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FUDIPO project took off in September 2016 with the aim of making
industrial processes in Europe more efficient, based on the premise
that a holistic approach to optimization and control could achieve
greater environmental and economic performance when compared
to individual actions who lack integrated planning. Since then, the
consortium has worked hard to reach the project goals.

THIS PROJECT HAS RECEIVED FUNDING FROM THE
EUROPEAN UNION’S HORIZON 2020 RESEARCH
AND INNOVATION PROGRAMME UNDER GRANT
AGREEMENT NO 723523.

This newsletter contain a summary of the activities developed in the
four and last year of the project and a summary of case studies
including results, and some "farewell" words from the project
coordinator and some researchers. We do not want to say goobye
but see you soon, as we wish this project is the door to new business
and research collaborations.
The team:

Mathematical
modeling

Coordinator:
E.Dahlquist (MDH)

Soft sensors

FUDIP

Machine
learning

Model based
predictive
control

Budget:
5,740,676.25 €

Demonstration

5 different case studies
Oil refinery (Tüpras) Micro-CHP(MTT)

Large heat and power plant
(Mälarenergi)

WWTP (ABB)

Pulp and paper
(Billerudkorsnäs)
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4 years of project development
END

1st year

Description of initial
functions and physical and
statistical models

2nd year

3rd year

4th year

Description of initial MPC
framework based on initial
models

Description of final functions,
models, and MPC framework
following validation

Pilot testing - Validation

Description of final GUI and
software interfaces following
validation

FUDIPO TOOLBOX:
- System, interface
- User manual, technical
reference
- Web-based toolbox

Newsletter

Description of initial GUI
and software interfaces

Newsletter

Downloadable open-source
software for improving the
efficiency of industry
processes
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Four years of cooperation and development: testimonies from FUDIPO
coordinators and some researchers
Dr. Erik Dahlquist
Research Director at MDH University,
FUDIPO Project Coordinator

"Dear all,
FUDIPO is now finalized. It has been a little more than four years of both
interesting and hard work! We have accomplished a lot and really
demonstrated how learning systems can be implemented in process
industries and utilities like power plants and waste water treatment plants.
The dynamic team of FUDIPO has successfully brought to TRL 6 advanced
technologies such as: real-time diagnostics, fleet monitoring and conditionbased maintenance, ERP-level production planning and asset management,
as well as model-predictive control. Important automation system
developers, process industries, SMEs and research institutes have come
together to prove these technologies in several different real-life
demonstrators.

From the coordinator side we want to thank everyone for the very
Dr. Konstantinos Kyprianidis
dedicated work all participants have contributed with. It has been a
Full Professor at MDH University, privilege to work with so many competent individuals and organizations
FUDIPO Project Chief Engineer
and oversee brilliant researchers work from concept drafting all the way to
engineering product realization.
Among the results we also have seen many scientific publications where we
can see what has been developed. We hope the functions will be
implemented at many sites all over Europe in the future. It is an additional
step needed for this after the actual project has finished, and we hope this
step will be successful both through the participating supplier companies as
well as in complementary projects at the user companies.
With this we wish you all a good 2021 hopefully without too many
problems with the Covid-19. We also hope that the results and functions
will be further utilized and developed by both participants and other groups
all over Europe, and thus together follow the path towards a more
competitive and sustainable Europe".
- Erik Dahlquist & Konstantinos Kyprianidis -
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Four years of cooperation and development: testimonies from FUDIPO
coordinators and some researchers
Dr. Moksadur Rahman
PhD Candidate at MDH University, FUDIPO Researcher
"FUDIPO project gave me the opportunity to collaborate with world
leading industries and research institutes.
Being part of my doctoral studies, FUDIPO allowed me to work with real
industrial problems and receive continuous feedbacks and insights from
the domain experts. Having said that, I believe the benefit of such
collaboration is mutual where the industries get benefited from pilot
demonstration of state-of-the-art research that we conduct in
academia. I thoroughly enjoyed and appreciated my time within
FUDIPO. Having the opportunity to travel for review meetings around
Europe, meeting like-minded people and tasting different food was the
cherry on top.
The co-workers and staffs from the partner companies in this fabulous consortium were approachable and very helpful. I
have no hesitation in recommending H2020 programme to potential researchers and industrial professionals. This will
provide the unique opportunity to foster technological advancement through industry-academia collaboration".
Mr. Christian Wallin
Control System Engineer at ABB Energy Industries . FUDIPO researcher and coordinator of a case study
"The FUDIPO project has brought to me a great insight in to the scientific world
and the possibility to meet and collaborate with excellent people from all over the
continent.
Every industry needs to constantly improve to stay competetive and there is a
great challange for many to adopt the new possibilites of advanced IT systems.
I have had a nice experience and I have learned very much from meeting and
collaborating with all other participants in the project. Participating in H2020
projects is a great opportunity to get in touch with other reasearchers and to
widen your perspective in similar or other fields of research and see how it all can
come together".
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Four years of cooperation and development: testimonies from FUDIPO
coordinators and some researchers
Mr. Jaime Durán
Project manager at IDENER. Developer at FUDIPO
"The FUDIPO project has been a great professional experience as well as a challenge.
On the one hand, it has allowed me to collaborate with real industries and apply my
knowledge to develop novel MPC algorithms. On the other hand, it has allowed me to
know different points of view of experts at an international level, which has enriched
me on a professional and personal level. The industry is constantly changing and I
like to be a part of it.
Participating in these projects enables you to broaden your horizons, I totally
recommend it".

