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A short reminder
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.
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E.Dahlquist (MDH)

The team:
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5 different case studies
Oil refinery (Tüpras)

Micro-CHP(MTT)

Large heat and power plant
(Mälarenergi)

WWTP (ABB)

Pulp and paper
(Billerudkorsnäs)

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

1

Follow our activities

September 2019

WHAT IS GOING
AROUND?
Leaving the third year of the project

Where we are
We are
here

1st year

Description of initial
functions and physical and
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Our case studies: Goals and Development

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.

One of the objectives is to reduce the give-away product when the
parameters are not within the European limits. To do so, an online NIR
analyzer equipped with some chemometrics models is installed so that
feed properties can be measured continuously. These measures are also
fed to a decision support system enabling feed-forward control of the
unit.

Outcomes
Physical (Matlab and Aspen) and statistical (Python) models developed for optimizing the operating
conditions based on diesel product quality
Diagnostics system (Hugin) developed to detect faults of temperature sensors
NIR models for feed properties developed based on an offline analyzer in the lab. After its
implementation, these models will be adapted

Next
Dynamic models to developed transfer functions of feed-forward model predictive control system
To merge all the components under the system of HMI3 platform
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Our study cases: Goals and Development

Micro-CHP (MTT)
MTT intends within the FUDIPO project to develop
and set up an online CHP monitoring system to be able
to support its cients with scheduled and predictive
maintenance support and planning, thus lowering the
maintenance costs and improving the overall efficiency
of the micro CHP systems over its life time. It is
important to perform system diagnostics and to
provide decision support to installers and operators of
clusters of Micro CHP systems. The intention is to use
self-learning principles by using feedback from the
end-users of the monitoring system.

Outcomes
During the project, three models have been
developed and at this point two are integrated
within the monitoring application as used
internally within MTT. These models are:
Machine learning model, used to predict the
point in time at which the power drops
below 75% of the reference design power

Physics based model, to calculate key
performance parameters which were not
measured
Diagnostics model, based on the physics model, which is used to calculate the component performance
deviation due to deterioration

Next
Fleet-wide analysis to improve the design and system life.
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Our study cases: Goals and Development

WTTP (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 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. So far, this
model has only been tested with data that has been collected offline. Some work
remains to validate that the FMU version and MATLAB, Simulink version is delivering
the same results and then further to integrate this model into on-line application where
it is fed with live data from the running WTTP.
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 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.

Next
Full integration
platform
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Our study cases: Goals and Development

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. 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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Combined Heat and Power
plant (Mälarenergi)
Outcomes
Models for moisture, ash, and glass content developed and implemented in the platform. Also
work on plastics and other materials currently combusted. The model gives the heating value.

Physical models and MPC implemented. As disturbance the results from the on-line fuel characterization
models are used

Next
To implement the results of the Diagnostics and Decision Support Tool (DSS) in the platform. This tool
will help the company to detect operational fluctuations and upsets and suggest actions for the operators.
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Our study cases: Goals and Development

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, hemicellulose 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 to address in FUDIPO are to: create models for
predicting the moisture, lignin content and reactivity of the chips fed to digester 1 installing a NIR analyzer,
create physical models for predicting Kappa number and residual alkali from process data and the NIR soft
sensor, create a machine learning model for digester 3 to predict Kappa number from process data, create 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

Next

Soft sensors models running in real time

Reactivity model

Physical model for digester 1 running in real time

Fine-tuning of predictions

Machine learning model in digester 3 for Kappa
prediction, and for process anomalies for both
digesters

To be runed in real time

MPC developed for digester 1

To be deployed and tested
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Review meetings

30-months review
meeting in Seville (Spain)
On April 2, the city of Seville hosted the FUDIPO consortium
to hold the review meeting after 30 months since the project
began. After a warm opening and welcome from our
coordinator Erik Dahlquist, the different case leaders
presented the learning system implementation done in the
case studies. The presentation of the NIR-soft sensor and
corrosion sensor followed until lunch time.

After tasting Iberian ham, cheese and other delicious food from
the area, we returned with batteries charged for discussing
dissemination activities to be performed and to carry out the
General Assembly. The meeting accounted with the presence of
the technical officer, who was discussing with the consortium
each presentation and giving feedback. After that, the consortium
could enjoy a sunny afternoon visiting the city centre on a guided
tour, which finalized in a typical Andalusian fish restaurant.

