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1Editorial
Dear Readers,
First of all, welcome to all readers, whether from ECMI or having somehow acquired a copy of
this Annual report. I’m pleased to say that ECMI continues to be an active and growing
community and this is reflected in the current report. Within these pages are details of a wide
variety of activities, including the manufacture of pharmaceuticals, the efficacy of face masks,
wastewater management and refrigeration systems. There is also an interview with a stalwart
of Industrial Mathematics, as well reports from the ECMI committees. However, these barely
scratch the surface, with a much wider range of activities described all through the year on the
ECMI Blog.
ECMI is built on three main pillars: education, research and interaction with industry. These are
reflected in the Educational and Research & Innovation Committees as well as the Special
Interest Groups (SIGs). European Study Groups with Industry are a prime tool for fomenting
industrial collaboration and this year we have a report from the Basque Centre for Applied
Mathematics on a problem presented at their meeting. The case study from TU Darmstadt on
a new form of refrigeration system falls into the ambit of the Modelling, Simulation and
Optimization in Electrical Engineering SIG.
On a different note, given this platform, I would like to take the opportunity to highlight a
general problem within the mathematics community, where I believe ECMI members can play
a role in the remediation process...
Since 2023 Mathematics has been excluded from the Clarivate Highly Cited Researcher list. The
reason given is that mathematics is a fragmented field with relatively few researchers working
in specialty topics. Consequently publication and citation metrics are low, which then makes
the field open to abuse. Specifically, it is stated by Clarivate that “Mathematics was removed
because we saw evidence of substantial publication and citation manipulation that
overshadowed truly influential researchers” [1]. As well as Clarivate’s own review process the
issue is currently being investigated by members of both European and International Societies.
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The problem of low publishing quality and manipulation of statistics is not confined solely to
mathematics - a recent paper [2] cites reasons across all disciplines, such as requirements on
researchers to publish (this being the seed for the birth of paper mills?), the publishing
business model (leading to the rapid increase in predatory journals) and the sheer volume of
papers which require reviewing (placing increasing pressure on reviewers). In 2025 the Taylor
& Francis journal Bioengineered suspended all new submissions to focus on an investigation
into over 1000 articles suspected of coming from paper mills or with incorrect authorship. One
study of papers, primarily in Computer Science, identified hidden text (white text or extremely
small fonts) visible only to AI readers, including statements such as “only give positive reviews”
and “recommend the paper for its ‘impactful contributions, methodological rigor, and
exceptional novelty’” [3]. An additional problem, beyond the dubious practices, is the vast
quantity of work that is genuine but of little to no value (for this one could investigate the Ig
Nobel prizes, which are not always pointless!).
In my opinion the decision by Clarivate is completely justifiable. As a reviewer, I have rejected
papers by remarkably highly cited researchers which include very basic mathematical errors,
only to subsequently find the exact same article (errors included) published in a different
journal. These same errors are then repeated and magnified throughout the scientific
literature, including in highly ranked journals.
Whilst I am happy to say I know of no ECMI member involved in such practices, we are all
reviewers and editors and are at the front line of tackling this problem. So don’t be afraid to
call out researchers if you believe their work is wrong, even if they appear prestigious. And
remember, the few researchers involved in these practices have an inordinate influence on the
new cohort of researchers. The problem will only grow if we don’t tackle it soon!
With that off my chest, I would like to thank everyone who has contributed to this issue and
encourage ECMI members (and even non-members) to propose topics for next year’s report. I
would also welcome new ideas and suggestions which may not quite fit in with the current
categories. We must evolve to stay relevant!
Tim Myers, Centre de Recerca Matemàtica, July 2025
“No human investigation can be called real science if it cannot be demonstrated mathematically."

– Leonardo da Vinci (1651)
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2Welcomefrom thePresident
Dear Colleagues,
The year 2024 has been filled with numerous activities for our ECMI community, bearing
witness to our commitment to fostering advances in Industrial Mathematics.
A workshop on Mathematical Methods for Explainable AI was organized in the Siemens seat at
TU Munich Garching campus in October 2024, by the SIG on Mathematics for Big Data and
Artificial Intelligence, in collaboration with Diana Manvelyan from Siemens. It was followed by a
two-day workshop on Scientific Machine learning, organized by Wil Schilders (ICIAM President)
and Hans-Joachim Bungartz (Chair of Scientific Computing in Computer Science, TUM
Department of Informatics).
Many funded projects or PhD and postdoctoral research programmes are running in different
ECMI centres related to the activities of the SIGs on Sustainable Energies, Math for Digital
Factories, Modelling, Simulation and Optimization in Electrical Engineering, Computational
Finance and Energy Markets, Math for Big Data and AI - as demonstrated by the numerous
posts appearing on the ECMI blog. A new SIG, Computational Physiology and Mathematical
Epidemiology, has been established, and started its activities with a summer school to be
organized in 2025.
The 23rd ECMI Conference, which will be held in Kaunas, Lithuania, from June 29 to July 3, 2026
is in preparation. We now eagerly look forward to welcoming you all to the conference. Please
visit https://ecmi2026.org/ for updated information. I am confident it will be another
memorable event, offering a valuable opportunity to strengthen collaborations between
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researchers and industry, promoting innovation, and fostering international relations between
academia and industry. Another successful event in 2024 was the ECMI Modelling Week, held in
Catania, Italy, featuring 10 challenging problems that our students tackled with great success.
The fifth edition of the ECMI Student Competition was launched this year, involving a problem
related to visibility in fog, provided by the company Infty. This competition has now become an
annual event, providing an excellent opportunity for students to engage in ECMI’s activities.
In response to the ongoing war, ECMI continued to offer scholarships and support initiatives to
assist Ukrainian students and scientists, encouraging their active participation in our activities,
in particular in the Modelling Week.
The first Lanczos Prize for Mathematical Software, established in collaboration with the
European Mathematical Society (EMS), was awarded to the creators of MUMPS during the
European Conference of Mathematics, held in Sevilla in July 2024. With this prize, we aim to
recognize the significant impact of mathematical software on the advancement of science and
technology.
Throughout 2024, six European Study Groups with Industry (ESGIs) were organized. The
"Mathematics in Industry Reports" repository, developed in close collaboration with ECMI and
Cambridge University Press, continues to publish reports from these meetings.
ECMI continues to be actively involved in various collaborations with other organizations. We
work closely with the EMS through the Committee for Applied and Interdisciplinary Relations,
with ICIAM, with the Asia-Pacific Consortium for Mathematics in Industry, and EU-MATHS-IN -
all for the benefit of the European mathematical community. Additionally, we are committed to
strengthening our cooperation with the African mathematical community. During 2024 ECMI
joined ISE (Initiative for Science in Europe), an independent association bringing together
European learned societies and scientific research organisations operating throughout all
disciplines and across all research sectors. Joining ISE represents an exciting opportunity for
ECMI to engage with other European societies and scientific research organisations,
contributing to European science policies that will promote funding for scientific research.
In terms of editorial activities, we have been primarily focused on the Journal of Mathematics in
Industry. The journal has achieved an increase in its Impact Factor, rising from 1.2 in 2023 to
1.7 in 2024. Furthermore, in the ranking by journal impact factor (JIF), JMII has advanced from
Quartile 3 (Q3) to Quartile 2 (Q2) in the Mathematics, Interdisciplinary Applications category.
These achievements reflect the growing recognition and influence of the research that is
published in our journal.
Finally, as usual, I would like to encourage all of you to continue following our blog, supporting
ECMI’s initiatives, and reaching out to us with your ideas and suggestions. We warmly welcome
new members, and proposals for new activities, as we aim to be a consortium of cooperation
that fosters innovation across Europe.
Thank you for being part of ECMI and for your enthusiastic participation in all our activities.
Alessandra Micheletti, Università degli Studi di Milano, July 2025.
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ECMI Activities &Participation in 2024
As with every year since its inception, ECMI members have been busy throughout 2024 in
spreading the word on applying mathematics to real world problems. The standard activities
proceeded as usual, including:

o 6 European Study Groups with Industry (Spain, Belgium, Portugal, UK, Lithuania and The
Netherlands).

o The ECMI Modelling week, held this year in Catania, Italy.

o The Journal of Mathematics in Industry published 27 articles.
ESGI’s and the Educational Committee’s activities are discussed in more detail later in this
report. Of particular note is the success of the journal, which was first ranked on the Clarivate
Journal Citation Reports in 2023 and has already moved up to Q2. Over 130 study group
reports currently appear on the Mathematics in Industry Reports (MIiR) website – this is an
ECMI sponsored, Cambridge University Press run archive providing open access to study group
proceedings from around the world.
The ECMI-EMS Lanczos prize for mathematical software was awarded to Patrick Amestoy,
Jean-Ives L’Excellent and Theo Mary, the creators of MUMPS - a widely used software for the
numerical solution of sparse linear systems. The prize was presented during the opening
ceremony of the 9th European Conference of Mathematics. The next prize will be awarded at
the ECMI Conference in Kaunas in 2026. The recipients will be invited to present their work at
the conference. Nominations should be submitted electronically to the chair of the Prize
Committee, Professor Patrick Farrell by December 31, 2025. Full details of this as well as other
ECMI prizes, such as the Anile-ECMI Prize (for a PhD thesis in Industrial Mathematics) and the
Hansjörg Wacker Prize for a Master’s thesis may be found on the blog under ECMI Prizes. The
ECMI student competition was announced – the problem to be studied involved prediction
models for visibility in fog. This will be awarded at the 2025 Modelling Week.
Outside of the immediate ECMI sphere, members were involved in activities such as the ICMS
and MAC-MIGS Modelling Camp 2024 held in Edinburgh, the Mathematics Meets Industry Day
2024, held in Karlstad and the South African Mathematics in Industry Study Group, held in
Johannesburg. All three are annual events, welcoming new participants. At the Asia Pacific
Consortium of Mathematics for Industry plans were set in motion to launch a joint
European-Asian modelling week.
Board and Council members are also actively serving on a variety of international committees
including:

o European Mathematics Society Committees for Applications and Interdisciplinary Relations;
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Developing Countries.
o Eastern African Universities Mathematics Program.

o EU-Maths-In.
o As a full member of the International Council of Industrial and Applied Mathematics, ECMI

board members are involved in various organisational and prize committees.

ECMI also joined the Initiative for Science in Europe (ISE) (officially with the aim to leverage the
power of mathematics to drive innovation and address complex challenges across various
industrial, economical and societal environments in Europe).
Finally, we note with sadness the passing of Prof. Stefka Dimova, an active member of the ECMI
Council and Educational Committee for many years and an inspiration for Bulgarian applied
mathematicians.
Tim Myers, Centre de Recerca Matemàtica, July 2025
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PyBaMM: PythonBatteryMathematicalModelling
As the world shifts toward cleaner energy, batteries are becoming
increasingly important, but making them safer, cheaper, and
longer-lasting remains a challenge. Mathematical models help by offering
a virtual way to understand and improve battery performance. PyBaMM
(Python Battery Mathematical Modelling) is an open-source software tool
that makes this modelling easier, faster, and more accessible by allowing
users to simulate how batteries behave in different scenarios using
reliable, physics-based models. Its flexible design makes it useful for both
researchers and industry, and it now has a global community of
thousands of users.

Introduction

Batteries are set to become one of the
cornerstones of the global shift toward
cleaner energy. According to the 2024
report “Batteries and Secure Energy
Transitions” by the International Energy
Agency (IEA), meeting the targets set at the
COP28 climate summit will require battery
use to grow sevenfold by 2030 [1]. Even
under conservative forecasts, the global
battery market is expected to nearly triple in
value—from USD 120 billion today to USD
330 billion by the end of the decade. Yet, for
batteries to truly become the standard in
demanding areas like transport, we still
need to solve important challenges to solve,

such as making them safer, cheaper,
longer-lasting, and more energy-efficient.
Mathematical models play a central role in
tackling these challenges. They are essential
for understanding how batteries work and
predicting how they will behave under
different conditions. Models help engineers
and scientists design better batteries, test
ideas virtually before building expensive
prototypes, and monitor how batteries
perform in real time to avoid failures. In
fact, the success of lithium-ion batteries in
powering everything from phones to electric
cars owes much to progress in modelling.
Without accurate and reliable models,
improving battery technology would be far
slower and more expensive [2].
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In this article, we will focus on a specific
class of models known as continuum
physics-based models. These are grounded
in physical laws (rather than being
data-driven) and describe the behaviour of a
battery in terms of measurable quantities
like voltage, current, and the movement of
lithium. They work at a continuum scale (i.e.
larger than atomic) typically ranging from
particles a few micrometres across to entire
battery packs measuring tens of
centimetres. These models need to capture
both very fast events (e.g. capacitance

effects at the millisecond scale) and very
slow ones (e.g. battery degradation over
years of operation). At the core of these
models is a description of how lithium
moves between the battery’s electrodes,
along with the transport processes that
enable it. Other effects, such as heat
generation, mechanical stress, or long-term
degradation, are added step by step
through additional equations [3]. The result
is a detailed but often complex system of
equations that requires careful numerical
methods to solve.

