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Preface
One of the greatest challenges facing our society today is the increasing
demand for energy and the need to replace our current fossil energy supply. The growing availability of non-fossil energy technologies opens up unprecedented opportunities to redesign the interface between energy and
material value chains for a sustainable future.
The Fuel Science Center (FSC) therefore brings together researchers from
different disciplines to replace today‘s static fossil fuel-based scenario with
adaptive production and propulsion systems based on renewable energies
and carbon resources under dynamic system boundaries.
The aim of FSC‘s work is to integrate renewable electricity with the shared use of bio-based carbon raw materials and CO2 to provide high-density liquid fuels (“bio-hybrid fuels”) that enable innovative engine concepts
for highly efficient and clean combustion.
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Goal of the Research Work
Building on the success of the Cluster of Excellence “Tailor-made Fuels
from Biomass”, the FSC, as a structural unit of the cooperating institutes at RWTH Aachen University, is
now creating a world-leading scientific environment in cooperation with
Forschungszentrum Jülich and the
two Max Planck Institutes involved.
In order to enable highly efficient
and clean combustion, the basic
research of the FSC creates the
basis for the integrated conversion
of renewable electricity with biomass-based raw materials and CO2
into liquid energy sources with high
energy density (“bio-hybrid fuels”).
Knowledge and scientific methods

will be developed to replace the motor combustion of fossil fuels with
adaptive production and propulsion
systems based on renewable energy and alternative carbon sources
under dynamic boundary conditions. In its convergent approach
to bio-hybrid fuels, the FSC creates
the scientific basis for an integrated
design of production processes and
engine technology. Adaptive technological solutions will be sought to
respond to the increasing diversification of energy and raw material
supplies and to change the mobility
sector.

The (electro-)catalytic production
of energy carriers and chemicals
will be taken into account in order
to design flexible and economic
value chains. For the reconversion
of chemically stored energy, emission-minimised, molecularly con-

trolled combustion systems are
investigated. Methodical concepts
will be developed in order to move
from an analytical description to reliable forecasts for the evaluation of
environmental impact, economic efficiency and social relevance.

Scientific Objectives
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Molecularly controlled combustion by
advanced technologies for combustion
and aftertreatment
achieving efficiencies
>50 % and nearto-zero pollutant
emission
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Design

Interdisciplinary
system-level analysis
provides an integrated
framework to assess
and optimize the
dynamic cross-sectorial integration of
the electricity and fuel
sectors
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Scientific Structure
The research activities of FSC
span between two dimensions: the
Competence Areas (CAs) and the
Translational Research Domain.
The Competence Areas represent
the required disciplinary methodologies and theoretical principles.

The Translational Research Domain
addresses application fields according to potential product and market segments by dynamically forming Translational Research Teams
(TRTs).

Translational Research Domain
In order to integrate knowledge
from basic research into the different competence areas and to support the development of specific
new technologies in fuel science,
temporary Translational Research
Teams (TRTs) are established in the
area of the Translational Research

Domain. Due to the translational approach, the TRTs are able to identify
the most promising strategies and
methodologies, but also knowledge gaps, which are then closed by
a flexible definition of additional research tasks.

Competence Areas
The Competence Areas (CAs) are
the scientific backbone of the FSC
comprising the methodological expertise and institutional infrastructure of the involved Principal Inves-
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tigators. The long-term scientific
challenges addressed in the CAs
will be mainly tackled through Ph.D.
and Postdoc Projects.
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Competence Area 1 (CA1)
CA1-1: Chemical Transformation
This Competence Area aims to provide the molecular basis both for
a rational fuel design process to
cope with a diversified and variable energy and resource supply and
for understanding the relevant combustion chemistry to enable clean
and highly efficient combustion in
engines. Its mission is to explore,
control, and master the structural
molecular diversity and the fundamental chemical principles for both
the synthesis and combustion of
bio-hybrid fuels in adaptive processes.
Synthetic pathways will be researched by which CO2 and CO2-derived building blocks are combined
with bio-based intermediates to tailored bio-hybrid fuel structures in an
integrated approach encompassing
homogeneous,
heterogeneous-,
bio- and electro-catalysis. The targeted synthetic methodologies will
provide access to a broad structural
diversity of bio-hybrid fuels accompanied by a flexible co-production
of valuable chemicals according to
the same molecular principles. Rational design criteria for the targeted
chemical structures will consider
structure-performance
correlations with regard to combustion and

emission behavior as derived from
combustion chemistry.

Combustion Chemistry

R

R

Prof. Dr. rer. nat. Regina Palkovits
Institute of Technical and Macromolecular Chemistry
Phone: +49 241 80 26497
E-Mail: palkovits@itmc.rwth-aachen.de
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CA1-2: Molecular Interactions
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A fundamental understanding of
the molecular phenomena governing the transformations occurring
during catalytic synthesis and combustion as discussed in CA1-1 is
indispensable for the knowledgebased development of bio-hybrid
fuels. The interplay of the intrinsic
combustion pathways of novel fuel
structures with advanced engine
technologies needs to be elucidated on a fundamental level. To
overcome the complexity and the
typically long development time
for chemical mechanisms, an integrated rapid model development
process will be established that is
based on design of experiment,
uncertainty quantification, and optimization techniques. For catalytic
transformations, the nature of the
active sites as well as its chemical
surroundings determine the interactions with substrates, products,
solvents, and charge carriers such
as electrons and ions, respectively.
These phenomena have to be understood in their structure and dynamics to meet the demands of a
flexible and hybridized valorization
of bio-hybrid fuels.