Dr. Elena Tomas-Aparicio
Project Engineer at Mälarenergi (Vasteras, Sweden). FUDIPO researcher and coordinator of a case study
"The participation in the FUDIPO project has emphasised the need
of robust tools to support our plant to make decisions around
productivity and energy efficiency. It has provided deep insight in
our process bottlenecks and the possibility of monitoring and
optimizing our processes in real time.
FUDIPO is important for the industries as it has presented an easyto-use data-based decision support tool for process industries that
can predict deviations and in this way prevent undesired events.
FUDIPO presents a holistic approach in order to avoid sub
optimization.
The Horizon 2020 programme focus in areas that are connected to EU policies and roadmaps on next generation
technologies to drive the transition towards a sustainable society. In order to remain competitive the industries need to
adapt to the new era of modern production and the projects in H2020 programme target this topics".

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

5

Get in touch

February 2021

THE PROJECT ENDS
SUCCESSFULLY

FUDIPO case studies: goals, development and results

Oil refinery (Tüpras)
Refineries are complex factories, which are composed of different units to convert crude oil into valuable
products such as gasoline, diesel, bitumen and so on. Diesel is the most demanded fuel in Turkish market.
Tüpras has specific units to produce diesel, where the aim is to maximize the production within the
specification limits imposed by European Standards, which are distillation 95ºC point, sulphur content, flash
point, etc. Different crudes can be processed but this creates an unmeasured variation in feed properties of
downstream units such that of diesel.
The aim of this project from Tüpraş İzmit Refinery’s perpective is developing
digital twin of the MQD unit to support operator at their decision for producing
diesel at maximum quality with increased product efficiency. The platform
developed for the decision support system includes the unit’s first-principle
model, model predictive control module, fault detection model, and a NIR model.
These are being run by the integration of different software and schemata.

Outcomes
An important input data that feeds this platform is spectra values
from the online NIR analyser that enable feed characterization.
The NIR model in the platform is used for processing of spectra.
Mentioned modules were made to work with live data and some
models were updated according to results.
The first designed platform structure has been finalized and a
platform that can work live has been activated.
Thanks to FUDIPO platform, the optimal process conditions for the
MQD unit are assessed, the feed and product qualities are
monitored in real time, and faulty temperature sensors can be
diagnosed.
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FUDIPO case studies: goals, development and results

Micro-CHP (MTT)
The aim of MTT and its partners within the FUDIPO
project was to create an integrated solution for
monitoring the condition and remaining useful life of a
fleet of micro turbines operating in various countries, in
different applications and under significantly different
conditions. The large variation between conditions and
systems requires a robust solution being able to handle
these differences and still provide a high confidence
prediction of the current state of any monitored system
and the remaining useful life. With this the maintenance
of the systems can be planned more in advance,
resulting in lower cost, higher uptime, and lower total
cost of ownership (TCO), for the end user. Also, a more
efficient and sustainable system.