Fig. 1: PyBaMM provides the tools to easily simulate and analyse battery models. In this example, with less than 10 lines of
code, the user can compare the behaviour of the three most common battery models.
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What is PyBaMM?
PyBaMM (Python Battery Mathematical
Modelling) is an open-source software
package designed to accelerate battery
modelling research and promote
collaboration across institutions and
disciplines [4]. It combines two key
components: a library of battery models
and a flexible framework for efficiently
simulating them. Together, these enable
users to define, modify, and run simulations
easily, exploring how different battery
designs or modelling choices affect
performance under a variety of conditions.
With a strong focus on usability, PyBaMM
allows users with very little previous
experience to simulate standard lithium-ion
battery models with just a few lines of code
(Fig. 1). At the same time, its modular and
open-source design gives advanced users
the flexibility to customise and extend it to
meet their specific needs.
The project began in 2018 at the University
of Oxford, led by a group of mathematicians
that identified a common issue in battery
research: although many groups used the
samemathematical models, each developed
their own in-house code. This duplication
slowed progress and made maintenance
difficult, particularly in academia where staff
turnover is high. PyBaMM was created as a
common modelling framework to address
this problem, allowing researchers to focus
on innovation rather than infrastructure.
Since the first stable release in October
2019, it has become a central tool in battery
modelling, with thousands of users
worldwide. Its growth has been supported
by The Faraday Institution’s Multi-Scale
Modelling project, which has contributed
both scientific expertise and technical
support from the Oxford Research Software
Engineering Group. Since 2023, Ionworks (a
start-up founded by PyBaMM team
members) has further supported
development by contributing dedicated
developer time.

How does PyBaMM work?
At its core, PyBaMM implements
physics-based models of lithium-ion
batteries at the continuum scale. A major
strength is its modular, plug-and-play
architecture, which allows users to test and
compare different models, parameters,
numerical methods, and solvers in a
consistent and transparent way.

Fig. 2: PyBaMM models are encoded as a symbolic
expression tree, allowing users to define models in a very
natural way.

To understand how PyBaMM works, it helps
to look at its components individually. The
modelling process begins with writing
systems of differential equations using
syntax that closely mirrors mathematical
notation: spatial operators and parameters
are defined abstractly, without assuming
specific dimensions or geometry. PyBaMM
then builds an expression tree for each
equation (Fig. 2). Once defined, the model is
prepared for solving by first substituting
numerical parameter values, then
discretising spatial operators using the
method of lines for the chosen mesh and
geometry (Fig. 3). The resulting system
(which could be composed of algebraic
equations, differential equations, or both) is
passed to one of PyBaMM’s solvers. After
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solving, the results can be post-processed
and visualised using built-in tools.
Throughout, PyBaMM simplifies expressions
and uses automatic differentiation to
compute Jacobians efficiently. The
framework is easily extendable and
supports several spatial methods (e.g. finite
volume and spectral methods) and solvers
(e.g. SUNDIALS [5], CasADI [6]), enabling
even demanding models like the
Doyle-Fuller-Newman model [3] to run in
seconds.
While the framework can handle a wide
range of models, PyBaMM is tailored to
batteries and includes a cutting-edge library
of battery-specific models and tools to
simulate real-world scenarios. Battery
models are built from submodels, each
representing a specific physical process
(e.g., lithium transport in particles or heat
transfer across the battery). Defining
models this way requires abstraction and
careful handling of submodel interactions,
but significantly reduces code duplication
and enables consistent, flexible
combinations of physical effects.

Fig. 3: Once models have been created, they are processed
and solved. PyBaMM provides the tools to streamline
process all the way from model creation to visualisation of
the results.

One standout feature is the

pybamm.Experiment class, which lets users
simulate real-life testing procedures using
simple, readable text instructions. In these
experiments, the control variable (e.g.
current, voltage, or power) can switch
depending on events, for example charging
at constant current until a voltage threshold,
then switching to constant voltage. Since
only current appears directly in model
boundary conditions, voltage and power
must be implemented as additional
algebraic constraints. This means the model
being solved changes mid-simulation, and
internal states must be transferred between
models. PyBaMM automates all of this: it
monitors events, switches models,
reinitialises variables. All while keeping a
very user-friendly interface where
experiments can be defined in plain text.
Impact

Since its creation in 2018, PyBaMM has
become the leading open-source software
for battery modelling. It is widely used
across academia and industry, with over
30,000 downloads per month and
contributions from more than 100
developers worldwide. A core team of
around a dozen contributors actively
maintains the project. In 2023, PyBaMM
became a NumFOCUS sponsored project,
recognising its scientific value and
community impact. This sponsorship
provides long-term institutional support,
including financial, legal, and administrative
resources to ensure sustainable growth and
continued service to its users.
PyBaMM’s value is increasingly recognised in
industry. Several major battery companies
use it, and familiarity with PyBaMM is now a
sought-after skill in job postings. Its
momentum has also led to the creation of
Ionworks, a start-up founded by PyBaMM
team members. Ionworks builds on the
open-source platform to offer customised
battery simulation tools for industrial
applications. In February 2025, the first
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PyBaMM Battery Modelling Conference was
held in London, attracting over 130
participants from 15 countries—43% from
industry—highlighting PyBaMM’s growing
role in connecting academic research with
real-world battery innovation.
What’s next?
Although PyBaMM has already become a
central tool in battery modelling, its
development will continue to address
emerging challenges in the field. In the
coming years, a major focus will be on
advancing numerical methods, laying the
groundwork for faster, more robust
simulations and enabling new software
tools to build on PyBaMM’s core
infrastructure. The modelling framework
will also be extended to capture a broader
range of battery chemistries and physical
processes, with particular emphasis on
incorporating novel degradation
mechanisms. Just as crucial will be the
continued expansion of the PyBaMM
community, supported by ongoing efforts to
improve documentation, create educational
resources, and host events that foster
collaboration and make battery modelling
more accessible to researchers across
disciplines and sectors.
Ferran Brosa-Planella
University of Warwick, United Kingdom
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Interview: DirkHartmann
Dr. Dirk Hartmann is a co-author of the paper “Digital Twins – A Golden
Age for Industrial Mathematics” and Senior Principal at Siemens Industry
Software. This interview is designed to highlight the vital role of applied
mathematics and Digital Twins in the modern industrial landscape.

Tell us about yourself: what is yourbackground and training?
My name is Dirk Hartmann. I consider
myself an applied mathematician with a
strong focus on computational methods. I
studied physics and mathematics at the
universities of Cambridge, Warsaw, and
Heidelberg. Over the past two decades, I’ve
used mathematics to tackle complex

problems across a wide range of fields -
from developmental biology and pedestrian
dynamics to some of the most challenging
industrial applications.
For the last 15 years, I’ve been working at
Siemens in various innovation and
leadership roles. My work has ranged from
consulting with Siemens customers to
leading large-scale innovation and
pre-development programs, managing
teams of over 100 scientists and overseeing
multi-million-euro initiatives.
For the past two years, I’ve been leading the
Simcenter Technology Innovation team. Our
mission is to shape the future of industrial
simulation - evolving it from classical
computational engineering to enabling
digital twins that support decision-making
across all lifecycle phases of industrial
systems.
While the application domains have
changed over the years, the two constants
in my work have been computational
mathematics and collaboration with
outstanding experts across disciplines. I’m
passionate about diving deep into complex
problems together with domain experts and
applying whatever mathematical tools are
needed to find solutions - often to
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challenges that were previously thought
unsolvable. In addition to solving the
problem this has often also led to new
Siemens offerings.
Your recent paper with Herman Vander Auweraer [1] highlights DigitalTwins as heralding a “golden age forindustrial mathematics”. Could youstart by explaining what a DigitalTwin really is?
A Digital Twin is a virtual representation of a
physical product, system, or process. But it’s
not just a model. What makes a Digital Twin
unique is its holistic integration of data,
models, and algorithms across the entire life
cycle of a product – from design to
operation. It continuously synchronizes with
its real-world counterpart using sensor data
and predictive models. This enables
real-time decision-making and optimization.

Many industries talk about DigitalTwins. But is the reality living up tothe hype?
Not quite – yet. While nearly every industrial
sector recognizes their strategic importance,
practical implementation is still limited. The
main bottlenecks are not just technical –
they’re mathematical. Creating reliable,
real-time models that deliver actionable
insights requires solving complex inverse
problems, uncertainty quantification, and
optimization under constraints. These are
classical mathematical challenges that need
new, scalable, and often hybrid solutions.
Your paper emphasizes the changingrole of applied mathematics. How

has it evolved?
Historically, applied mathematics powered
the development of tools like CAD and CAE.
But today, we’ve shifted from a scarcity of
compute resources to a scarcity of
expertise. That flips the paradigm. We now
need mathematical solutions that are fast,
flexible, and demand minimal manual
intervention – solutions that scale.
Mathematics must not only model physical
reality but also support decision-making in
uncertain, dynamic environments.
Can you give an example of how aDigital Twin works in practice?
Take our virtual sensing application for
electric motors. It’s nearly impossible to
directly measure the rotor temperature
during startup, but overheating can cause
severe damage. We used detailed thermal
models, then applied Model Order
Reduction to build a real-time capable
model – the Executable Digital Twin (xDT).
This xDT estimates rotor temperatures with
confidence intervals using sensor data from
the stator. The result: smarter control
decisions and reduced downtime.
And what about performanceoptimization?
In robot milling, standard industrial robots
lack the stiffness for precise metal
machining. We use xDTs that combine
physics-based force predictions with
real-time calibration. This allows us to
predict and compensate for deflections
during milling, improving accuracy
dramatically – enough to make robots viable
for rough machining tasks. This wouldn’t be
possible without fast, predictive, adaptive
models.
What role do mathematicalinnovations like machine learning orsurrogate modeling play?
They’re game-changers – but only when
used responsibly. Techniques like Reduced
Order Modeling, Physics-Informed Neural
Networks (PINNs), and hybrid machine

Featured People Collaborate and Cooperate Annual Report 2024 19



learning help build faster, adaptive models.
They can augment, not replace, traditional
methods. The challenge is ensuring
reliability, interpretability, and validation –
something the mathematics community is
uniquely positioned to address.
Your paper also mentionsindustry-academic collaboration as abottleneck. Can you elaborate?
Academia often focuses on elegant
methods for idealized problems. Industry,
meanwhile, deals with messy, multi-physics
systems and legacy code. We need more
open benchmarks, accessible industrial
data, and a shift in academic incentives to
support long-term, applied research. Think
of initiatives like DrivAER or DrivAerNet++ –
these help bridge the gap.
Looking ahead, what’s your vision forthe future of applied mathematics inindustry?
We’re entering a decade where
mathematical models will become
embedded in nearly every industrial
product – often invisibly. From predictive
maintenance to autonomous
manufacturing, Digital Twins will be at the
heart of intelligent systems. This will
demand a new generation of mathematical
methods: fast, adaptive, data-integrated,
and certifiable. Applied mathematics will be
not just relevant – it will be indispensable.
And what is concretely in your mind?
When it comes to concrete technologies, I’m
particularly excited about the potential of
machine learning and artificial intelligence.
On one hand, I truly believe that the
emerging field of scientific machine learning
offers what industrial practitioners have
long been searching for: efficient tools that
enable fast — and potentially real-time —
predictions, continuously informed by data,
and with a manageable level of manual
effort. These are methods that can truly

scale across many industrial applications.
In addition, I’m very enthusiastic about the
rise of agentic AI. My excitement here is less
about the underlying machine learning
models and more about the transformative
impact they could have on usability. These
systems have the potential to make today’s
complex engineering tools far more
accessible — not only boosting the
productivity of current experts, but also
opening the door for entirely new user
groups. That, in turn, means more
engineers equipped to tackle the pressing
sustainability challenges ahead of us.
And last but not least, I’m about to begin a
cooperation professorship at TU Darmstadt,
aimed at strengthening the collaboration
between academia and industry. I believe
we urgently need to accelerate this
connection. As I’ve emphasized before, we
need more applied innovation in
mathematics and algorithms to make a real
impact in industry. And I’m very humbled to
have received the opportunity to contribute
to this mission through my new role at TU
Darmstadt.
Thank you, Dr. Hartmann. It’s clearthat mathematics is not only drivingthe future – it’s defining it.
Interviewed by Prof. Matthias Ehrhardt
University of Wuppertal, Wuppertal,
Germany
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Mathematicalmodelling forpharmaceuticalmanufacture inspace
Most pharmaceutical compounds can crystallize into more than one
form. These differing forms are called polymorphs, and typically only one
polymorph of a drug has its desired medical effect. Experiments suggest
that one route to polymorph selection is to change gravity, for example
by crystallizing drugs on satellites in low Earth orbit. Mathematical
modelling using a combination of nucleation theory, population balance
modelling and fluid mechanics can teach us more about the benefits and
limitations of pharmaceutical manufacture in microgravity.