Prof. Dr.-Ing. Heinz Pitsch
Institute for Combustion Technology
Phone: +49 241 80 94608
E-Mail: h.pitsch@itv.rwth-aachen.de
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Competence Area 2 (CA2)
CA2-1: Adaptive Multiphase Reactors
In CA2, the fundamental engineering aspects of the production processes are being addressed from
a materials basis, through reaction
engineering concepts, and finally a
systems process engineering perspective. The competences cover
the reaction and process engineeIntegrated Electro-chemical
ring of (bio-)catalytic transformatiReaction and Separation
ons as well as electrochemical devices.
The research domain CA2-1 aims
to develop intensified reaction and
separation devices designed to
In-situ Product Extractant Phase
account for the fluctuating supply
Bio-hybrid fuel
Extraction
of renewable energy and carbon Extractant
Phase
feedstocks. This intensification is
Gas
achieved by modular and compartSolvent +
mentalized reactor architectures.
Substrate
Such complex multi-scale reaction
environments demand to handle
Tubular Nanoporous
multi-phase mixtures and disperCeramic Membrane
sions in a precisely designed reaction environment. Experimental
and model-assisted analyses will
allow to analyze the underlying physico-chemical, interfacial, and fluid
dynamic phenomena and to develop validated simulation methods.
These methods will be used for optimal design and operation of scalable modular units enabling high
yield and selectivity over a range of
time-varying conditions.
Prof. Dr. -Ing. Matthias Wessling
Department of Chemical Engineering
Phone: +49 241 80 95488
E-Mail: matthias.wessling@avt.rwth-aachen.de
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CA2-2: Clean Combustion Systems
Design and optimization of the complex reacting flow fields resulting
from different injections, pre-chamHigh Reactivity Fuel
a)
ber induced three-dimensional jets,
Low Reactivity Fuel
gas exchange, the wide variety of
possible chemical energy carriers,
and the interactions between fuel
Fuel Injection
chemistry and fuel motion and reactive flow with catalytic walls require a detailed characterization of the
multi-dimensional scalar and vector
Molecular Spark
fields (species concentration, temperature, pressure, velocity) within
Fuel Mixing and
the entire engine process. In order
Combustion
to master this complexity, novel
Catalytic Coating
computational and experimental
methods are planned, such as rapid
integrated high-fidelity modeling of
High/Low Reactivity Fuel
injection and mixing inside the enb)
Low Reactivity Fuel
gine combined with novel time-resolved 3D measurements of temperature and velocity in addition to
Pre-chamber
laser-based species concentration
measurements. Highly-resolved siMolecular Torch
mulations of nozzle internal flows
Catalytic Coating
coupled with atomization and spray
development including cavitation
Fuel Injection,
Mixing and
are combined with new microscoCombustion
pic spray characterization methods
providing temperature and velocity
of liquids jets close to the nozzle exit
and volumetric data of the dispersed phase. The close alignment of
experiments and numerical simulations will provide the basis for the
Prof. Dr.-Ing. Stefan Pischinger
machine design using high-fidelity
Institute for Combustion Engines
simulation codes in combination
Phone: +49 241 80 48001
E-Mail: pischinger@vka.rwth-aachen.de with shape optimization for combustion chamber and flow ports.
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Competence Area 3 (CA3)
CA3-1: Fuel Design
The design of sustainable fuels
should consider both fuel production and fuel consumption for propulsion. CA3-1 will therefore develop and apply methods to design
molecular fuel structures and their
mixtures ensuring optimal production and propulsion. Herein, the pioneering work in TMFB for biofuels
is advanced towards an optimization-based workflow for sustainable
fuel design of novel bio-hybrid fuels.
For this purpose, the methodological frontier is pushed by reduced-order models that predict the impact
of molecular structures on novel
electrochemical conversion processes, novel engine concepts and on
ecotoxicity to enable the integrated
design of molecules, processes and
machines. The modelbased strategy in CA3-1 will be itself adaptive by
integrating a hierarchy of models allowing for problem-adapted solutions. The development of the underlying models as well as the validation
of the model-based fuel design will
be integrated with targeted, rapid
and automated experiments. This
systematic development enables
the identification of novel bio-hybrid fuels along with their production
and propulsion systems.
Prof. Dr.-Ing. André Bardow
Chair of Technical Thermodynamics
Phone: +49 241 80 95380
E-Mail: andre.bardow@ltt.rwth-aachen.de

12

CA3-2: Integrated Design Method for Sustaiable Fuel-based Mobility

H2
e-

In CA 3-2, the Integrated Design
Method (IDM) is developed as a
holistic model-based approach addressing cross-sectorial bio-hybrid
value chains based on sustainability evaluation as well as acceptance by society and stakeholders
(politics, investors, customers). The
IDM merges predictive evaluation
methods for the sustainability of
fuels and processes with the prescriptive, optimization-based design of value chains. The resulting
approach overcomes the so far
sector-specific models and exposts
disciplinary evaluation methods that
take stakeholders‘ acceptance as
given. The resulting broad scope of
the IDM will be addressed by using
a common methodology based on
mathematical optimization and multi-criteria assessment. The IDM provides the long-term unifying vision
for the methodological work in CA3.