36-months review
meeting in Izmit (Turkey)
FUDIPO consortium will gather next 14-15th October in Izmit
(Turkey) to discuss the project tasks, current status and next
steps. This will be a good point for discussions about the work
done as deliverables about final functions, physical and
statistical models, GUI and software interfaces, and MPC
framework after validations were presented on 30th
September.
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Joint events

Digitized operations for
Sustainable Process Industries I
On 18th October (2018), COCOP, CoPro, FUDIPO
and MONSOON projects celebrated a workshop in
Frankfurt, in DECHEMA facilities. The event, which
was titled “Digitized Operations for Sustainable
Process Industries”, was a complete success. Both the
Project Officer Angelica Marino and the External
Advisor joined the event.
During the sessions, the four participating projects explained how they were tackling the industry needs and which
digital solutions they were building. Moreover, the time between sessions allowed for a great exchange of
impressions and knowledge between the different participants, and also with the other entities that attended the
event. Lastly, a panel named “Full digitalization of process operations – chances and challenges” took place. During
this panel, the experts presented their view on the future of the digitalization of the industry and the public was able
to raise questions and generate very interesting debates. Some presentations by FUDIPO as the one of Moksadur
Rahman titled “Advanced Control of Continuous Pulp Digesters” took place presenting some results about the pulp
and paper case study.

Digitized operations for Sustainable Process
Industries II: Pathway towards Industry 4.0

Click to
download
the poster

MONSOON project organised a final conference as a joint
event in Turin last week. Some SPIRE projects were invited to
present the objectives, current status and lessons learned.
Thus, our colleague Carlos Leyva from IDENER was invited to
briefly present the status on our demonstrators and a poster
in an elevator-pitch session. This confrence was a good point
for discussions about the digitalization in industries and future
needed actions. The next joint event will be prepared jointly by
FUDIPO and COCOP and will include a session about energy
efficiency. We will post more information soon!. Stay tuned
following our socia media channels.
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FUDIPO presentation in conferences and conference papers

October 2018 - SPIRE
Industry 4.0
IDENER was present in the SPIRE workshops that took place at the beginning of October 2018 on behalf of
FUDIPO. Once again we did not miss the opportunity to present the progress in the FUDIPO project, hanging a
poster during both sessions and discussing the project strategies.
During the workshop about Digital Technologies in Process Industry on the 1st of October, we confirmed that the
optimization and control tasks which are in current development in FUDIPO are completely aligned with the
needs of a Process Industry. It is currently demanding stronger Digitalization of the production processes and
innovations in the optimization methods, searching for more efficiency in the production, in the use of raw
materials and in energy consumption and reduction of CO2 emissions. These objectives will be reinforced and
extended in the SPIRE vision for 2050 of an “integrated and digital European process industry fostering a ‘well
below 2ºC’ scenario and a fully circular future for our planet and society”. Once again, the main goals of FUDIPO
project share in many aspects the value proposition of the future SPIRE 2050 and we keep working to make them
come true

December 2018 - Digicor

Our coordinator Erik Dahlquist from
MDH presented te project toolbox for
aluminum
industry
and
energy
companies.
There were about 50 companies
representatives in the event, all related
to the automation sector, both SME and
large companies. If you have some
doubts about how FUDIPO could
improve your company processes do not
hesitate to contact us!
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FUDIPO presentation in conferences and conference papers

January 2019 - HARMONI
SUMMIT joint event
The HARMONI SPIRE H2020 project organized a
joint event on 16-17 January called “HARMONI
summit”. The objective of this meeting was to
encourage the dialogue on an effective framework
to facilitate and foster the innovation in EU
industries.
More than 150 experts engaged in the exchange of ideas coming from all sectors of the process industry. One of
these experts was our coordinator Erik Dahlquist. He gave a presentation of FUDIPO project and a panel
discussion about how to commercialize the innovations and results of EU projects.

January 2019 - Ekmandagarna
Our colleagues Tomas Olsson and Mats Tallfors from RISESICS presented an example of FUDIPO application to the
paper industry at Ekmandagarna 2019 in Stockholm.
Contact us to know more about deep learning developed in
FUDIPO to improve the performance of paper industry
processes.

August 2019 - ICAE and SIMS
On August 12-16, the city of Västerås (Sweden) hosted two conferences of international prestige. The main
conference was ICAE, the International Conference of Applied Energy. This was the 11th conference and the
first time in Northern Europe. There were 1100+ submissions of full papers and 800+ were presented as full
papers or posters. Moreover, more than 800 participants from 54 countries attended, with a majority from
China and other Asian countries. On the other hand, the city was also running the Scandinavian Simulation
Society event (SIMS) as a track within ICAE. It was the 60th conference of this society, which is the oldest
simulation society in the world still existing. It is part of Eurosim with 16 local societies in Europe and Russia.
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August 2019 - ICAE and SIMS
The focus was on what is also the core of FUDIPO project, that is smart systems like artificial intelligence for
process industries and utility sector. Within ICAE, a series of sessions on Intelligent Energy were also arranged,
which is also very close to what we do in FUDIPO.
The chairmen for the conferences were Erik Dahlquist (FUDIPO coordinator) and Jinyue Yan, editor in chief for
Applied Energy, both professors ar Malardalen University. The Journal o Applied Energy is the basis for the
conference and has today an impact factor of 8.4 and got 12707 submissions of full papers last year, from
which some 1800 were published. The network of reviewer contains more than 6000 single reviewers. 4749
papers came from China, 856 from the US, and 796 from India, the three largest submitters. There were 4.76
million downloads of full papers in 2018.
MDH Future Energy presented eight papers at the conference, and three of them directly related to the
FUDIPO project research (more information about FUDIPO papers will be posted soon):
- Lundström, L., Dahlquist, E. “Determination of Uncertainty in Hourly Readings Gathered from District Heat
Billing Meters”.
- Beckinghausen, A., Dahlquist, E., Schwede, S., Lindroos, N., Retkin, R., Laatikainen, R., Hakalehto, E.
“Downstream processing of biorefined lactate from lake bottom zero fiber deposit – A techno-economic
study on energy-efficient production of green chemicals”.
- Dahlquist, E., Nordlander, E., Thorin, E., Wallin, C., Avelin, A. “Control of wastewater treatment combined
with irrigation”.