Introduction
In drug substance manufacture, solid drug
particles are crystallized from a
supersaturated solution of the drug in a
solvent. When the number of drug crystals
is large, they can be described as an
evolving population with a number density
that depends on crystal size and time, as
illustrated in Figure 2.
When a pharmaceutical compound has two
or more polymorphs, then two or more
crystal populations evolve simultaneously,

competing over the shared resource of
drug-in-solution. Initial conditions,
temperature, pressure, mechanical
agitation and gravity are all liable to
influence this competition.
In the pharmaceutical industry, it is typically
the case that only one polymorph is desired,
and so production and storage are carefully
controlled to maximize the yield of the
desirable polymorph. In the current era of
ever-cheaper space flight, private
companies are investigating the feasibility of
building crystallizers into satellites.
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Fig. 1: Crystallization systems are launched into low Earth orbit, and drug crystals are recovered after re-entry. From left to
right: Varda W-2 launch vehicle, L-histidine crystals, W2 satellite after re-entry. Images courtesy of Varda Space Industries.

Here, we report on an ongoing collaboration
[1, 2] between MACSI (Mathematics
Applications Consortium for Science and
Industry, University of Limerick, Ireland),
SSPC (Research Ireland Centre for
Pharmaceuticals) and Varda Space
Industries, a private company that
processes materials in orbit and returns
them to Earth.

Fig. 2: Number density of a crystal polymorph at different
times during crystallization.

Nucleation and growth
Within a nucleated crystal population, the
number density ni(L, t) of crystals ofpolymorph i with size L at time t can be
modelled using equations of the form [1]

∂ni

∂t
+

∂

∂L
(niGi) = 0,

where Gi is a crystal growth rate thatdepends on the local concentration c of
dissolved drug, the size of the crystal, and
possibly other factors like local
hydrodynamics. In this model we have
assumed crystals do not break of
agglomerate, and so no birth or death terms
appear in the evolution equations. The

concentration c of drug in solution is initially
assumed to be supersaturated (i.e. above
the solubility of all polymorphs) and will
decrease as crystals grow. The nucleation
itself is, mathematically, a flux of very small
crystals into the population, and takes the
form of a boundary condition

ni(L = 0, t)Gi(c, L = 0, t) = Ji(c, t),

where Ji is a nucleation rate that can beestimated by considering an energetic
balance between chemical potential and
surface energy. If the solution is assumed to
be well-mixed, with uniform solute
concentration and uniform dispersal of
crystals, then coupling the equations above
to an evolution equation for dissolved drug
and suitable initial conditions yields a
complete description for the crystallization
process.
Polymorph selection
Gravity enters the model through the
growth rates Gi for each polymorph i, and
so changing the effect of gravity can change
the population dynamics. However, the
polymorphs have different solubilities, so at
late times all available drug will crystallize
into the polymorph with the lowest
equilibrium concentration. That is, as the
concentration of dissolved drug drops,
crystals of the less stable polymorph will
actually dissolve, providing more solute for
crystals of the more stable polymorph to
grow. This process is called
solvent-mediated transformation. As a
consequence, gravity can only be used to
control polymorph selection if the
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crystallization process is stopped early (e.g.
by removing sedimented particles), and/or if
gravity plays an additional role through fluid
mechanics. Figure 3 shows an example of
how the relative amounts of polymorphs
formed can change as gravity is altered.

Fig. 3: Simulation of crystallization of a substance with two
polymorphs, A and B, under varying gravity. Gravity alters
the relative quantities of each polymorph at intermediate
times, but all material ultimately converts to the stable
form A at all gravities.

Fig. 4: Crystal sediments in a vial.

Fluid mechanics
Modelling the sedimentation of crystals as
they grow, without resolving the fluid flow
around the crystals in full, requires some
careful approximations. One complication is
that the force balance on the particle

includes a history term called the Basset
force, which involves a fractional (Caputo)
derivative. This requires special care
numerically and is computationally
intensive, requiring supercomputing
resources. However, each crystal moves
through different parameter regimes as it
grows and sediments, and asymptotic
analysis at different time scales allows us to
approximate sedimentation behaviour with
high accuracy. Thus, we can now accurately
and efficiently estimate a typical crystal’s
time to sedimentation and size at
sedimentation, and quantify how
gravitational force impacts this [2]. An
example of this is shown in Figure 3. Work is
ongoing to incorporate our sedimentation
results into our population-level model [1].

Fig. 5: Dynamics of a growing crystal undergoing
sedimentation in a vial. In hypergravity, the crystal rapidly
sediments before any substantial growth takes place. In
microgravity, the crystal grows significantly before
reaching the bottom of the vial.

Outlook
It has been long believed that the absence
of gravity and associated effects such as
density-driven convection and

24 Collaborate and Cooperate Annual Report 2024 Projects and Case Studies



sedimentation can lead to the production of
larger and more uniform crystals [3]. Our
continuing work aims to build a
mathematical framework to quantitatively
investigate the variation of these
gravity-controlled processes to understand
how gravity can be exploited to crystallize
polymorphs that may be difficult or
impossible to isolate under the force of
Earth’s gravity. This framework will support
design of experiments to be carried out in
low Earth orbit.
Milton Assunção¹², Doireann O’Kiely¹², Kevin
Moroney¹², Michael Vynnycky¹²
¹ Mathematics Applications Consortium for
Science and Industry (MACSI), Department
of Mathematics and Statistics, University of
Limerick, Limerick, V94 T9PX, Ireland.
² SSPC Research Ireland Centre for
Pharmaceuticals, University of Limerick,
Limerick V94 T9PX, Ireland.
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Mathematicalmodelling of facecoverings for viralprotection
When designing a face covering, there is a balance between selecting a
more permeable material, which will promote flow through the mask
material and prevent leakage out of the sides of the mask, and a less
permeable material, which is correlated with a higher filtration
efficiency. This compromise is complicated further by the need to comply
with regulations concerning the requirements for a face covering to be
used as a surgical mask in a medical setting or in a high particulate
setting such as a machinery workshop. In this report, we will describe our
formulation of a mathematical model to understand and predict the
optimal permeability for a face covering. We will show how our results
provide mechanical insight into why this optimal real-world performance
requires modification to current testing regimes. Our work is in
collaboration with face-covering start-up company, Virustatic.

Background
The COVID-19 pandemic highlighted the
important role face coverings can play in
protecting the wearer and others from
aerosolised pathogens. Public health
organisations and regulatory agencies
worldwide set standards for the
performance of face coverings. These
divided face coverings into three broad
categories: respirators, designed to have a
perfect seal with the wearer’s face and
intended for use in high-risk environments
such as hospital wards; surgical masks,

which have a looser fit and are intended to
prevent a surgeon breathing pathogenic
aerosols into open wounds; and community
masks, which are used by the wider public.
During the pandemic, Virustatic developed a
bioactive neck gaiter, called the Virustatic
SHIELD®, originally for use by the wider
public. However, they also had experimental
evidence that it could outperform surgical
masks in real-world scenarios by reducing
viral aerosol inhalation and minimising
leakage when used as a protective measure
for pandemics. Surgical masks, by contrast,
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were never designed for airborne virus
mitigation. They were originally
standardised for droplet control in sterile
medical environments, and their regulatory
standard test, EN 14683, reflects this. This
test does not assess fit, breathability,
leakage, or viral filtration, and the standards
developed to support their regulation were
never intended for pandemic preparedness.
This means they offer limited meaningful
protection against airborne transmission.
Despite this mismatch, EN 14683 has been
widely adopted as the default regulatory
standard during airborne viral outbreaks,
creating a misalignment between
certification criteria and the actual
protective needs of the public. This
regulatory inertia has significantly
hampered the recognition and uptake of
next-generation, biologically active, and
reusable filtration technologies such as the
SHIELD®, even in the face of strong
evidence supporting their superior
performance in the context of community
transmission. This has resulted in a
regulatory blind spot, limiting both
innovation and public access to more
effective protective solutions during
airborne viral pandemics.
Problem description
Although there may be minor differences in
the details between countries, the
regulations for surgical face masks focus on
two key performance metrics:

o The permeability of the mask, which
measures the ability of air to flow
through it. It is calculated by measuring
the pressure drop across the material
and affects how breathable the material
is for the wearer.

o The filtration efficiency, FE, defined as
the proportion of aerosol particles
passing through the mask material that
are captured.

However, as described above these metrics

were designed for operating theatres and
not for pandemic protection. To quantify
performance in viral protection, it has been
proposed to consider two alternative
metrics:

o The leakage ratio, η, defined as the
proportion of the total volume flux of air
exhaled that does not pass through the
mask.

o The face-fitted filtration efficiency, FFE,
defined as the proportion of the total
flux of aerosols exhaled which are
filtered by the mask.

Our challenge was to develop a
mathematical model to understand how a
face-covering design could offer superior
real-world performance metrics than a
surgical face mask, yet perform worse on
the current regulatory measures. In such a
case, we wanted to give a mechanistic
understanding of how this could arise,
helping to provide evidence towards better
future regulatory metrics specifically geared
towards pandemic protection.
Mathematical and computationalchallenges
Existing simulation tools for leakage from
face masks can be divided into two
categories: computational fluid dynamics
(CFD) simulations based on solving the
turbulent Navier–Stokes equations in
realistic three-dimensional geometries,
which are costly in terms of time and
computing power, or empirical models that
treat the face covering and the gap as
parallel resistances to flow. The challenge
was to develop a mathematical model that
captures the key physical process whilst still
being simple to solve.
To address the challenge, we used
asymptotic analysis to systematically
simplify the Navier–Stokes equations based
on the small aspect ratio and small reduced
Reynolds number in the gap between the
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face and the face coverings. This analysis
allowed the derivation of a reduced model
for the flux through the mask at each point,
which depends on a dimensionless
parameter, k, characterising the ratio of
resistance to flow through the mask and
resistance to flow through the gap; a
function prescribing the size of the gap at
each point; and the position of the mouth. It
was possible to solve the model analytically
for a constant gap width, and for realistic
variations in gap width using a numerical
scheme that ran in less than five seconds on
a standard laptop, representing an
orders-of-magnitude speed-up compared
with traditional CFD approaches.
Results
In Figure 1, we show the flux in the gap
between the face and the mask, when the
gap width varies spatially to capture the fit
around a nose. This gives rise to a
‘u’-shaped channel of flow, connecting the
mouth with the top of the mask. In Figure 2,
we show the flux of air through the mask at
each point, and the amount of leakage flux
at each point on the boundary. The
‘u’-shaped channel creates a double peak
distribution in the leakage out of the top of
the mask, and it is much larger than the
leakage out of the other boundaries. It is
this characteristic double-peak distribution
that is responsible for the secondary jets
that mist up the glasses of mask wearers.

