Facts & 
Figures
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Model-based control and optimization systems 
such as Model Predictive Control (MPC) and Real-
Time Optimization (RTO) are now commonly used 
in process industry to optimize both the production 
process and the economic performance. Although 
these technologies offer substantial benefits on 
ensuring operational conditions and fulfilling 
product specifications, costs of deployment and 
maintenance are also significant.

AUTOPROFIT gains important reductions of 
these maintenance costs. It brings a high level of 
autonomy to these operation support technologies, 
hence minimizing human intervention. 

AUTOPROFIT uses a three-step philosophy in its next-generation support 
strategy:
1.	Decreasing modeling costs.
2.	Automating just-in-time maintenance of the models and the model-based 

application (MPC, RTO).
3.	Using economic criteria for detecting and diagnosing in the automated 

maintenance.

AUTOPROFIT is a three year European research project. Four academic and 
three industrial partners, known for their expertise on model based technolo-
gy, are working together in the development of ‘advanced autonomous model-
based operation of industrial process systems’. The project is co-funded by 
the European FP7 program.

The European process-industry faces massive challenges.

Just-in-time production of customer specified products is a

prerequisite to survival in a global demand driven market.

Product quality, pricing and delivery time put continuous

pressure on the improvement of production processes.

Furthermore, environmental regulations and scarcity of

raw materials are forcing industry to transform to more

sustainable production methods. Waste of basic material,

energy-loss and CO2 emissions need to be minimized.

Motivation 
& Philosophy Approach

Autoprofit
Maittanence
Work Cycle
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The basic principle lies in the continuous monitoring of key-indicators for 
economic performance. This economic performance can fluctuate under 
influence of changes in material costs or quality, energy prices or losses due 
to the violation of constraints.
The functioning of model-based control and operation systems declines over 
time. In case a significant performance drop is detected, an instant action 
from the operation system is desired. 
Least costly experiment design is used to diagnose the actual cause of the 
economic malperformance with minimal impact on resources. The algorithm 
examines process variables without production-loss.
Subsequently, the most economically effective way to recover the system 
performance is determined. Hence, identification of a new model in closed 
loop or retuning of the controller is inevitable.
At this moment linear, time-invariant models are the standard in model 
based control systems. AUTOPROFIT aims at the development of new linear 
models in closed loop. A future goal is the development of a model structure 
that can have both static as dynamic behavior, enabling smooth transitions 
between linear and nonlinear dynamics. 
 AUTOPROFIT uses a selection of weighting matrices for controller 
auto-tuning, focusing on a good balance between system robustness and 
performance.

The ultimate goal of the AUTOPROFIT-project is autonomous

maintenance of production processes. To achieve this

autonomy, meaning minimization of human intervention by

increasing the accuracy of model based controllers, the

project focusses on technology development in main aspects

of systems and control.

Performance

Monitoring

Detection/

Diagnosis

Modeling
Experiment 

Design/

Retuning
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“An exciting theoretical and 
  experimental adventure.” 
  Max Potters, MSc., Delft University of Technology

“Reaching new frontiers through   
  APC automation.” 
  Hernan Guidi, Sasol Synfuels

“Autoprofit is a good example 
 of perfect academia-industry 
 collaboration.” 
 Dr. Leyla  Ozkan, Eindhoven University of Technology

“A priceless experience and a  
 wonderful time working with the  
 academic and industrial partners 
 around the world.”
 Quang Tran, Eindhoven University of Technology

”Autoprofit has brought our least  
 costly framework a step forward   
 to maturity’.’
 Dr. Xavier Bombois, Delft University of Technology

 “We’ve never worked so closely  
  together with industry.”
  Prof. Dr. Hakån Hjalmarsson, 

  Sweden Royal Institute of Technology

“Autoprofit provides evidence 
 that real industrial problems can 
 trigger rewarding fundamental 
 methodological research”. 
 Prof. Dr-Ing. Wolfgang Marquardt, RWTH Aachen University 

“A valuable experience; A closer   
 bond to the ongoing academic 
 research. And additional insight 
 into how MPC maintenance can 
 be simplified using novel 
 algorithms.”
 Johan Boström, Boliden Mines

“Exciting, to advance the state of 
  the art in process operations 
  with a clear economic goal in mind, 
  with an international team of 
  enthusiastic young people”
  Prof. Dr. Ir. Paul Van den Hof, 

  Eindhoven University of technology

“Autoprofit has shown how the  
  industrial research can benefit   
  from the academic research, and 
  how the academic research can 
  be stimulated by the industrial 
  research.”
  Dr. Dario Piga, Eindhoven University of technology

“Limitations of state of the art   
  technology encountered in 
  industrial practice can result in  
  challenging academic research 
  with a high industrial relevance.”
  Dr. Jobert Ludlage, 

  Delft University of Technology

“Many fruitful discussions with  
  partners.” 
  Dr. Pelle Moden, ABB

“Challenges are the 
  milestones on the road leading 
  to the breakthrough”
  Dr. Roland Toth, Eindhoven University of technology

“Autoprofit increases the 
 confidence to implement  advance    
 control strategies in real 
 applications.” 
 Dieogo Munoz, RWTH Aachen University

“A unique opportunity to develop   
  industrially highly relevant   
  tools at the forefront of 
  research in collaboration with   
  academic and industrial partners.”
  Christian Larsson, MSc., 

  Sweden Royal Institute of Technology

“Researching industrially 
  relevant problems with 
  interdisciplinary vision and 
  communication skills, in 
  collaboration with experts 
  across various fields.”  
  Dr. Ir. Ali Mesbah, Delft University of Technology

“A challenging and rewarding 
  project, making me consider 
  the broader picture and the 
  constraints of a real world 
  situation.”
  Mariette Annergren, 

  Sweden Royal Institute of Technology

The Autoprofit 
Experience;
inside 
perspectives



Implementation 
Cases

To assure a successful transfer from study to operation,

AUTOPROFIT has implemented its research results on a

representative chemical process.