Development
Nearly every EnerTwin is delivered with remote monitoring hardware, which collects every minute around 90
parameters per system. This data is stored in a database at MTT and a history of many systems and years was already
available at the start of the project. Tieto developed a platform that collected the necessary data and allowed
execution of the models with the filter data. The model output was stored afterwards in a separate database. Initially
the platform ran in a cloud environment, later all was moved to a server at MTT.
During the project 3 models were developed:
• Machine learning model, used to predict the Remaining Useful Life, RUL, of a system (RISE).
• Physics model, used to find the state of a system and calculate parameters which were not measured due to the
limited sensor set on the low cost commodity system (MDH).
• Diagnostics model, which uses the output of the physics model to give an indication of the current state of the 3 key
components within the system (MDH)
The inhouse software developed by MTT was then used to visualize and further evaluate the model output data and
provide the information needed to the engineers at MTT to evaluate the state of the system and plan maintenance
based on this.

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

7

Get in touch

February 2021

THE PROJECT ENDS
SUCCESSFULLY

FUDIPO case studies: goals, development and results

Micro-CHP (MTT)
Results
Due to the nature of the micro CHP systems, deterioration of components is a long term effect, which unlike for
example MPC implementations or sensor that provide input to the control of an installations at nearly real-time,
require years to become visible and to be validated. Therefore, the quantitative evaluation of the results, for the long
time maintenance planning, need to be proven more in the future. However, some very useful results have already
been obtained during the project:
• Example 1, during the operation of a system it was shown by the model that a key component was deteriorating at
an accelerated pace, see yellow line representing the recuperator effectiveness in the below figure.

This could not be detected by other sensors, due to the limited instrumentation. Based on the model data and an
inspection on sight as a result of the model, it was decided to exchange the system at the customer and take the
faulty system back. In the lab the output of the model was confirmed by additional tests with extra sensors and
inspection showed the root cause of the faulty component was correctly identified by the model.
• Based on the forecasted RUL, which was validated not as an absolute number but as a parameter of the current
state of the system, various inspections on systems were done and issues identified. Based on this and other
experience gained during the project the maintenance interval was increased from 5000 to 7000 hours, unless the
RUL, diagnostics model or other parameters indicated issues earlier.
Overall the FUDIPO project provided MTT (and other due to the available toolbox) with a valuable tool to reduce
the TCO for the end-user.
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FUDIPO case studies: goals, development and results

Waste Water Treatment Plant
(ABB)
Aeration demand constitutes 50% of the electric energy
demand in current WWTPs. Malarenergi's WTTP in
Västeras
involves
screening,
pre-precipitation,
biological treatment, primary and secondary settler and
sludge treatment. One of them is taken as case study. It
is a significant potential to improve the performance of
the system through implementation of control based on
various quality measurements of incoming waste.

Outcomes
A full-scale plant model tuned to simulate the behaviour of the WWTP of Kungsängsverket in Västerås (Sweden)
was previously developed in a MATLAB environment. This physical model has been wrapped into a functional
mock-up unit (FMU) model with defined inputs and outputs that can run within the HMI 3 platform.
The simulation model was updated with a simplified anaerobic digestion model to speed up simulations that
mainly focus on the control and results of the biological treatment. The simulation results of the simplified model
came close to the original model and this reduced the complexity of the model by removing 52 differential
equations.

Sensor fault detection statistical models have been developed and tested to detect deviations for Oxygens
sensors and air-flow sensors which work in closed-loop to control the Oxygen levels of the water in the biological
treatment plant.
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FUDIPO case studies: goals, development and results

Waste Water Treatment Plant
(ABB)
Outcomes
A linear model of WWTP developed to control the setpoint of dissolved oxygen levels in the Benckmark
Simulation Model n1. This model was used in a Model Predictive Control (MPC) where measurements of the
incoming flowrate to the plant (Qin) as well as the measurement of Ammonia (NH4) in the effluent water was used
as measured ouput (mo) for the MPC. Manipulated variable (mv) was the dissolved oxygen setpoint that controls
the aeration of the active sludge process and a desired effluent ammonia level (NH4, Ref) was used as reference
value of the controller.