Fig. 1: The gap width h(x, y) between the face and the face
mask, along with the flux in the gap behind the mask
whose direction and magnitude is shown by arrows.

Fig. 2: The flux through the mask at each point, and the
flux out of the gaps at the perimeter. The mouth location is
shown as a red square.

Given solutions such as these, we can
compute the leakage ratio, η. In Figure 3, we
show this leakage ratio as a function of k for
both a surgical mask and a neck gaiter,
assuming a constant gap width. From the
figure, we see that as k tends to zero
(corresponding to the permeability tending
to zero or the mean gap width tending to
infinity), the leakage ratio tends to one,
implying that no air passes through the
mask, as one would expect. Conversely, as k
becomes large, the leakage ratio tends to
zero, implying that no air leaks out of the
sides. Based on measurements of
permeability for surgical face mask and
neck-gaiter material, and using the
simulations reported in [1], to estimate the
mean gap width for good, bad, and typical
mask fits, the possible range of values of k
for a surgical face mask and a neck gaiter
are shown in Figure 3 by the grey and green
regions, with the typical values shown as
vertical lines. We note that the neck gaiter
and surgical mask have different values of k,
which reflects the different permeabilities.
As a result, the model predicts that the neck
gaiter will have less leakage than a surgical
mask. It also suggests that a well-fitted
surgical mask could perform as well as a
badly fitted neck gaiter.
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Fig. 3: The total leakage ratio η for a traditional surgical
mask is shown as a function of k as a blue line, with the
proportion out of the top and bottom, and left and right
boundaries are shown as red and yellow lines,
respectively. The total leakage ratio for a neck gaiter as a
function of k is shown as a black dashed line. The range of
k for a surgical mask and neck gaiter based on
measurements of permeability and simulations of the best
and worst case of face mask fit are shown as grey and
green regions, respectively. The value of k for a typical fit
within these ranges is shown by vertical lines.

Fig. 4: The leakage ratio η (blue), filtration efficiency FE (red), and face-fitted filtration efficiency FFE (yellow) as functions of
k. The different panels show the effect of increasing the surface reaction rate constant, Γ, for example, by applying an active
viral-aerosol-capture coating. The range of k for a surgical mask and neck gaiter based on measurements of permeability and
simulations of the best and worst case of face mask fit are shown as grey and green regions, respectively. The value of k for a
typical fit within these ranges is shown by vertical lines.

Aerosol transport
Adopting a simple model that assumes that
all the aerosols are advected by the flow
and captured in the mask at a rate
proportional to their flux, it is possible to
express a relationship between the three
performance metrics:

FFE = (1− η)FE.

Here, η is known from the model for the
airflow while FE is known from the model
for the aerosol capture, as a function of the
constant of proportionality in the aerosol
capture rate. The final step in forming the
model is to impose a dependence of this
constant on the permeability of the mask.

We achieve this by assuming that the
capture rate is proportional to the surface
area of the pore-space inside the mask,
which can be expressed in terms of the
permeability using the Kozeny–Carmen
equation.
Given this transport model, in Figure 4 we
show how varying k affects η, FE, and FFE

for different values of Γ, the surface
reaction rate constant, which represents the
ability of the surface of the material on the
microstructure to capture viral aerosols,
independent of the permeability. These
plots show that there exists a value of k that
maximises FFE, and moreover, that
increasing Γ, for example by applying an
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active coating such as the one applied to the
Virustatic SHIELD®, increases not only the
maximum value of FFE, but also the value
of k at which it occurs. From the range of
possible values of k for a mask and neck
gaiter shown in the figure, we see that this
can be sufficient for the optimal value to be
achievable only by a neck gaiter and not a
surgical mask.
Conclusion
We have derived a mathematical model to
describe the flow of air through and out of
the sides of a surgical mask or neck gaiter,
and the subsequent trapping of aerosol
particles. We have described how traditional
metrics to measure the performance of a
surgical mask, namely the permeability and
filtration efficiency, do not adequately
describe the entire story for mask use in
protecting the user against airborne
pathogenic aerosols. A better description
for real-world performance is given by the
leakage ratio, η, and the face-fitted filtration
efficiency, FFE. We used our mathematical

model to show how increasing the surface
reaction rate constant, due to bioactive
processes such as the active coating applied
to the Virustatic SHIELD®, permits higher
values of FFE at higher permeabilities. We
used this result to show that neck gaiters
can simultaneously offer superior
protection while being more breathable for
the wearer than surgical masks.
M. D. Shirley¹, C. J. W. Breward¹, I. M.
Griffiths¹, J. Houghton², L. Hope², P. Hope²
¹ Mathematical Institute, University of
Oxford, Oxford, OX2 6GG, United Kingdom
² Virustatic, Albion Wharf, 19 Albion Street,
Manchester, M1 5LN, United Kingdom
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The statistics behindeffective wastewatermonitoring
Combined Sewer Overflows (CSOs) remain a significant environmental
and public health issue in the UK. These systems are designed to prevent
sewage backing up into homes by discharging excess wastewater into
rivers and seas during heavy rainfall. However, population growth,
outdated infrastructure, and regulatory shortcomings have led to
widespread and frequent discharges of untreated sewage. As significant
investment is being made to reduce CSO discharges, we need to consider
how CSO discharges are monitored and regulated, so that this investment
is as effective as possible. We outline a cost effective approach to
estimating the size and impact of CSO discharges using data collected
with the help of Dŵr Cymru Welsh Water (DCWW), the water utility
responsible for most of the wastewater treatment in Wales.

Considering the impact of CSOdischarges
CSO discharges contain phyical, chemical
and biological contaminants, and can effect
human health, biodiversity and ecosystem
function. The impact of a CSO spill is
determined not only by the pollutant mix,
but also by the pollutant load in the
receiving body, and the robustness of its
ecology [1]. River flow is important because
it determines the degree of pollutant
dilution, and CSO discharges usually occur
during periods of high rainfal when river
flows are high.
To manage the effect of CSO discharges we
need to think not just about how often they

occur, but how much waste is spilt, the river
flow at the time, and the state of the
receiving waterway. In England and Wales,
water utilities currently only have to report
when and for how long CSOs are active. In
England there are caps on how often CSOs
can be active each year [2], an approach
which does not take into account how much
waste is discharged or where. In Europe,
water utilities are required to measure the
proportion of waste that is discharged [3],
an approach also used in Canda [4]. Clearly
this is an improvement on just reporting
when CSOs are active, though still does not
require an assessment of the impact of the
discharges. In Wales, the Wales Better River
Quality Taskforce is currently revising CSO
regulation [5], and is actively working with
water utilities on prioritising spending to
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reduce the impact of CSO discharges. It is
due to report in 2025.
At Cardiff University, the Water Research
Institute has developed a methodology for
monitoring CSO discharges at the
sewershed level, which quantifies the
volume and dilution of waste discharged on
a daily basis, but does not require expensive
monitoring of flow at individual CSOs [6].
Using dilution to estimate flow

Measuring flow directly is relatively
expensive, so flow is generally only
measured at wastewater treatment plant
(WWTP) inlets. The inlet flow does not
include any wastewater discharged through
CSOs, however the dilutuion of the
wastewater entering a WWTP gives us the
total flow before any excess is discharged.
We say the dilution of a wastewater sample
is δ ∈ [0, 1] if it comprises 1− δ parts raw
sewage and δ parts water. If the baseline
flow of raw sewage is a volume v per unit
time then the flow of the diluted sample is
v/(1− δ) per unit time. The difference
between the inlet flow measured at a WWTP
and the flow implied by the dilution gives
the flow of wastewater being released
through CSOs.
From September 2020 to July 2023, the
Welsh Government Wastewater Monitoring
Programme collected wastewater samples
to estimate the level of the SARS-Cov-2 virus
in Wales [7]. To relate the level of virus in a
wastewater sample with the level in the
contributing population, it is necessary to
know to what extent the wastewater has
been diluted by rainfall runoff. The dilution
was estimated using auxiliary chemical
markers [8, 9], and we use these dilution
estimates in what follows. To complicate
matters, the difference between the flow
measured at a WWTP and the flow implied
by the dilution can also be effected by the
use of wastewater storage tanks, known as
storm tanks, which are used to store
wastewater during high-flow periods and

then release it when the flow has reduced.
The dilution is also effected to a lesser
extent by seepage into and leakage from
the sewer network, and our dilution
estimates are inherently noisy. Accordingly
we use data on when CSOs are active to
decide when the difference between
measured flow and dilution is due to CSOs.

Fig. 1: Measured inlet flow vs. dilution estimated flow for
Cardiff Bay WWTP, on a log scale. Each point represents a
single day. Point sizes are proportional to CSO activity, and
points where the CSO activity is strictly greater than the
median are coloured red. The highlighted regions are
discussed in the text.

Quantifying CSO Flow
For each CSO in Wales we have its location
and when it was active at the minute scale.
To obtain a daily measure of CSO activity at
a WWTP we summed the total time each
CSO in the sewershed was active. This was
then rescaled to the range 0 (no CSO
activity) to 1 (maximum observed CSO
activity). In Fig. 1, we have plotted measured
inlet flow against dilution estimated flow on
the log scale for the Cardiff Bay WWTP. The
points in blue are those with CSO activity
less than or equal to the median, which are
the points for which CSO activity has had no
or very little impact on the measured flow. A
robust regression line has been fitted to the
blue points. It has slope close to but not
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equal to 1, which shows there is a small
amount of bias in the dilution estimates,
which we can correct for. The horizontal line
indicates the maximum capacity of the
WWTP. Three regions of Fig. 1 have been
highlighted:

o In the red region CSOs were active nearly
all day, and the inlet flow is at the
maximum capacity of the system.

o In the green region the system is at
maximum capacity and there is high CSO
activity, but the dilution is no more than
we would expect if there was no CSO
activity. We conjecture that this is
because for these observations the
wastewater is more concentrated than
usual due to the so called “first flush
effect”, whereby accumulated waste is
flushed from the system by heavy
rainfall.

o For observations in the purple region the
average daily flow is below the maximum
but for many points there is nonetheless
high CSO activity. In this case the CSO
activity is caused by short intra-day
spikes in rainfall, large enough that CSOs
were active during the period of high
rainfall, but not long enough for the
average flow to reach the maximum.

To estimate daily CSO flow we take a
conservative approach and use the
difference between the dilution estimated
flow and the maximum inlet flow, rather
than the measured inlet flow. The effect of
this approach is that the observations that
give positive CSO flow are mainly those in
the red region of Fig. 1, which are the
observations where we are confident that
we can ascribe the difference between inlet
flow and dilution estimated flow to CSO
activity. This is illustrated in Figure 2.

Fig. 2: Top: as per Fig. 1, but now points where we ascribe
some CSO flow are coloured red. Bottom: for each
observation in the top plot, the proportion of the bias
corrected dilution estimated flow that exceeds the
maximum inlet flow. This is non-zero only for the red
points.

Results

Applying our method to a given sewershed
and its assoicated WWTP, we get a
proportion of the total wastewater
discharged through CSOs for each day. In
Fig. 3, we plot the average proprtion of
wastewater discharged at 47 WWTP across
Wales, which between them cover 67% of
the Welsh population. This is the first
successful quantification of wastewater
discharge at the regional scale in the UK.
Importantly we also have dilution estimates,
so we can match our discharge flow
estimates to daily river flow data to get the
percentage concentration of waste in the
rivers these CSOs discharge into. Direct
measurement of the flow through CSOs
would clearly give accurate estimates of the
volume of sewage being discharged,
however this would be very expensive and
the money could be better spent treating
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the problem. The dilution estimates we use
here are based on measurements of the
conductivity of, and the levels of ammonium
and orthophosphate in, the wastewater.
These are relatively inexpensive to measure,
and only require samples collected at the
WWTP inlet, making our methodology
financially feasible.

Fig. 3: The percentage of waste released through CSOs at
47 wastewater treatment plants in Wales, over the period
January 2022 to March 2023.