September 2019 - SUPERHR
A paper related to designing new system solutions using simulation and use this to optimize the solution in the
FUDIPO case study – heat & power plants – was presented by MDH colleagues in the SUPERHR19 conference.
The title is: “Future directions for CHP plants using biomass and waste – adding production of vehicle fuel and
other chemicals”.
SUPERHR19 is the acronym of SUstainable PolyEnergy generation and HaRvesting Conference, which took
place in Savona (Italy) on September 4-6 2019. The conference brought together industry, academia, and
research world to exchange experiences, ideas and technical results on future technologies for sustainable
energy generation, encompassing the whole range from large power plants to small energy harvesters. More
info about the paper will be posted soon!
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Public defence of Moksadur Rahman's licentiate
thesis in Energy and Environmetal Engineering
Next 30th October is an important day for FUDIPO, as our colleague Moksadur Rahman, who has been
intensively working on the project will present his licentiate defence in Energy and environmental engineering
based on the work done: “Towards a learning system for process and energy industry”, focused on the use of
different process models, soft-sensors and optimization techniques to improve the control, diagnostics and
decision support for the process and energy industry. Thereby, a generic architecture for optimal control,
diagnostics and decision support system, referred to as a learning system, is proposed in his research. Find the full
abstract here: https://mdh.se/mdh-kalender/moksadur-rahman-forsvarar-sin-licentiatuppsats-i-energiteknik1.125299

Would you like to contribute to an open access book
organised by FUDIPO?
FUDIPO coordinator – Erik Dahlquist – and our chief engineer – Konstantinos Kyprianidis -, are managing an
open-access book aligned to FUDIPO project goals.
The book is open for submissions from other members of SPIRE projects in the field. It addresses different topics
as artificial intelligence, machine learning, modelling, etc. You can check out all the topics on the flyer below and, if
interested, are very welcome to contact to: konstantinos.kyprianidis@mdh.se and erik.dahlquist@mdh.se
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Publications in journals

Related to pulp and paper
industry case

Click to read all
the publications
we have made

"An approach for feedforward model predictive control of continuous pulp digesters". Moksadur
Rahman, Anders Avelin, Konstantinos Kyprianidis (MDH, Vasteras, Sweden), in: Processes, 2019
Abstract: Kappa number variability at the continuous digester outlet is a major concern for pulp and paper mills.
It is evident that the aforementioned variability is strongly linked to the feedstock wood properties, particularly
lignin content. Online measurement of lignin content utilizing near-infrared spectroscopy at the inlet of the
digester is paving the way for tighter control of the blow-line Kappa number. In this paper, an innovative
approach of feedforwarding the lignin content to a model predictive controller was investigated with the help of
modeling and simulation studies. For this purpose, a physics-based modeling library for continuous pulp digesters
was developed and validated. Finally, model predictive control approaches with and without feedforwarding the
lignin measurement were evaluated against current industrial control and proportional-integral-derivative (PID)
schemes
Link to the publication: https://www.mdpi.com/2227-9717/7/9/602

Related to micro-CHP case
"Diagnostics-Oriented Modelling of Micro Gas Turbines for Fleet Monitoring and Maintenance
Operation". Moksadur Rahman, Valentina Zaccaria, Xin Zhao and Konstantinos Kyprianidis
(MDH, Vasteras, Sweden), in: Processes, 2018
Abstract: The market for the small-scale micro gas turbine is expected to grow rapidly in the coming years.
Especially, utilization of commercial off-the-shelf components is rapidly reducing the cost of ownership and
maintenance, which is paving the way for vast adoption of such units. However, to meet the high-reliability
requirements of power generators, there is an acute need of a real-time monitoring system that will be able to
detect faults and performance degradation, and thus allow preventive maintenance of these units to decrease
downtime. In this paper, a micro gas turbine based combined heat and power system is modelled and used for
development of physics-based diagnostic approaches. Different diagnostic schemes for performance monitoring
of micro gas turbines are investigated.
Link to the publication: https://www.mdpi.com/2227-9717/6/11/216/htm
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Do not forget to follow our
activities during this fourth year!

Interested in any aspect of FUDIPO
project? We will be pleased of hearing
from you!
Send us an e-mail to:
erik.dahlquist@mdh.se
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