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FUDIPO AT A GLANCE
PROJECT DEVELOPMENT IN ITS SECOND YEAR

FUDIPO project set off on 1st October 2016, by a group of
organisations interested in process optimisation as media to
achieve energy and resource efficiency in industry processes.
This second year has been challenging, as the different case
studies are being developed. All going as planned, and we are
very proud of the obtained results in each case. Several
publications have been made, and no delays exist with relation
to the GA deliverable deadlines.
Also, we launched a PhD course about machine learning with
accounted with different presentations from our experts.
Take some minutes to read the newsletter and stay tuned!

Partners
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Physical meetings
1-year-review Meeting in Vienna 17-18 October 2017

FUDIPO consortium met at Vienna after 1 year
from the project beginnings. First day began
with coordinator (Erik Dahlquist) opening,
advances presentations and discussions and
concluded with the comments from
reviewers.

Second day a discussion took place about the
project demonstrators, and it finalised with
with the visualization of a full pulp paper plant
using HOLOLENS! Great experience thanks to
our partner Tieto.

18-month-review meeting in Brussels, 24-25 April 2018

A review meeting took place in Brussels
last April, where the advances were
presented to the consortium and
reviewers. Discussions were centered in
study cases and to-do actions.
Valuable feedback and improvements
were received by reviewers

Do not forget to follow us!

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 723523

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

2

September 2018

FUDIPO AT A GLANCE
PROJECT DEVELOPMENT IN ITS SECOND YEAR

Events
9th International Conference on Applied Energy, September 2017

A conference paper was presented by Ioanna
Aslanidou (MDH University) in ICAE 2017 in
the frame of FUDIPO project for NIR work
related to the large CHP study case, and
published in the Energy Procedia journal.

FUDIPO at SPIRE Process Industry conference, September 2017

SPIRE event accounted with the relevant
stakeholders for the European Process
Industry. FUDIPO main goals and business
opportunities were presented by Carlos
Leyva (IDENER) in a pitch session for SPIRE
projects

Also, we had the opportunity to hang some
posters about the project, and to talk with
interested people about the project concept,
scientific background and study cases
approaches.
If you have not seen our posters yet, they
summarized well the project concept and
approaches. You can download them and
more dissemination material in our website
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Events
Conference paper at GPPS conference in Zurich, January 2018

A position paper about the role of micro gas turbines in the future green energy system was
presented by Ioanna Aslanidou (MDH University) at Global Power & Propulsion Society 2018.
This forum is a high-level event, with policymakers from companies around the world.

Conference paper at Papercon 2018

Papercon, the world's largest technical conference for the paper and packaging industry took
place on April 15-18, 2018, in Charlotte (USA) with the theme of "Shaping the Future through
innovation". Moksadur Rahman from MDH presented one conference paper related to Model
Based Control and Diagnostics Strategies for a Continuous Pulp Digester.
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Next Events
DIGITIZED OPERATIONS FOR SUSTAINABLE PROCESS INDUSTRIES WORKSHOP - FRANKFURT 18TH OCT 2018
The workshop presents the EU
perspective on digital
operations in process
industries and focuses on
plant-wide monitoring and
control of data-intensive
processes. The EU vision on
digitization in sustainable
process industries is presented
by A.SPIRE and EFFRA. The four
projects introduce their
objectives and first outcomes,
through technical
presentations and a poster
session. The main barriers and
next steps toward full
digitization of process
operations are discussed in a
panel session. The event will
end with a pleasant moment
for informal networking.
Attendance at the workshop is
FREE, but the number of
participants is limited.
Register procedure will be
shared soon. In the meanwhile,
save the date!!!
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Publications
"MODEL BASED CONTROL AND DIAGNOSTICS STRATEGIES FOR A
CONTINUOUS PULP DIGESTER"
M. Rahman, A.Avelin, K.Kyprianidis, J.Jansson, E.Dahlquist (Mälardalen University, Västeras, Sweden)

Abstract: Kappa number, which essentially indicates the amount of lignin left in the pulp
after cooking, is the most important physical quantity linked to the quality and economics
of a Kraft-pulp mill. Controlling the Kappa number is a difficult task mainly due to the
naturally varying feedstock, significant residence time, insufficient measurements and
complex nature of the delignification process. Moreover, faults such as screen clogging,
hang-ups and channeling in the process often occur and increase the operational costs
considerably. In this work, the possibility of feedforwarding the lignin content of incoming
wood chips, by a near-infrared spectroscopic measurement of one of the major process
disturbances, to a model predictive controller, is investigated by means of modeling and
simulation studies. Additionally, a simple Bayesian network based diagnostics approach is
proposed to detect the continuous digester faults.
Conference: Papercon 2018, Charlotte, USA (15-18th April,2018)
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Publications
"TOWARDS AND INTEGRATED APPROACH FOR MICRO GAS TURBINE FLEET
CONTROL AND DIAGNOSTICS"
I.Aslanidou, V.Zaccaria, M.Rahman, M.Oostveen, T.Olsson, K.Krypianidis