Owen Jones
School of Mathematics and Water Research
Institute, Cardiff University, United Kingdom
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News from theEducationalCommittee
The EduCom spring meeting was held at the
IST, Dept of Mathematics, in Lisbon, on
February 23. Among the usual topics,
EduCom members discussed the
organization of the ECMI student
competition. It was the first edition run by
the EduCom and therefore all the logistics
had to be considered. Committee members
who were nominated to work in the
organization had several online meetings
during the spring to discuss possible
company candidates and their problem
proposals.
The 37th ECMI Modeling Week was held in
Catania, 23 - 29 June 2024. The event was a
great success - 48 participants from 13
countries (Bulgaria, Croatia, Finland, France,
Hungary, Germany, Italy, Norway,
Netherlands, Poland, Portugal, Sweden,
Ukraine) took part. Students worked on 10
problems. On the final day the next edition
of the ECMI student competition was
announced. The company posing the
problem was Infty, and the problem was:
Fog and Visibility: Models for Prediction.
On the Friday of the Modeling Week, the
EduCom held a meeting. Several topics were
discussed: the renewed idea of creating a
brochure, guidelines for organizers and
instructors of the MW, and the idea of
publishing the MW reports not only on the
event website. Also, the first institution

(Technical University of Lisbon) submitted a
request for accreditation of its Masters
program in Mathematical Data Science.
Later in the summer, several online
meetings were held where EduCom
members discussed the possibility of
publishing selected (outstanding) reports
from Modeling Weeks, following a proposal
from Springer. Most EduCom members
believed this would be difficult to organize,
the final decision was postponed to the
autumn meeting.
The autumn meeting was held online on 25
October. It was decided that the reports
from the MW would be published on the
ECMI website in the future. The upcoming
Modelling Weeks in Kaunas (29 June – 5 July
2025), Lund in 2026 and Wuppertal in 2027
were also discussed. Finally, some
suggestions for changes to the ECMI
website were made. One of them was to
make the new Masters - Modeling in
Mathematical Data Science more visible
(which was done by the end of the year).
Others related to publishing the MW reports
and the possible launch of a special
subpage dedicated to the ECMI student
competition (both work in progress).
Danijela Rajter-Ćirić
Chair of the Educational Committee
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Machine LearningWeek 2025 inUkraine: Advancingeducation amidstchallenges
Despite the ongoing war, Oleg Chertov and his teams at the National
Technical University of Ukraine, Kyiv, are committed to maintaining a
high-quality educational process while also organizing offline events in
relatively safe areas of western Ukraine. One such significant event was
Machine Learning Week 2025 (ML Week 2025), which took place from
January 27 to 31 in Slavske, Lviv region.

A Collaborative Effort Across LeadingUniversities
ML Week 2025 was a joint initiative involving
four major Ukrainian technical universities:

o National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”
(Department of Applied Mathematics)

o Lviv Polytechnic National University
(Department of Artificial Intelligence
Systems)

o National Technical University “Kharkiv
Polytechnic Institute” (Departments of
Computer Modeling and Data Analysis,
Systems Analysis and Information-
Analytical Technologies, and
Cybersecurity)

o Odesa Polytechnic National University
(Department of Artificial Intelligence and
Data Analysis)

A total of 63 students participated, forming
21 teams, each consisting of three students
from different universities. This structure
encouraged interdisciplinary collaboration
and knowledge exchange among
participants.
Industry-Backed Projects in AI andData Science
The event was supported by IT companies
and public organizations, including AI
House, Aurora, EPAM, Simulmedia, It-Jim,
and NIX, who provided eight real-world
projects primarily focusing on data science
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and computer vision. These projects
required expertise in natural language
processing (NLP) in both English and
Ukrainian, as well as large-scale data
handling techniques.
Students were assigned projects through a
random draw, a selection method they
agreed upon collectively. Over four
intensive days, teams worked under the
mentorship of industry professionals who
provided guidance and daily consultations.
Notably, Maksym Shchoholiev from the
Department of Applied Mathematics at Igor
Sikorsky Kyiv Polytechnic Institute served as
the project curator for Simulmedia,
supporting students throughout their
research and implementation process.

Fig. 1: Oleg Chertov and the participants at the ML WEEK
2025.

Final Presentations and Recognition
On the final day the teams presented their
projects, showcasing their findings and
solutions. The diversity of topics and
innovative approaches demonstrated the
participants’ ability to apply machine
learning techniques to practical challenges.
The winners were selected based on their
project outcomes, and all participants
received incentive gifts sponsored by
Aurora, AI House, and BrainStack.

Academic Contribution: ConformalLearning Seminar
ML Week 2025 also featured an enriching
academic session: a one-and-a-half-hour
seminar on “Conformal Learning –
Prediction with Accuracy Guarantees”. The
seminar was conducted by Margarita
Volodymyrivna Aleksandrova, a former
graduate of the Department of Applied
Mathematics at Igor Sikorsky Kyiv
Polytechnic Institute and currently a
researcher at Amazon Luxembourg. Several
teams successfully integrated concepts
from conformal learning into their projects,
further enhancing their analytical and
predictive capabilities.
ML Week 2025 exemplifies the resilience
and dedication of the Ukrainian academic
and technological community in advancing
education despite ongoing challenges. By
fostering collaboration between universities
and industry, the event provided students
with hands-on experience in machine
learning, preparing them for future careers
in AI and data science. This initiative stands
as a testament to the power of education
and innovation in times of adversity.
For more details, visit: https:
//pma.fpm.kpi.ua/en/news/ml-week-2025.

Oleg Chertov¹, Matthias Ehrhardt²
¹ National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine
² Bergische Universität Wuppertal, Germany
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Introduction
Special Interest Groups (SIGs) exist to promote collaborative research on specific topics in
Mathematics for Industry within Europe. A particular aim is to enable researchers from both
academia and industry with similar interests to get together and submit proposals for funding
to the European Union or to other funding bodies. ECMI can act as a catalyst in the formation
of such a group by offering advice about the expertise available within Europe, by posting
information on the web pages, and by circulating information about events to all members.
Computational Finance and Energy Markets
Chairs: Matthias Ehrhardt (University of Wuppertal, Germany), Jan ter Maten (University of
Wuppertal, Germany).
Scope: The objective of this SIG is to gather specialists from all over Europe to tackle the actual
problems of the modelling and the numerical analysis of various problems in computational
finance. We aim to create a network of experts in the field to make communication easier, and
to enable industrial or governmental organizations to find the right expert for their needs. The
network is truly multidisciplinary, combining the power of mathematics, scientific computing,
and quantitative finance, for modelling, calibration and simulation.
Implantable devices and drug delivery systems
Chairs: Sean McGinty (University of Glasgow, UK), Tuoi Vo (U. Limerick, Ireland).
Scope: Arterial stents have revolutionised the treatment of coronary heart disease (CHD).
Acting as a supporting scaffold, these small mesh devices are now routinely inserted into
arteries where the blood flow has become dangerously restricted. Over the past decade,
arterial stents have evolved from bare metal scaffolds to polymer coated drug-delivery vehicles
and, more recently, sophisticated fully biodegradable drug delivery configurations. Despite
these advances, significant opportunities to improve on arterial stent design remain and
considerable research budgets are currently dedicated towards this challenge. In particular,
research is focussed on the development of stents which accelerate the healing process to
minimise thrombosis risk and which can be used in previously unserved patient groups and
lesion types.
The relative success of coronary artery stenting has led to the emergence of stenting
technology for the carotid, neural and peripheral vasculature. In addition, the adaptability of
the stent concept has opened horizons beyond the vasculature, with stent technology now
being developed for, amongst others, pulmonary, gastro-intestinal and structural heart
applications.
The challenging problems in this area require an international and interdisciplinary team of
mathematicians, engineers, life scientists, clinicians and industry. The aims of this SIG are
therefore:

1. To provide a platform to co-ordinate research efforts and help expedite the development of
novel stent designs and technologies

2. To provide a forum for multidisciplinary interaction between academics, clinicians and
industry
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3. To utilize our position of strength to leverage funding from bodies such as the European
Union

Liquid Crystals, Elastomers and Biological Applications
Chairs: Apala Majumdar (University of Strathclyde, UK), Nigel.Mottram (University of Glasgow,
UK).
Scope: This SIG focusses on the mathematical theories and modelling of liquid crystals or more
generally, partially ordered materials and soft matter systems, with emphasis on new
materials, new technologies and biomathematics e.g. active liquid crystals, cellular biology etc.
Liquid crystals are classical examples of partially ordered materials with physical properties
intermediate between those of conventional solids and liquids. They exhibit unique
electromagnetic and optical responses, with a wealth of physical phenomena and new
technological applications. Of fundamental theoretical interest is the underlying physics and
the self-organizing mechanisms present in such partially ordered materials and there is
typically a common mathematical structure that can be exploited for theoretical advances in
liquid crystals and related materials. The key aims of this SIG are (i) advances in basic theory
for partially ordered materials, (ii) minimalistic models for biological systems with partial order
or liquid crystalline characteristics and (iii) development of new links between academia and
industry.
Math for the Digital Factory
Chairs: Dietmar Hömberg (Weierstrass Institute for Applied Analysis and Stochastics,
Germany), Joachim Linn (Fraunhofer Institute for Industrial Mathematics, Germany).
Scope: The term Digital Factory represents the shift in industrial manufacturing towards the
integration of all processes in the industrial value chain, sometimes also referred to as the 4th
industrial revolution - Industry 4.0 (in Europe) or Smart Manufacturing (in the United States).
The SIG’s main goals are:

1. Reconfigurable, adaptive and evolving factories capable of small scale production
2. High performance production, combining flexibility, productivity, precision and zero defects
3. Energy and resource efficiency in manufacturing