This MPC model controlling the aeration of the biological treatment was further developed. Although the
controllability of the manipulated values is limited some improvements of the energy used for aeration could be
made. Several configurations were evaluated that all reduced the operational cost but with a slight change in
effluent concentrations as can be seen in the following table:
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FUDIPO case studies: goals, development and results

Combined Heat and Power
plant (Mälarenergi)
The case study is Mälarenergi's Unit 6, a cogeneration plant, which consists of a fuel preparation plant, a
Circulation Fluidized Bed (CFB) boiler, a turbine and an advance flue gas cleaning facility. This unit uses waste
fuel as feedstock. The heretogeneous nature of waste fractions results in operational problems, diverse
challenges in emissions control and rapid deterioration of equipment. When introducing fuels that are more
complex and going towards a larger portfolio of ways to produce district heating and electricity, economical
optimization for production planning is essential.
The need for early fault detection and effective maintenance operations in the CHP makes think about
developing tools that can handle the uncertainty of the processes, improve the maintenance scheduling and
increase up time. The idea is to develop tools that can handle the uncertainty in industrial processes.
Therefore, the main objective of this demonstrator is to provide means to decrease downtime, improve control
for the thermal treatment of waste, minimize fluctuations in boiler temperature profiles and prevent corrosion,
fouling, and agglomeration.
Thus, the demonstrator consists of physical models for waste fuel combustion in CFB, soft sensors for online
detection of fuel characteristics and corrosion detection and production planning models, MPC, diagnostics
and decision support tools.
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FUDIPO case studies: goals, development and results

Combined Heat and Power
plant (Mälarenergi)
Outcomes
The recent advances in the implementation are related to the implementation of the MPC tool as described:
The key functionality of implementing MPC is to introduce the ability to feed-forward in time information on for
fuel characterization. Specifically, from the installed NIR measurements the future values for the fuel’s heating
value and moisture content can be fed into the controller ahead in time. This affords the controller to proactively
make control actions to mitigate temperature swings within the boiler. For this application the MPC is able to send
control suggestions for the fuel feeding rate, air flow rates, feed water flow rate, and the ability to spray water into
the boiler.
The addition of the water spray is to help in minimizing the fluctuations of boiler combustion temperatures due to a
lower than optimal fuel moisture content. Moreover, the ability to spray water into the boiler has the potential to
increase flue gas condensing power, reduce flue gas recirculation, and increase the fuel feeding rate.
Illustrated in the figure below it is a simplified overview for the case of just focusing on the water being sprayed into
the boiler. Given a NIR measurement at time k, the MPC can make the necessary adjustments to the manipulated
variable spray as it enters the boiler. This approach means that the controller can spray water into the boiler when it
is needed, i.e., proactively, instead of only reactively through just feed-back alone.
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FUDIPO case studies: goals, development and results

Combined Heat and Power
plant (Mälarenergi)
Outcomes
Illustrated in the figure A are the results for simulating the MPC at the aforementioned spray limits, i.e., 8-10-12
m3hr-1, in comparison to how the operators are currently, manually, controlling the spray level. On the next side of
Figure A it can be observed that during this short observation period that the MPC actually prescribes a total volume
less than what is actually being implemented. In order to evaluate the consequences of higher spray limits the
physical model’s prediction of the boiler’s bed temperature, at different spray limits, is illustrated in Figure C, with a
corresponding NIR measurement on the right axis. It can be observed that the three solutions have a very similar
performance when the heating value prediction remains below 1.15 MJ kg-1, at which point the higher the allowable
spray limit affords more stability in the bed’s temperature. In regard to the dashboard illustrated in Figure Bat more
information would be of value for building operator confidence in the designed platform.

Figure A. Results on MPC

Figure B. Dashboard
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Combined Heat and Power
plant (Mälarenergi)
Outcomes

Figure C. Control results illustrating the
potential for minimization in the boiler bed
temperature at different spray levels

Figure D is an extended version for displaying MPC, and NIR, results to the operators in real-time

Figure D. Extended dashboard design; (a)
current recommendation for spray level, (b)
past 24 hours of spray recommendation in
comparison to DCS, (c) heating value of the
fuel, and (d) moisture content of the fuel.