The plots above represent the implementation of the AUTOPROFIT maintenance 
work cycle on a depropanizer operator training simulator. 
The first plot shows the calculated performance index. At time t=100 min, an 
increase is diagnosed in the performance index. This is a clear indication of 
performance degradation; the key performance variable (KPV) starts exceeding 
the upper quality limit.
The performance diagnosis resulted in the identification of a new model in closed 
loop. Once the new model was identified and used in the model based control, 
the performance is recovered and the KPV returned to an acceptable value.
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•	 The technology is done; the fundamentals are ready for testing in real, 
commercial situations.

•	 The economic performance criteria are identified and are ready to be used 
in test signal design, performance-monitoring and diagnosis.

•	 Novel model calibration and adaptation techniques are developed.
•	 The basic principles for nonlinear modeling (LPV) are ready for

implementation.
•	 Least costly test signal design in closed loop has been developed. This 

fundamental technique balances the test duration and impact on process 
operation against the accuracy of the new model.

•	 The model based control application has evolved for automated (re)tuning.
•	 A practical tool which integrates all of the technological developments into 

a single software package has been developed with an intuitive graphical 
user interface. GUI allows the tool to be used by the wider process control 
community. 

The AUTOPROFIT project has already lead to promising results 

in the pre-field development phase. Close-cooperated 

research between the academic and industrial partners 

has resulted in the following outcomes:

results

Overall 
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To arrive to this ideal situation, in the context of the AUTOPROFIT research 
project, the technology needs to be extended to non-linear model based 
control. Fundamental research in this direction is elementary.
It would, besides, be interesting to adapt and implement the AUTOPROFIT-
technology to different types of industrial processes.

Future 
Perspectives

autoprofit 
partners

In the ideal situation, the European process-industry operates

in full autonomous control. Human interaction has been

eliminated. The process control is realized by the so called

‘Smart intelligent model-based controllers’.

Delft University of Technology, 
Center for Systems and Control
Delft Center for Systems and Control (DCSC) 
coordinates the education and research activities 
in systems and control at the Delft University of 
Technology. DCSC has been established in 2003 
by merging the systems and control groups of 
Electrical Engineering (EWI), Mechanical 
Engineering (3mE), and Applied Physics (TNW).

Eindhoven University of Technology, 
Department of Electrical Engineering,
Control Systems
The control systems group aims to carry out 
fundamental and application oriented research 
that enables novel technological developments 
in a wide variety of application domains including 
electrical engineering. Our vision is to apply and 
develop techniques for the automated control and 
optimization of dynamical systems so as to influ-
ence their behavior towards desired specifications 
of performance, safety, efficiency, product quality 
and environmental conditions.

Rheinisch-Westfalische Technische
Hochschule Aachen, AVT, (Aachen 
Chemical Engineering Department),
Process System Engineering Group
The research group has been founded in November 
1992 as a result of a joint initiative of RWTH 
Aachen and Bayer AG, Leverkusen and is being 
directed by Prof. Dr.-Ing. Wolfgang Marquardt. The 
research covers different topics of process systems 
engineering which link chemical engineering with 
computational engineering science. It is focused 
on the development of basic principles of mathe-
matical modelling, the combination of experiments 
and modelling, conceptual process design, process 
operations and control as well as the development 
of numerical algorithms and software-tools. 
 

10

KTH Royal Institute of Technology, 
The School of Electrical Engineering, 
Automatic Control Lab. Stockholm
The School of Electrical Engineering at KTH carry 
out research and education in fundamental areas 
of information and communication technology, 
including automatic control, signal processing and 
wireless communication. The Automatic Control 
Lab consists of about thirty researchers, including 
PhD students, and five professors. Major research 
areas include networked control, control and 
optimisation of communication systems, hybrid 
control systems, autonomous control and system 
identification. The Lab has long tradition in colla-
borating with internationally leading industry (e.g., 
ABB, Bombardier, Ericsson, Scania) and academia 
(e.g.,UC Berkeley, Caltech, Stanford, ETH Zurich, 
SICS, INRIA). 

ABB Process Automation, Stockholm
The main focus of the ABB-Process Automation 
division is to provide customers with products and 
solutions for instrumentation, automation and 
optimization of industrial processes. The industries 
served include oil and gas, power, chemicals and 
pharmaceuticals, pulp and paper, metals and 
minerals, marine and turbocharging. Key custo-
mer benefits include improved asset productivity 
and energy savings.

Sasol
Sasol is an integrated energy and chemical 
company based in Johanneburg, South Africa. The 
company was formed in 1950 in Sasolburg, South 
Africa. Sasol develops and commercializes techno-
logies, including synthetic fuels technologies, and 
produces different liquid fuels, chemicals and 
electricity. 

Boliden
Boliden is a metals company with focus on 
sustainable development. The roots are Nordic, 
but the business is global. The company’s core 
competence is within the fields of exploration, 
mining, smelting and metals recycling. Zinc-, 
copper-, lead-, gold- and silver-bearing ores are 
mined in Boliden’s four mining areas. The ore 
is processed to produce metal concentrate, the 
majority of which is delivered to smelters within 
the Group. Boliden’s five smelters refine metal 
concentrates and other raw materials.
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Contact
Prof.dr.ir. Paul Van den Hof
Delft University of Technology
Delft Center of Systems and Control

Mekelweg 2
2628 CD  Delft
The Netherlands

T +31 15 2784509
F +31 15 2786679
E p.m.j.vandenhof@tudelft.nl