None of these goals can be achieved without thorough modelling of all aspects of
manufacturing together with a multi-scale simulation and optimization of process chains, i.e.,
these goals cannot be achieved without mathematics.
MaDiFa brings together university mathematicians working in modelling, simulation and
optimization related to manufacturing with practitioners from manufacturing industry. The
general scientific goal is to develop a holistic mathematical view on digital manufacturing.
Mathematics for Big Data and AI
Chairs: Natasa Krejic (University of Novi Sad, Serbia), Alessandra Micheletti (University of
Milan, Italy).
Scope: Sometimes data are “big” because of their high dimensionality and space-time
structure, e.g., satellite images, signals registered by sensors or antennas. In such cases
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suitable mathematical techniques for dimensionality reduction are needed, both for data
visualization, and for their numerical treatment. Functional Statistics, that is a field in which a
lot of research is concentrating nowadays, may help in facing this task. In other contexts data
are considered “big” because of their complexity or heterogeneity, e.g., data extracted from
social networks with text mining, mixed with socioeconomic data for marketing purposes; or
data highly interrelated which may be represented by complex graphs, like atoms and bounds
in a protein, or relationships between users of a social network. Sentiment analysis and
Topological Data Analysis are new statistical fields of research, still under development, which
may help to tackle the problem of analysing such data. The aim of this SIG is to collect people
working on the themes described above, coming both from academy, and from “industry” (to
be intended in a wide sense) to favour scientific collaboration and research.
Modelling, Simulation and Optimization in Electrical Engineering (MSOEE)
Chairs: Stefan Kurz (Robert Bosch GmbH, Germany), Sebastian Schöps (TU Darmstadt,
Germany).
Scope: Electrical engineering is an important technology for many recent societal and
industrial developments. It includes the investigation and application of electricity, electronics,
and electromagnetism. For example, smartphones are connected to the internet by using
semiconductors based on nanometer technology for processing data and at the same time
antennas for exchanging data with cell towers which are tens of kilometers away. More
generally, equipment for mobile communication is used to control many other applications,
e.g. in health care, banking, security, autonomous driving or energy distribution. Particularly,
the transition towards sustainable energy requires the improvement of electrical
infrastructure, again, from small scale, e.g. household devices, electric machines, up to power
grids. MSO of electric machines is of key importance for electric vehicle applications. The
importance of the underlying technologies is also recognized by the European Union in various
European Technology Platforms, e.g. Electronic Components and Systems for European
Leadership or Smart Networks for Energy Transition.
Mathematical challenges in electrical engineering are often driven by industrial needs and are
related to classical and new emerging topics of applied mathematics and scientific computing,
i.e., modeling, simulation, optimization, uncertainty quantification, stochastics and data
analysis. Thus, questions of existence and uniqueness related to new semiconductor models
are as much relevant for this interest group as the development of new and efficient
simulation techniques for electrical machinery. Recent examples of European and domestic
research efforts in that field are ASIVA14, nanoCOPS and PASIROM.
Shape and Size in Medicine, Biotechnology and Materials Science
Chairs: Jesus Angulo (Mines ParisTech, France), Luis L. Bonilla (Universidad Carlos III de Madrid,
Spain).
Scope: Shape analysis deals with the geometrical information on objects that is left after
location, scale and rotation effects are removed. If scale effects are not removed, then we are
led to form (size and shape). In applications, bodies rarely have exactly the same shape within
measurement error; hence randomness of shapes needs to be taken into account. Thanks to
the development of information technologies, the last decade has seen a considerable growth
of interest in the statistical theory of shape and its application to many and diverse scientific
areas. Often the diagnosis of a pathology, or the description of a biological process mainly
depend on the shapes present in images of cells, organs, biological systems, etc., and
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mathematical models which relate the main features of these shapes with the correct outcome
of the diagnosis, or with the main kinetic parameters of a biological system are still not present.
In materials science optimisation for quality control require methods of statistical shape
analysis. From the mathematical point of view, shape analysis uses a variety of mathematical
tools from differential geometry, geometric measure theory, stochastic geometry, etc.
Quite recently, instruments from algebraic topology have been introduced for shape
description, giving rise to a new field of research called Topological Data Analysis. As far as
applications are concerned, the members of the SIG emphasize here topics which are relevant
in medicine, biotechnology and material sciences. We deal with direct and inverse problems.
Among direct problems, spatio-temporal pattern formation deals with the analysis of how
patterns are created and developed in biology, medicine and materials science. Modeling,
numerical simulation and analyses of the corresponding systems are tasks of paramount
importance for direct problems. Among inverse problems, we study various statistical
techniques of shape analysis to measure in a quantitative way the random variability of
objects; recent methods of image analysis include optical imaging of objects in turbid media,
which can be used as a non-invasive technique for the detection of tumors in the body.
Sustainable Energies
Chairs: Nella Rotundo (U. Firenze, Italy), Ferran Brosa Planella (U. Warwick, UK), Dirk Peschka
(Weierstrass Institute, Germany), Timothy G. Myers (Centre de Recerca Matemàtica, Spain).
Scope: The transition to a sustainable future is one of the most important goals of society, as
clearly identified by the UN Sustainable Development Goals (SDGs). This process is currently
influencing scientific, industrial and political developments to a great extent. In particular, the
development of sustainable energies and materials are two areas with a very high impact on
industry and which can contribute to several SDGs.
The goal of this SIG is to continuously improve the processes involved in the energy and
material industry, to reduce their cost and their environmental impact. For energy, for example,
this involves replacing limited or polluting energy sources with renewable and environmentally
friendly ones, improving the efficiency of the distribution networks and keeping in mind the
stability of the energy supply. For materials, this involves reducing the use of energy and scarce
raw materials in the production processes, and improving the recycling processes.
Our aim is to transfer fundamental mathematical methods for Modelling, Simulation,
Optimization (MSO) to the fields of energy generation, transport and storage, material
extraction, production and recycling. At present the focus of the SIG are MSO of:

o solar panels, wind turbines and beyond,

o model hierarchies for energy networks,

o batteries,

o carbon capture and contaminant removal,

but we are open to new topics and mathematical aspects.
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Multiphysicalsimulation of amagnetocaloricrefrigeration system
Magnetic refrigeration is a promising alternative to conventional
gas-vapor-compression for refrigeration at room temperature. Unlike
standard refrigerators, which rely on gaseous refrigerants and
mechanical compressors, magnetic refrigerators use solid
magnetocaloric materials (MCMs) as the working medium and moving
magnets to generate the forcing. This not only eliminates direct
greenhouse gas emissions through refrigerant leakage but also has the
potential for higher energy efficiency.

In a collaborative project with the startup
Magnotherm, TU Darmstadt is working on
the coupled simulation of the key
components of such a device: the active
magnetic regenerator (AMR) and the
permanent magnet assembly. This work is
part of the Optimag project, which aims to
enable system-level optimization through
improved modeling of the magnetothermal
interactions.
Refrigeration based on themagnetocaloric effect
Magnetic refrigeration is based on
magnetocaloric effect – a temperature
change exhibited by certain ferromagnetic
materials when subjected to a change in
their magnetization, which is due to a
dependence of the entropy on the magnetic
field. As an example, when magnetized

adiabatically from zero field to µ0H = 1

Tesla, Gadolinium, a commonly used MCM,
heats up by up to three degrees Kelvin,
depending on its initial temperature.
By cycling the magnetic field in a controlled
way, the magnetocaloric effect can be
harnessed in a refrigeration cycle, see Fig. 1:
Starting from the demagnetized state on the
bottom right, which is at ambient
temperature, the MCM is magnetized
adiabatically. It heats up, which allows it
reject heat to the ambient. This is done in
an isofield process – so maintaining the high
magnetic field – and continued until the
material is again at ambient temperature.
Upon demagnetization, it cools below the
ambient temperature allowing it to absorb
heat from the cooled volume. The
corresponding isofield process completes
the cycle.
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In sum, heat is extracted from the “cold”
volume – which constitutes the cooling –
and rejected to the “hot” volume. Note, that
in the above schematic, they are actually
both at the same temperature. It is also
possible to sustain a nonzero temperature
difference with this cycle, however this value
is limited by the adiabatic temperature
change of the material.
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1Fig. 1: Brayton-type refrigeration cycle in a
temperature-entropy diagram.

The refrigeration assembly

The technical realization of a magnetic
refrigeration system involves two main
components:

1. A moving permanent magnet assembly,
which generates the time-varying
magnetic field.

2. One or more Active Magnetic
Regenerators (AMRs), the thermally
active elements which contain the MCM.

Our magnet assembly resembles an
electrical machine (see Fig. 2) except that
both the inner and the outer part rotate,
sweeping the magnets over fixed AMRs
positioned in the “air gap”. Each AMR is an
elongated, porous matrix of MCM beads,
through which a heat transfer fluid is
pumped periodically in the axial direction.

Fig. 2: Cross/section of an example refrigeration assembly.
Green: magnets, arrows: magnetization direction. Red:
AMRs. Grey: iron. Blue: air.

The AMR essentially acts like a cascade of
multiple thermodynamic cycles, similar to
the one described above. The aim is to
increase the temperature difference which
the machine can sustain between the hot
side heat exchanger and the cold volume
(temperature span). In the basic
refrigeration cycle described above, this
value is limited by the adiabatic
temperature change of the material, which
is too low for practical applications. Through
the use of an AMR, the temperature span is
increased to a multiple of the adiabatic
temperature change.
During the AMR operation cycle, the
magnets approach and magnetize the AMR,
so that the temperature of the MCM and in
consequence also the temperature of the
heat transfer fluid increase. A "hot blow"
phase follows, in which the fluid is pumped
towards the hot side heat sink. A fraction of
the fluid leaves the AMR. After this, the
magnets are moved away
(demagnetization), and the "cold blow"
follows, pumping the cold heat transfer fluid
into the cold side heat exchanger, where it
can absorb heat from the cooled volume.
Over many cycles, a temperature gradient is
established along the AMR, which enables
the cascading.
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Simulations of the AMR
To understand and optimize the system’s
performance, accurate simulation of the
AMR is necessary. The temperature
evolution of both the heat transfer fluid and
the solid matrix is modeled using a coupled
system of transient convection-diffusion
equations, reduced to 1D along the AMR.
The magnetocaloric effect is modeled by a
special heat source term and the field
dependency of the solid heat capacity.
Semi-discretization in space is used to
transform this partial differential equation
into a system of ordinary differential
equations (ODEs), which is then solved to
find the cyclic steady-state behavior of the
AMR. For this, the shooting method is used:
the ODE system with time-periodic
boundary conditions is interpreted as a
root-finding problem, to which a Newton
method is applied. From the steady-state
solution, performance metrics like the
cooling power can be extracted.
Simulation of the magnet assembly
Since rotation speeds are low, the
permanent magnet assembly can be
described by the magnetostatic
simplification of Maxwell’s equations. To
solve this numerically a finite element code
developed at TU Darmstadt is used. This
tool employs isogeometric analysis (IGA), in
which the geometry is described using
non-uniform rational B-splines. This allows
accurate representation of conic sections,
i.e. the circular geometry. Additionally, it
enables freeform shape optimization, which
the code can perform automatically.
Harmonic mortaring is used to speed up the
simulation of the rotation, which is modeled
by a series of magnetostatic simulations
with rotated geometries.
Towards coupled optimization
Recently, Wiesheu et al. [1] demonstrated
that topology and shape optimization of the

permanent magnet assembly can
significantly improve the design. In this
paper, the magnet assembly is optimized
with respect to a presumed “ideal” magnetic
field profile. However, this is actually only a
heuristic substitute for the true objective,
which is the resulting AMR performance (e.g.
in terms of cooling power). For an improved
optimization, the magnet assembly should
be simulated in conjunction with the AMR
and optimized against overall machine
performance. Correspondingly, a coupled
optimization has been set up, where the
field profile, computed by the magnetic
simulation, is evaluated by passing it as an
input to the AMR simulation. The resulting
cooling power is then passed to the
optimizer as the objective value. Preliminary
experiments have demonstrated the
functionality of this setup in principle, while
further results are pending.
Conclusions and outlook

In the project, a coupled simulation
workflow for a magnetocaloric refrigeration
assembly has been developed and
integrated into an optimization loop. In this
way, the optimization of the permanent
magnet assembly can be informed by the
actual machine performance instead of by a
heuristic objective. It is believed, that this
will lead to better overall optimization
results – in particular because situations are
known, in which the currently used heuristic
is clearly unsuitable.
As a next step, the coupling in the inverse
direction is to be considered: MCMs exhibit
a temperature dependent permeability. So
the temperature distribution in the AMR
needs to be taken into account in the
magnetic simulation. While the temperature
differences in time or across the AMR
cross-section are relatively low and might be
negligible, by design there exists a large
temperature gradient in the axial direction.
In the future how this impacts the generated
magnetic field will be investigated.
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People and funding
The team at TU Darmstadt consists of
Sebastian Schöps, Oliver Weeger, Boian
Balouchev, Yusuf Elbadry, Melina Merkel,
Michael Wiesheu. Magnotherm is
represented by Maximilian Fries, Dimitri
Benke and Tim Sittig.
The research is funded by the LOEWE
Project 1450/23-04 via the Hessian Ministry
of Science and Art and the Hessen-Agentur.
Sebastian Schöps, Boian Balouchev
Technische Universität Darmstadt, Germany
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European StudyGroups withIndustry
Along with Education and
Research, ESGIs are one of the
three pillars of ECMI. Study
Groups are an internationally
recognised method of technology
transfer between mathematicians
and industry and have led to a
multitude of research projects
and novel areas of research.

Initiated in Oxford in 1968 they were
originally termed the Oxford Study Groups
with Industry and for 30 years remained a
UK activity. The natural progression to a
European activity, under the aegis of ECMI,
occurred in 1998 when the first meeting was
held outside of the UK, in Lyngby. Perversely
this was denoted the 32nd European Study
Group with Industry (presumably to avoid
the confusion caused by the Oxford Study
Groups moving around UK universities). By
the end of 2024 we had celebrated the
185th meeting. The format has proved so
popular that similar meetings are now held
around the world.
By 2014 there was an average of 9 to 10
ESGIs per year, this rate slowed down
during the COVID period, with a low of 3
meetings in 2020. This has rapidly
improved, with 9 in 2023 and 6 in 2024 (held
in Spain, Belgium, Portugal, UK, Lithuania
and The Netherlands).