Lessons learned
The implementation of using NIR for fuel characterization and using this information as a feed-forward signal for
control purposes highlights a high potential in improving plant performance. Through the FUDIPO project a higher
degree of understanding in the dynamic nature of RDF has been achieved in real-time. A challenge is to build robust
models for on-line prediction of fuel composition as plastic, moisture, cellulosic and salt content from fuel
identification techniques, as well as to determine fossil materials present in the fuel for carbon taxation.
FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION
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FUDIPO case studies: goals, development and results

Pulp and paper industry
(Billerud-Korsnäs)
Billerud-Korsnäs is participating in FUDIPO via the company's pulp and paper mill in Gävle. The mill has three fiber
lines where different pulp qualities are produced for use on the mill's paper machines. Pulp is produced by feeding
wood chips together with chemicals to a reaction vessel (digester) where heat is added. This leads to the separation
of the chip components cellulose, hemi-cellulose and lignin and the removal of the lignin from the other
components. The most important quality parameter is the so called Kappa number, that roughly translates to how
much of the lignin is left in the pulp after the digester. Wood properties varies by time and we hope to measure
these variations with the NIR to counteract the variations by better control.

Kappa number is controlled by measuring it with an on-line analyzer after the digester and then changing the digester
temperature and the chemical dosage to achieve the desired value. This means that it only has feedback control, and
as the chips spend five to eight hours in the digester and the chip quality varies, the Kappa number is difficult to
control. So, the main items addressed in FUDIPO have been: creating models for predicting the moisture, lignin
content and reactivity of the chips fed to digester 1 installing a NIR analyzer, creating physical models for predicting
Kappa number and residual alkali from process data and the NIR soft sensor, creating a machine learning model for
digester 3 to predict Kappa number from process data, creating a MPC for digester 1 to control the Kappa number and
machine learning models for 1 and 3 to detect process anomalies and faulty measurements.

Outcomes
Soft sensors models running in real time, a reactivity model is developed

Physical model for digester 1 running in real time. The predictions have been finetuned
Machine learning model in digester 3 for Kappa prediction, and for process anomalies for both digesters. Runed in
real time. Developed a new PCA module used to get information from the NIR instrument in the fiber line. The
output from the PCA is then used in the data driven model for kappa prediction for digester 3.
MPC developed for digester 1, deployed and tested in closed loop. Kappa number is targeted at 55 and is kept
between 50 and 60 (see figure below)

NIR installation
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FUDIPO open-access toolbox
One platform with primarily commercial software an another with only an open-source software have been
developed within the FUDIPO project.
The open-source software has the advantage that the user does not need to pay any license fees, but at the same
time, the user doesn’t get support if adjusted codes or improved functions are needed, which the commercial
suppliers can provide but to a specified cost. If own functions and its integration with a platform are desired, it may
be easier in the open-source platform, but if just the functionality and support for this are desired, it is better to use
the commercial software.
In both cases, new artificial intelligence (AI) functions are continually being added. This includes e.g. ANN (artificial
neural nets), BN (Bayesian nets), PLS models and other regression models, multivariate analysis, ML (machine
learning) etc. It also includes simulation tools like OpenModelica for building physical models for any application.
If you are interested please contact to: erik.dahlquist@mdh.se
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FUDIPO and COCOP Final Conference
FUDIPO and COCOP (SPIRE PROJECT) jointly organised the joint event. The event took place 11 March 2020. It
was planned to be in Dortmund, but due to the emerging pandemic with Corona virus Covid-19 we decided to make
it as a Zoom-conference instead. This was working very nicely. This was just as the pandemic started, but
afterwards we were very happy that we made it as a “virtual conference” as restrictions for traveling took off
almost the same week as the conference.
FUDIPO designed and presented 5 new posters in this event. The event accounted with 70 registered people, from
which 50% were from industrial entities! Our sisters project MONSOON and COPRO also attended and presented
the project advances and posters, as well as MORSE SPIRE project which is also dedicated to industry processes
optimisation.
A specific page was created in the Fudipo site (https://fudipo.eu/joint-workshop/) where the 12 posters presented
during the event are shared. Do not miss them! We leave here direct links to FUDIPO posters, just click on the one
you want to read.