Abstract: Real-time engine condition monitoring and fault diagnostics results in reduced
operating and maintenance costs and increased component and engine life. Prediction of
faults can change the maintenance model of a system from a fixed maintenance interval to
a condition based maintenance interval, further decreasing the total cost of ownership of a
system. Technologies developed for engine health monitoring and advanced diagnostic
capabilities are generally developed for larger gas turbines, and generally focus on a single
system; no solutions are publicly available for engine fleets. This paper presents a concept
for fleet monitoring finely tuned to the specific needs of micro gas turbines. The proposed
framework includes a physics-based model and a data-driven model with machine
learning capabilities for predicting system behaviour, combined with a diagnostic tool for
anomaly detection and classification. The integrated system will develop advanced
diagnostics and condition monitoring for gas turbines with a power output under 100 kW.
Conference: Global Power and Propulsion Society (GPPS), Zurich (10th-12th January 2018)
Download the paper here: Paper FUDIPO GPPS
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Publications
"NEAR-INFRARED SPECTRAL MEASUREMENTS AND MULTIVARIATE ANALYSIS
FOR PREDICTING GLASS CONTAMINATION OF REFUSE-DERIVED FUEL"
O.Winn, K.Thekkemadathil, I.Aslanidou, J.Skvaril, K.Kyprianidis (MDH University)

Abstract: This paper investigates how glass contamination in refuse-derived fuel can be
quantitatively detected using near-infrared spectroscopy. Near-infrared spectral data of
glass in four different background materials were collected, each material chosen to
represent a main component in municipal solid waste; actual refuse-derived fuel was not
tested. The resulting spectra were pre- processed and used to develop multi-variate
predictive models using partial least squares regression. It was shown that predictive
models for coloured glass content are reasonably accurate, while models for mixed glass or
clear glass content are not; the validated model for coloured glass content had a coefficient
of determination of 0.83 between the predicted and reference data, and a root-meansquare error of validation of 0.64. The methods investigated in this paper show potential in
predicting coloured glass content in different types of background material, but a different
approach would be needed for predicting mixed type glass contamination in refusederived fuel.
Conference: 9th International Conference on Applied Energy, ICAE 2017, 21-24 August 2017,
Cardiff, UK
Download the paper here: Paper FUDIPO ICAE
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Publications
"FLEET MONITORING AND DIAGNOSTICS FRAMEWORK BASED ON DIGITAL
TWIN OF AERO-ENGINES"
V.Zaccaria, M-Stenfelt, I.Aslanidou, K.Kyprianidis (MDH University)

Abstract: Monitoring aircraft performance in a fleet is fundamental to ensure optimal operation
and promptly detect anomalies that can increase fuel consumption or compromise flight safety.
Accurate failure detection and life prediction methods also result in reduced maintenance costs.
The major challenges in fleet monitoring are the great amount of collected data that need to be
processed and the variability between engines of the fleet, which requires adaptive models. In this
paper, a framework for monitoring, diagnostics, and health management of a fleet of aircrafts is
proposed. The framework consists of a multi-level approach: starting from thresholds exceedance
monitoring, problematic engines are isolated, on which a fault detection system is then applied.
Different methods for fault isolation, identification, and quantification are presented and
compared, and the related challenges and opportunities are discussed. This conceptual strategy is
tested on fleet data generated through a performance model of a turbofan engine, considering
engine-to-engine and flight-to-flight variations and uncertainties in sensor measurements.
Limitations of physics-based methods and machine learning techniques are investigated and the
needs for fleet diagnostics are highlighted
Conference: ASME Turbo Expo, Oslo, Norway, 11-15 June, 2018
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Publications
"REAL TIME BIOMASS CHARACTERIZATION IN ENERGY CONVERSION
PROCESSES USING NEAR INFRARED SPECTROSCOPY - A MACHINE LEARNING
APPROACH"
M.U.Ahmed, P.Andersson, T. Andersson, E.Tomas-Aparicio, H.Baaz, S.Barua, A.Bergström, D.Bengtsson,
J.Skvaril, J.Zambrano (MDH University)