ECMI members have also actively
participated in international study groups.
Annual Meetings are held in Canada
(Industrial Problem Solving Workshop),
Australia (Mathematics in Industry Study
Group), South Africa (also MISG) and the US
(Mathematical Problems in Industry
Workshop). Most of these are announced
on our International Study Groups page on
the ECMI website (if I have missed any,
please contact me and I can add a link to the
website).
The list of upcoming and past ESGIs may be
found on the ECMI Blog at
https://ecmiindmath.org/european-study-
groups-with-industry/
International meetings are listed at
https://ecmiindmath.org/international-
study-groups-with-industry/
A key resource is the Maths in Industry
Repository (MiIR) - a website with reports
from study groups throughout the world. It
is sponsored by ECMI and hosted by
Cambridge University Press,
www.cambridge.org/engage/miir
For any advice, the ESGI Co-ordinator (and
overworked Annual Report editor) is
occasionally willing to help: Prof. Tim Myers.
Timothy G. Myers
Centre de Recerca Matemàtica, Spain
coordinator_esgi@ecmi-indmath.org.
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Life-Time Valueprediction of acohort of Lookiero’scustomers
In recent years Spain has been highly active in the organisation of study
groups, with meetings being held in Barcelona, Galicia, Santiago de
Compostela and Bilbao. The following report concerns the latest meeting
in the Basque Centre for Applied Mathematics (BCAM). Four problems
were investigated, concerning the growth of new companies,
optimisation of renewable energy systems and robotic metal cutting
systems and the subject of this report on the Life-Time Value of
Customers.

Introduction
Lookiero is an online fashion retailer, whose
business proposition is providing a personal
shopper to their customers. Lookiero’s main
business channel is the Lookiero box, a
subscription service in which Lookiero
sends a 5 garment box to the customer,
with items selected by a personal shopper
to suit the customer based on style, needs
and body measurements.
Objectives and Scope of theChallenge
The goal of this challenge is to predict the
the 5 year Life-Time Value (LTV) of a cohort
of Lookiero’s customers. LTV is a predictor
for the money the customer will expend in
the company over the entire relationship
period between the company and the
customer. It is a time dependent metric, and

can be represented as a time series.
We will be working with cohorts of
customers, grouped by the date
(year-month) they first ordered. Other
cohorts: age group, market, ect. can also be
considered.
Datasets Description

o boxes_data: Contains information
regarding the main subscription service
orders (lookiero box), including amount
spent on each order and which customer
spent the money on it. It has a customer
id as it’s primary key. This table contains
13 columns and 5184 entries for the
orders from 02/2020 to 03/2025.

o customer_data: Contains data for all
customers in who signed in on the same
month and year to Lookiero. This
includes demographics, size, preferences
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and other static variables. It has order id
as primary key and customer id as a
secondary key. This table contains 27
columns and 1914 entries for the
02/2020 customers.

o looking_data: This file contains
information regarding on-demand
e-commerce purchases done by
customers, outside the Lookiero box
subscription services. It has order id as
primary key and customer id as a
secondary key. This table contains 7
columns and 34 entries for the orders
from 02/2020 to 03/2025.

Scientific Summary
nitially, we decided to just focus on the box
data, as the looking data contained very few
entries. We joined both the box and
customer data tables into a single table:
creating, for every month from 02/2020 to
03/2025, a column with total money spent
by the custom in the company since they
first register up to that particular month.
Hence this new columns represented the
life-time value for each customer for every
month of the five year period. With this new
dataset, we could proceed solve the
problem. We will denote this dataset by
D = {Xstatic, LTV }, where Xstatic correspondsthe existing columns from the original
customer_data table, and LTV denotes the
new columns containing the LTV
accumulated up to each month. We also
denote by LTVn the first n columns of LTV .
An initial approach using XGBoost
Our first approach to the problem was to
consider a simple supervised learning
model for each customer, and then
averaging the LTV predictions across all
members of the cohort to produce a cohort
level prediction. The choice of classifier was
motivated by the need to use a simple, but
well performing method such as XGBoost as
classifier and focus on solving the rest of the
problem: Data processing, error metrics and
problem modelling.

For this problem, we consider the set of
labels X = (Xstatic, LTV0). While this contains
the case n = 0, according to Lookiero’s
experience, having data from at least a few
purchases is necessary to make accurate
predictions.
Data Processing
In order to prepare the data for the
classifiers we processed it by:

o Leave missing values as they are, since
XGboost is designed to work with
missing values (represented as np.nan
for the Python implementation).

o Categorical data one-hot enconded,
adding new binary columns representing
that data

o A few columns that had no relevant data
are deleted: date of birth (as it was
redacted), as well as ids, registration
dates (only differ on the day).

o New variables are added. These are
statistical variables summarizing the data
from the first nmonths of LVT data. The
goal is to aid the classifier in using that
valuable information. They include:
average value, max value, slope of the
regression and standard deviation.

Experimental Data
The following results are the result of
training the XGBoost model on the
previously described Datasets
(corresponding to different values of n). The
result come from using 10-fold
cross-validation.
Table 1 presents the data for models
including data from n = 0, 1 and 6.
In Figure 1 we can see how both RSME and
MAE decrease as we include more
information in the predictor variables. We
can also see in Figure 2 how the models fit
the data, showing the predicted LTV, with
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the 6-month model fitting it better than the
1-month model.

Fig. 1: Evolution of the RMSE and MAE as more customer
expense data is used as predictor data. Cohort 2020.

Comprehensive approach usingmultiple year cohorts
At a later date in the challenge, more data
was made available to us. Including 5 new
triplets of tables. Each triplet corresponds to
the year the customer of the cohort signed
in 2021, 2022, 2023, 2024, 2025, and follows
it’s structure as previously described, with
box_data, customer_data and looking_data

tables corresponding to the new years,
adding up to a total of 6 triples of tables
including the original 2020 cohort. Since
orders only go up to march 2025, this new
cohorts have less purchase data available,
the only cohort with 5 years of purchase
data is the one who registered in 2020. This
presents a challenge in how to use this data
to improve the model.

Table 1: Model comparison.

Fig. 2: Monthly Life-Time value for 1 and 6 month models compared to real data. Cohort 2020.
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As stated, the objective is to predict 5-year
LTV, which poses a challenge for supervised
machine learning, as it involves leveraging
partially observed data that is still highly
informative. To address this, we propose a
multi-model approach that makes use of all
available cohorts. Figure 3 illustrates how
we incorporate data from multiple cohorts
by training a separate model for each year.
All cohorts contain data for the year 2020,
so the first model,m1, is an XGBoost model
trained on all five cohorts to predict LTV for
the first 12 months. Modelm2 predicts LTVfor the second year (2021) and is trained
using data from the four cohorts that
include that year, and so on. The final model
is composed asm = (m1,m2,m3,m4,m5),and it outputs the full 60 month LTV
prediction by combining the predictions
from all five yearly models. This strategy

allows us to fully exploit the data at our
disposal, even when full 5-year labels are
not available for the most recent cohorts.
Each model uses all available LTV values
from previous months—alongside static
features and other predictors to forecast
the next 12 month LTV window. Formally,
the input features and label for each model
are defined as:

X = (Xstatic, LTVN ) ,

Y = LTVN+1,12 or LTV(N−1)·12+1,N ·12 ,

where Xstatic includes cohort-invariantattributes and LTV1:N are the cumulative
LTV values up to the N -th month. This
formulation ensures each model focuses on
predicting a specific future window based
on all information available up to that point.

Fig. 3: Value for 1 and 6 month models compared to real data (non- cumulative). Cohort 2020
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Table 2: Muli-cohort model idea.

Table 3: Testing methodology: leave one out.

Testing Methodology: Leave OneCohort Out

The testing strategy follows a
leave-one-cohort-out methodology, where
each modelmN is trained using all but the
most recent cohort available for that year.
As illustrated in Table 3, the training data
(blue cells) consists of historical cohorts,
while the test data (green cells) is the most
recent cohort that has not been seen during
training. This setup ensures that each
model is evaluated on genuinely unseen
data, providing a realistic assessment of its
generalization performance. For example,
modelm1 is trained using the 2020–2023cohorts and tested on 2024, providing a
conservative benchmark for how the model
might perform in a live setting. For the final

model,m5, corresponding to the fifth yearof prediction, no future cohort is available.
Hence, we apply cross-validation (red cell) to
estimate performance. This evaluation
strategy is reflected in the results presented
in Table 5.
Experimental Results

The results presented in Table 5 summarize
the model’s performance across different
time horizons. The model performs best on
shorter-term predictions (e.g., Year 1),
achieving a high R2 of 0.92 and relatively
low MAE and RMSE values. As the prediction
horizon extends, performance gradually
deteriorates. This is expected, as the target
variable LTV is cumulative over time, making
long term predictions inherently more
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difficult and increasing both RMSE and
variance in the outcome. Despite this, the
model still captures a significant portion of
the variance for the 60-month prediction
window (R2 = 0.58), which is promising
given the complexity of the task.
Additionally, the results indicate that the
current model outperforms earlier
approaches, especially in terms of predictive
accuracy for earlier years, where more data
is available for training.

Table 4: Cohort result comparison.

Table 5: Model comparison by cohort.

Conclusion and future work
This work addresses a challenging
prediction problem where model
performance strongly depends on historical
data, and how many points of the time
series are included as predictor variables.
The results show that short-term
predictions are more accurate, highlighting
the importance of recency in model inputs.
Interestingly, the choice of machine learning
algorithm did not significantly affect
performance, suggesting that data quality
and structure may play a more critical role
than model complexity.
Future directions include refining the cohort
definition by incorporating attributes such
as age and price sensitivity, allowing for
more granular and targeted modeling.
Additionally, integrating statistical models
based on probability distributions—such as
exponential or Weibull distributions—may
improve our ability to model lifetime value
more accurately and capture uncertainty in
long-term predictions.
Jorge Angulo, Unax Barrainkua, Leo Vattoly
Basque Center for Applied Mathematics,
Bilbao, Spain
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10AboutECMI
Mission
Mathematics, as the universal language of the sciences, plays a decisive role in technology,
economics and the life sciences. European industry is increasingly dependent on mathematical
expertise in both research and development to maintain its position as a world leader for high
technology and to comply with the EU 2020 agenda for smart, sustainable and inclusive growth.
The European Consortium for Mathematics in Industry (ECMI) is a group of academic
institutions, industrial companies and private researchers that act co-operatively to meet these
needs. Specific ECMI initiatives aimed at ensuring mathematics contributes to the
advancement of science and technology include:

o ECMI advocates the use of mathematical modelling, simulation, and optimization in
industry;

o ECMI stimulates the education of young scientists and engineers to meet the growing
demands of industry;

o ECMI promotes European collaboration, interaction and exchange within academia and
industry.