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

17

Get in touch

February 2021

THE PROJECT ENDS
SUCCESSFULLY
Last publications based on FUDIPO results
Please click here to see, read and download all the publications of FUDIPO. You will learn about different topics of
processes optimisation, from SoA techniques to real cases. During 2020, FUDIPO has presented 6 papers that are
described below together with a link to the full paper (click on the title) Do not miss them!
A REVIEW ON THE MODELING, CONTROL AND DIAGNOSTICS OF CONTINUOUS PULP DIGESTERS
Authors: Moksadur Rahman, Anders Avelin, Konstantinos Kyprianidis
Abstract: Being at the heart of modern pulp mills, continuous pulp digesters have attracted much attention from the research
community. In this article, a comprehensive review in the area of modeling, control and diagnostics of continuous pulp
digesters is conducted. The evolution of research focus within these areas is followed and discussed. Particular effort has been
devoted to identifying the state-of-the-art and the research gap in a summarized way. Finally, the current and future research
directions in the areas have been analyzed and discussed. To date, digester modeling following the Purdue approach, Kappa
number control using model predictive controllers and health index-based diagnostic approaches by utilizing different
statistical methods have dominated the field. While the rising research interest within the field is evident, we anticipate further
developments in advanced sensors and ... see more

COMPLEMENTING EXISTING CHP PLANTS WITH PYROLYSIS AND GASIFICATION TO PRODUCE LIQUID
BIOFUELS
Authors: Elena Tomas Aparicio, Awais Chaudhary, Erik Salman, Selman Dahlquist, Hussein Ahmeddin, Mohamed Adhirizak
Abstract: In Northern Europe we have many CHP plants operating with biomass and waste as fuel. As more wind power and
solar power is introduced the operating hours are reduced and thereby also the capital burden is distributed on fewer annual
hours. At the same time we see a strong demand to replace fossil oil for many different purposes by renewable alternatives.
Here biomass and waste are the major resources available and to produce liquid or gaseous bio-based products at existing CHP
plants make sense. In this study we have simulated system solutions to identify energy and material balances as well as rough
economical figures. The products assumed are primarily fuels like diesel, hydrogen and methane, but also other organic
compounds can be considered. Today PREEM and St1 are planning large scale production of primarily bio-diesel, or HVO,
where liquid products from both pulp and paper industry and CHP plants will be suitable feed-stocks. We also have compared
hydrogen production in gasifiers to electrolysis... see more