Abstract: The aim of this work is to apply and evaluate different chemometric approaches
employing several machine learning techniques in order to characterize the moisture
content in biomass from data obtained by Near Infrared (NIR) spectroscopy. The
approaches include three main parts: a) data pre-processing, b) wavelength selection and
c) development of an actual regression model enabling moisture content measurement.
Standard Normal Variate (SNV), Multiplicative Scatter Correction and Savitzky-Golay first
(SG1) and second (SG2) derivatives and its combinations were applied for data preprocessing. Genetic algorithm (GA) and iterative PLS (iPLS) were used for wavelength
selection. Moreover, Artificial Neural Network (ANN), Gaussian Process Regression (GPR),
Support Vector Regression (SVR) and traditional Partial Least Squares (PLS) regression,
were employed as machine learning regression methods. Results shows that SNV
combined with SG1 first derivative performs the best in data pre-processing. The GA is the
most effective methods for variable selection and GPR is achieving a high accuracy in
regression modeling while having low demands on computation time. Overall, the
machine learning techniques demonstrate a great potential to be used in future NIR
spectroscopy applications.
Conference: International Conference on Applied Energy (ICAE, 2018) 22-25th August,
Hong Kong, China
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PhD Course
As part of FUDIPO project, an online PhD course about
Machine Learning and Process Analytics was organised by
project consortium members, from 5th October to 11th
December 2017.
Download the course presentations by clicking on the
presentation summary displayed next, or visiting our
website!

5th Oct ’17. Erik Dahlquist: Introduction to the course. How is the brain learning?

Description of how the brain learns, beggining
with senses (visual, noise, smeel, feeling etc),
links between neurons, signals transference,
etc.

19 th Oct ’17. Richard Reisinger: Data quality assurance and control

Overview of data quality assurance
and control functionalities in HMI3
framework. From evaluation of
model quality and performance
tracking (off- & online) as well as
functionalities to secure quality of
input parameters (e.g. outlier
removal, automatically adjusted
standard operating conditions).
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PhD Courses
31st Oct ’17. Ioanna Aslanidou and Valentina Zaccaria: Foundations for the
development of a diagnostics framework
Diagnostics approach for gas turbine systems:
dimensional analysis, parameter correction,
gas path analysis, and possible applications to
engines and fleets

3rd Nov ’17. Ather Gattami: Introduction to reinforcement learning
The problem of decision making in a Markov Decision
Process (MDP) is considered. The solution is based on
Reinforcement Learning, in particular Q-learning. A
particular approximation algorithm based on deep
(Q-)-learning, where the “Q” function is approximated
by a neural network is also considered, introducing
Deep Reinforcement Learning.
8th Nov '17. Jesús Zambrano: Gaussian Process Regression and Gaussian
Mixture Models for data monitoring and possible application

Presentation of two machine-learning
techniques: Gaussian Process Regression and
Gaussian Mixture Models as tools for monitoring
and fault detection. The presentation included
example of the implementation in Matlab, and a
case study of monitoring a secondary settler of
an activated sludge process.
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PhD Courses
10th Nov '17. Alejandro del Real: Distributed MPC
Discussion about how to
move traditional MPC
schemes to a distribute
approach where systems
cooperate to reach and
agreed optimum

20th Nov '17. Ning Xiong: Deep Learning

Introduction of the basic idea of
deep learning and discussion
of three typical deep neural
networks (convolutional neural
network, recurrent neural network,
deep belief network

4th Dec '17. Mobyen Ahmed and Shahina Begum. Learning Algorithmsregressions

Presentation and discussion about an overview on
machine learning and reasoning including some case
studies, recent advancement and applications.
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PhD Courses
11st Dec '17. Erik Dahlquist. Implementation of soft sensors

Soft sensors is trying to do what the brain
does but to try to find concrete correlations
between specific measurements and some
quality variables we want to determine
quantitatively. Different algorithms can be
used for this, and the procedure is often
called machine learning or multivariable
data regression. Adapting model means to
both update soft sensors with new data
and experience, but also to tune physical
models with new data collected.

18th Dec '17. Jawad Elomari and Markus Bohlin: Production planning and
Optimization. Optimal power flow and unit commitment problems and
nonlinear optimization techniques

Demonstrated how the physical
requirements of the problem require a
complex nonlinear mathematical model, in
order to provide more accurate predictions
about how much, and how frequent,
energy should be produced

Do not forget to follow us!

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 723523

FUDIPO: PAVING THE WAY TO THE INDUSTRY OPTIMISATION

13