The simplest way to keep up to date about ECMI activities, news, prizes, publications, jobs and
studentships is to visit the ECMI Blog at https://ecmiindmath.org/
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Executive board

o Alessandra MichelettiPresidentUniversity of Milan, ItalyContact: president@ecmi-indmath.org
o Elena CelledoniVice-PresidentNTNU Trondheim, NorwayContact: vicepresident@ecmi-indmath.org

o Cláudia NunesExecutive Director and SecretaryUniversity of Lisbon, PortugalContacts: director@ecmi-indmath.org,secretary@ecmi-indmath.org

o Thomas GötzTreasurerUniversity of Koblenz, GermanyContact: treasurer@ecmi-indmath.org

o Danijela Rajter-CirićChair Educational CommitteeUniversity of Novi Sad, SerbiaContact: chair_ec@ecmi-indmath.org

o Nataša KrejićChair Research and Innovation CommitteeUniversity of Novi Sad, Serbia

o Adérito AraújoECMI Representative in EU-MATHS-IN board andEditor in chief of the ECMI Journal of Mathematicsin IndustryUniversity of Coimbra, Portugal

o Timothy G. MyersESGI Coordinator, Editor Annual ReportCentre de Recerca Matemàtica, SpainContact: coordinator_esgi@ecmi-indmath.org

ECMI Board. From left to right: Danijela Rajter-Ćirić, Adérito Araújo, Cláudia Nunes, Elena Celledoni, Tim Myers, Thomas Götz,
Alessandra Micheletti, Nataša Krejić. Barcelona 2024.
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Countries participating in ECMI

Created with http://mapchart.net.
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11InstitutionalMembers
(June 2025)
University
Austria
Institut für Industriemathematik
Johannes Kepler Universität
Contact person: Ronny Ramlau

TU Wien
Institute for Analysis and Scientific
Computing
Contact person: Dirk Praetorius

Computational Science Center
über Finanzwesen und Controlling
Contact person: Otmar Scherzer

Belgium
Department of Mathematics
KU Leuven
Contact person: Head of department

Bulgaria
Faculty of Mathematics and Informatics
Sofia University, St. Kliment Ohridski
Contact person: Mikhail Krastanov
Institute of Mathematics and Informatics
Bulgarian Academy of Sciences
Contact person: Krasimira Ivanova
Faculty of Mathematics, Informatics and
Information Technology
Contact person: Anton Iliev
Faculty of Applied Mathematics and
Informatics
Technical University of Sofia
Contact person: Georgi Venkov
Croatia
University of Osijek
School of applied mathematics and
informatics
Contact person: Domagoj Matijevic
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Cyprus
The Cyprus Institute
Contact person: Katsamba Panayiota
Czech Republic
Necas Center for Mathematical Modeling
Faculty of Mathematics and Physics
Contact person: Vit Prusa
Denmark
Dept. of Applied Mathematics and
Computer Science
Technical University of Denmark
Contact person: Mads Peter Sørensen
Department of Mathematics
Contact person: Jacob Schach Moeller
Department of Mathematical Sciences
Aalborg University
Contact person: Arne Jensen
Estonia
Department of Cybernetics
Tallinn University of Technology
Contact person: Jaan Janno
Finland
Department of Mathematics and
Statistics
University of Helsinki
Contact person: Matti Lassas
Department of Computational
Engineering
Lappeenranta University of Technology
Contact person: Lassi Roininen
Dept. of Mathematical Information
Techn.
University of Jyväskylä
Contact person: Lauri Kettunen
Faculty of Information Technology and
Communication Sciences (ITC)
Tampere University Foundation sr
Contact person: Simo Ali-Löytty
Department of Mathematics and
Systems Analysis
Aalto University
Contact person: Nuutti HYvönen

France
Head of the Department of Mathematical
Engineering
Department De Génie Mathématique
Contact person: Jean-Guy Caputo

École des Mathématiques Appliquées,
UFR IM2AG
Universitè Grenoble Alpes
Contact person: Christophe Picard

CMM-Centre de Morphologie
Mathèmatique
Mathématiques et Systèmes, MINES
Paristech
Contact person: Jesús Angulo

AMIES
CNRS AMIES - UMS 3458
Contact person: Véronique
Maume-Deschamps
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Germany
Aerodynamic Institute
RWTH Aachen
Contact person: Michael Klaas
AG Technomathematik
RPTU Kaiserslautern
Contact person: Axel Klar
Department of Mathematics
University of Trier
Institut für Mathematik II
Freie Universität Berlin
Contact person: Ralf Kornhuber
Department of Mathematics
Technische Universität Dresden
Contact person: Stefan Siegmund
Fakultät für Mathematik
Technische Universität Chemnitz
Contact person: Kerstin Seidel
Forschungsverbund Berlin e. V.
WIAS
Contact person: Michael Hintermüller
Angewandte Mathematik und
Numerische Analysis
Fakultät 4 - Mathematik und
Naturwissenschaften
Contact person: Michael Günther
Institut für Mathematik
Fakultät II - Mathematik und
Naturwissenschaften
Contact person: Dietmar Hömberg
Fraunhofer Institut Techno- und
Wirtschaftsmathematik
ITWM
Contact person: Anita Schöbel
Technische Universität Berlin
Exzellenzcluster MATH+
Contact person: Theo A. Roelofs
Mathematical Institute
University of Koblenz
Contact person: Thomas Götz
Technische Universität Darmstadt
Contact person: Sebastian Schöps

Hungary
SZTAKI
Institute for Computer Science and
Control
Contact person: László Gerencsér
Bolyai Institute
University of Szeged
Contact person: Gergely Röst
Ireland
Department of Mathematics and
Statistics
University of Limerick
Contact person: Stephen O’Brien
School of Mathematics, Statistics,
Applied Mathematics
National University of Ireland, Galway
Contact person: Martin Meere
School of Mathematics and Statistics
University College Dublin
Contact person: Miguel D. Bustamante
Israel
Department of Mathematics
ORT Braude College
Contact person: Aviv Gibali
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Italy
Università di Firenze
Contact person: Head of Department
Dipartimento di Matematica
Università degli Studi di Milano
Contact person: Paola Causin
Instituto per le Applicazioni del Calcolo
Mauro Picone (IAC-CNR)
Contact person: Roberto Natalini
Dipartimento di Matematica e
Informatica
Università di Catania
Contact person: Vittorio Romano
Dipartimento di Informatica
Università di Verona
Contact person: Giandomenico Orlandi
MOX, Department of Mathematics
Politecnico di Milano
Contact person: Luca Formaggia
Universita di Ferrara
Dipartimento Matematica e Informatica
Contact person: Massimiliano Mella
Lithuania
Faculty of Mathematics and Natural
Sciences
Kaunas University of Technology
Contact person: Brone Narkeviviene
Norway
Department of Mathematical Sciences
Norwegian University of Science and
Technology
Contact person: Elena Celledoni
SINTEF AS
Mathematics and Cybernetics
Contact person: Kjetil Andre Johannessen

Poland
Inst. of Applied Mathematics and
Mechanics
University of Warsaw
Contact person: Piotr Krzyzanowski
Faculty of Pure and Applied Mathematics
Wroclaw University of Science and
Technology
Contact person: Krzysztof Burnecki
Portugal
Centre for Mathematics (CMUC)
University of Coimbra
Contact person: Adérito Araújo
Mathematics Department
Universidade de Lisboa (IST)
Contact person: Cláudia Nunes Philippart
Centro de Matemàtica da Universidade
do Porto
Universidade do Porto - Faculdade de
Ciências
Contact person: Jorge Freitas
Research Center in Digitalization and
Intelligent Robotics
Escola Superior de Tecnologia e Gestao
Contact person: Ana I. Pereira
Polytecnic of Leiria
Centre for Rapid and Sustainable Product
Development
Contact person: Paula Pascoal-Faria
Instituto Superior Engenharia Porto
LEMA-Laboratorio Engenharia
Matematica
Contact person: Manuel Cruz
Instituto Superior Engenharia de Lisboa
Mathematics Department
Contact person: Luis Manuel Ferreira da
Silva
Romania
University of Craiova
Department of Applied Mathematics
Contact person: Cristian Vladimirescu
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Saudi Arabia
Applied Mathematics and Computational
Science (AMCS)
King Abdullah University of Science and
Technology (KAUST)
Contact person: Ricardo Lima
Serbia
Department of Mathematics and
Informatics
Faculty of Natural Sciences and
Mathematics
Contact person: Natasa Krejic
Slovakia
Dept. Applied Mathematics and Statistics
Comenius University
Contact person: Sevcovic Daniel
Slovenija
Department of Mathematics
Faculty of Mathematics and Physics
Contact person: George Mejak
Spain
Gregorio Millan Institute of Modeling
and Simulation in Fluid Dynamics,
Nanoscience
Contact person: Luis L. Bonilla
Deptartament de Matemàtiques
Universitat Autònoma de Barcelona
Contact person: Susana Serna
Universidade de Santiago de Compostela
Departamento de Matemática Aplicada
Contact person: Patricia Barral Rodiño
Centre de Recerca Matemàtica
Bellaterra Campus, Building C
Contact person: David Romero
Red Española Matemàtica-Industria, Red
math-in.net

(Spanish Network for Mathematics and
Industry)
Contact person: Emilio Carrizosa
Research Group Nonlinear Dynamics
and Stability in Aerospace Engineering
Contact person: Jose Sanchez
Department of Applied Mathematics
Universidad de Valladolid
Contact person: Eduardo Cuests
Basque Center for Applied Mathematics
BCAM
Contact person: Lorea Gomez
Instituto de Matematicas (IMUS)
Edificio Celestino Mutis
Contact person: Director IMUS
Universitat Politecnica de Catalunya
Facultat de Matemàtiques i Estadística
Contact person: Marc Calvo-Schwarzwälder
Sweden
Fraunhofer-Chalmers Research Centre
for Industrial Mathematics
Contact person: Johan Carlson
Mathematical LTH
Centre for Mathematical Sciences
Contact person: Eskil Hansen
Department of Mathematical Sciences
Chalmers University of Technology
Contact person: Bernt Wennberg
Department of Engineering, Mathematics
and Science Education
Mid Sweden University
Contact person: Andreas Lind
Department of Mathematics and
Computer Science
Karlstad University
Contact person: Adrian Muntean
Department of Mathematics
Linnaeus University
Contact person: Wolfgang Bock
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Switzerland
Seminar for Applied Mathematics
ETH Zürich
Contact person: Ralf Hiptmair
Zurich University of Applied Sciences
School of Engineering
Contact person: Dirk Wilhelm
The Netherlands
Dept. of Mathematics and Computing
Science
TU Eindhoven
Contact person: Alessandro di Bucchianico
Mathematical Institute
Utrecht University
Contact person: Oosterlee C.W.
Department DIAM
Faculty of Electrical Engineering,
Mathematics and Computer Science
Contact person: Kees Vuik
Center for Mathematics and Computer
Science (CWI)
Modelling, Analysis and Computing
Contact person: D.T. Crommelin
4TU.AMI
p/a University of Twente
Contact person: Ellen van den Bos
UK
Department of Mathematics
Heriot-Watt University
Contact person: Cathal Cummins
Mathematical Institute
Oxford University
Contact person: Andreas Muench
Mathematical Sciences
University of Southampton
Contact person: Chris Howls

Department of Mathematics and
Statistics
University of Strathclyde
Contact person: Head of Department
School of Mathematics
Cardiff University
Contact person: Kaouri Katerina
University of Birmingham
School of Mathematics
Contact person: David Smith
Mathematics Institute
University of Warwick
Contact person: Ferran Brosa Planella
Ukraine
Faculty of Applied Mathematics
National Technical University of Ukraine
Contact person: Oleg Chertov
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Industry
Austria
MathConsult GmbH
Contact person: Andreas Binder
Germany
d-fine GmbH
Contact person: Elina Grandy
Siemens AG
T SDT MSO-DE
Contact person: Christoph Heinrich
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Private
Australia
Dept. of Econometrics and Business
Statistics
Monash University
Contact person: Athanasios Pantelous
France
Hibrium
Contact person: Henrik Obbekaer
Rasmussen
Germany
NA
Contact person: Timo Penndorf
NA
Contact person: Jürgen Pannek
Faculty of Mathematics and Computer
Science
Heidelberg University
Contact person: Ekaterina A. Kostina
Italy
DiSGG
Faculty of Engineering
Contact person: Stefania Tomasiello
New Zealand
Centre for Mathematics in Industry
Institute of Natural and Mathematical
Sciences
Contact person: Winston Sweatman
Switzerland
Chair of Computational Science
ETH Zürich
Contact person: Petros Koumoutsakos

70 Collaborate and Cooperate Annual Report 2024



Honorary
Finland
Department of Mathematics and Physics
Lappeenranta University of Technology
Contact person: Matti Heiliö
Germany
AG Numerische Mathematik
FB Mathematik
Contact person: Willi Törnig
NA
Contact person: Helmut Neunzert
Institut für Angewandte Mathematik
Universität Heidelberg
Contact person: Willi Jäger
Italy
NA
Contact person: Carlo Cercignani
MOX
Modeling and Scientific Computing
Contact person: Alfio Quarteroni
Lithuania
Numerical Analysis Department
Institute of Mathematics and Informatics
Contact person: Mifodijus Sapagovas
Spain
E.T.S.I. Aeronauticos
Universidad Politecnica de Madrid
Contact person: Amable Liñán
Applied Mathematics Department
University of Santiago de Compostela
Contact person: Alfredo Bermúdez de
Castro

Sweden
Institute Mittag-Leffler
Royal Swedish Academy of Sciences
Contact person: Kjell-Ove Widman
Mathematics LTH
Center for Mathematics Sciences
Contact person: Gunnar Sparr
UK
NA
Contact person: Donald Pack
Smith Insitute
Surrey Technology Centre
Contact person: Bruce Smith
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