A DATA-DRIVEN APPROACH FOR THE PREDICTION OF SUBCOOLED BOILING HEAT TRANSFER
Authors: Jerol Soibam, Rebei Bel Fdhila, Ioanna Aslanidou and Konstantinos Kyprianidis
Abstract: In subcooled flow boiling, heat transfer mechanism involves phase change between liquid phase to the vapour phase.
During this phase change, a large amount of energy is transferred, and it is one of the most effective heat transfer methods.
Subcooled boiling heat transfer is an attractive trend for industrial applications such as cooling electronic components,
supercomputers, nuclear industry, etc. Due to its wide variety of applications for thermal management, there is an increasing
demand for a faster and more accurate way of modelling. In this work, a supervised deep neural network has been
implemented to study the boiling heat transfer in subcooled flow boiling heat transfer. The proposed method considers the
near local flow behaviour to predict wall temperature and void fraction of a sub-cooled mini-channel. The input of the network
consists of pressure gradients, momentum convection, energy convection, turbulent viscosity, liquid and gas velocities, and
surface information. The output of the model is based on the quantities of interest in a boiling system i.e. wall temperature and
void fraction. The network is trained from the results obtained from numerical simulations, and the model is used to reproduce
the quantities of interest for interpolation and extrapolation datasets... see more
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Last publications based on FUDIPO results
SIMULATION STUDY FOR COMPARISON OF CONTROL STRUCTURES FOR BFB BIOMASS BOILER
Authors: Milan Zlatkovikj, Valentina Zaccaria, Ioanna Aslanidou and Konstantinos Kyprianidis
Abstract: Biomass fired boilers usage is increasing due to supportive policies and economic trends. Fluidized bed technology is
identified as proper solution for lower quality fuels such as biomass. Moisture and heating value can vary significantly in
biomass fuels. Without real-time information on their variation, they are a disturbance to the system. These disturbances
affect the system steady state and decrease operational efficiency. Proper characterization of the disturbance enables the use
of Feed-Forward control. Feed-Forward makes use of the knowledge about the updated condition of the fuel and can act
towards reducing the impact of the fuel on offsetting the system. Feed-Forward Model Predictive Control is proposed as new
control strategy. Comparison is made between the existing control strategy and the new proposed solution. Control
performance is evaluated on three process outputs, in three different scenarios. Adding feed-forward signal for fuel moisture
improves control performance in both controllers, while ultimately Feed-Forward Model Predictive Control shows the best
performance in most comparison metrics... see more
SENSOR FAULT DETECTION WITH BAYESIAN NETWORKS
Authors: Esin Iplik, Ioanna Aslanidou and Konstantinos Kyprianidis.
Abstract: Several sensors are installed in the majority of chemical reactors and storage tanks to monitor temperature profiles
for safety and decision-making processes such as heat demand or flow rate calculations. These sensors fail occasionally and
generate erroneous measurement data that need to be detected and excluded from the calculations. However, due to the high
number of process variables displayed in the chemical plants, this task is not trivial. In this work, a Bayesian network approach
to detect faulty temperature sensors is proposed. By comparing the sensor measurements with each other, the faulty sensor is
detected. A modular approach is preferred, and networks are created for 10 K temperature intervals to increase flexibility and
sensitivity. Created networks can be adjusted for the operating temperature ranges; hence, they can be used for any catalyst
and entire life cycle. The developed method is demonstrated on an industrial scale hydrocracker unit with 92 sensor couples
installed in a series of reactors. From the investigated sensors, 16 of them showed a greater difference than the 2 K threshold
chosen for the fault. In addition to that, 13 sensors showed an increasing temperature difference that may lead to a fault. Two
scenarios were created to calculate the energy loss due to a faulty measurement... see more
HYDROCRACKING: A PERSPECTIVE TOWARDS DIGITALIZATION
Authors: Esin Iplik, Ioanna Aslanidou and Konstantinos Kyprianidis.
Abstract: In a world of fast technological advancements, it is increasingly important to see how hydrocracking applications can
benefit from and adapt to digitalization. A review of hydrocracking processes from the perspective of modeling and
characterization methods is presented next to an investigation on digitalization trends. Both physics-based and data-based
models are discussed according to their scope of use, needs, and capabilities based on open literature. Discrete and continuous
lumping, structure-oriented lumping, and single event micro-kinetic models are reported as well as artificial neural networks,
convolutional neural networks, and surrogate models. Infrared, near-infrared, ultra-violet and Raman spectroscopic methods
are given with their examples for the characterization of feed or product streams of hydrocracking processes regarding boiling
point curve, API, SARA, sulfur, nitrogen and metal content. The critical points to consider while modeling the system and the
soft sensor are reported as well as the problems to be addressed. Optimization, control, and diagnostics applications are
presented together with suggested future directions of interdisciplinary studies... see more
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FUDIPO-based open-access book
FUDIPO coordinator, Erik Dahlquist, and our chief engineer, Konstantinos Kyprianidis, managed an open-access
book aligned to FUDIPO project goals that is already finished and will be published by IntechOpen in the coming
days. The title of the book is: "AI and Learning Systems: Industrial Applications and Future Directions".
The book addresses different topics as artificial intelligence, machine learning, process industry, industry 4.0,
automation, learning systems, smart manufacturing, digitalisation, power generation, diagnostics, optimisation and
soft sensors. The volume aims to bring togetehr recent developments and lessons learned from the application of
Artificial Intelligence across various industrial sectors. Concretely, work and learning from FUDIPO are included in
three of the chapters.
We will share more information in our social media channels as soon as the book is published! Stay tuned!

Watch our video and access to all our dissemination material!
FUDIPO prepared an special video for you at
the end of the project summarising the
project goals, approach, and general
information. If you have not seen it yet
please click here.
Moreover, we have dedicated pages at our
web to download all our dissemination
material! To highlight: the presentations of
the FUDIPO MACHINE LEARNING COURSE
prepared by our experts, that can be
downloaded from our site: please click here.
You will learn about:
- How is the brain learning?
- Decission support
- Foundations for the development of a diagnostics framework
- Gaussian Process Regression and Gaussian Mixture Models for data monitoring and possible application
- Production Planning and Optiization. Optimal power flow and unit commitment problems and nonlinear optimization
techniques.
- Introduction to Reinforcement Learning and Deep learning
- Model Based Control (MPC)
- Implementation of soft sensors
- Data Quality Assurance and Control
- Learning Algorithms
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"Unity is strength. When there is teamwork and collaboration,
wonderful things can be achieved" - M.Stepanek

Interested in any aspect of FUDIPO
project?
We will be pleased of hearing from
you!

Get in touch

Send us an e-mail to:
erik.dahlquist@mdh.se

THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020
RESEARCH AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 723523.
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