Novel Fuel Value Chains

Prof. Dr. rer. pol. Grit Walther
Chair of Operations Management
Phone: +49 241 80 23831
E-Mail: walther@om.rwth-aachen.de
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Additional Activities and Public Outreach
FSC Seminar
FSC International Conference
Since 2013, the International Conference has been an integral
part of the activities of the Cluster. The program of the annual International Conference includes lectures from inside and outside
the Cluster of Excellence, a poster session, where young researchers from different scientific disciplines are able to discuss their
work, and a supporting program for the purpose of networking.

Each semester, the Cluster Office organizes a seminar
series to which speakers from industry and science are
invited. This way, direct scientific exchange is enabled and
students and PhD students get to know different fields of
application for FSC research.

Website
YouTube

The FSC website provides comprehensive information on all matters concerning contact persons,
events, publications, vacancies
and links to research partners.
www.fuelcenter.rwth-aachen.de
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On the FSC‘s YouTube channel we
share informative videos which offer an
insight into various topics related to the
work of the cluster.

LinkedIn

Social Media

On LinkedIn, you can find current information on the work and activities of the FSC and also connect
with FSC members and researchers.
www.linkedin.com/company/the-fuelscience-center/

On the FSC Facebook page and Twitter account, up-to-date information as well as interesting links and photos are published,
providing an insight in the work and social activities of the Cluster of Excellence.
www.facebook.com/fuelsciencecenter/
twitter.com/fuelsciencenter/
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The Advisory Board
Scientific Advisors

Industrial Advisors

Claire Adjiman

Yiguang Ju

Ortwin Renn

Marie-Noëlle Semeria

Nicole Schödel

Chemical Engineering

Sustainable Energy

Institute for Advanced Sustainability
Studies

Senior Vice President and
Chief Technology Officer

Head of Chemical Development
and Services

Adisa Azapagic

Jay Keasling

Rolf Reitz

Michael Krüger

Ekkehard Pott

Sustainable Industrial
Systems

Chemical & Biomolecular
Engineering

Mechanical Engineering, Engine
Research Center

Division of Diesel Systems

Pre-development powertrain

Paul Anastas

Katharina KohseHöinghaus

Greg Stephanopoulos

Teemu Sarjovaara

Hermann Pengg

Thomas Haas

Biotechnology and Chemical
Engineering

Head of R&D, Products
and Applications

Head of Project Management
e-Fuels

Director Macromolecular
Chemistry

Green Chemistry and
Engineering

Chemistry

Energy Biosciences
Institute

Alexis Bell

Amit Kumar

Bert Weckhuysen

Hedwig Doloszeski

Armin Schnettler

Peter Sauermann

Chemical Engineering

Environmental Systems
Engineering

Inorganic Chemistry and
Catalysis

Chief Executive DGMK

Leader New Technology &
Innovation Fields

Director BP Global Fuels
Technology

Avelino Corma

Martyn Poliakoff

Charles K. Westbrook

Andreas Schamel

Kurt Wagemann

Karsten Wilbrand

Chemistry

Chemistry

Combustion Chemistry

Chief Technical Officer Ford
Europe

Chief Executive Officer

Senior Principal Scientist
Mobility

Tao Zhang
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Director of Dalian Institute of
Chemical Physics
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Supporting Structures & Environment

CMP
MatSE

ECPE

MTE

MSE

NGP²

ATC

Arts and
Humanity
Mechanical
Engineering

Business and
Economics
Natural
Science

HEMCP

Chemical
Energy
Conversion
HEMF

JoLIE

SABLE

The research program is supplemented by supporting structures
specific to FSC, but leveraging the
programs offered by the participating partners. The main measures
are the support of Early Career Researchers, support of Equal Opportunity, Data Management, Quality
Assurance, Intra-cluster Communication, Science Communication
and Public Outreach Activites. The
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Kohlen forschung

Cluster of Excellence is a non-incorporated association of RWTH
Aachen University, Forschungszentrum Jülich, and the MPI für Kohlenforschung as well as the MPI for
Chemical Energy Conversion. All
collaborations within the Fuel Science Center network are based on
the jointly agreed Cluster of Excellence‘s statues, which describe all
operational procedures.

Fuel Science Center
RWTH Aachen University
Schinkelstraße 8
52062 Aachen
Tel.: +49 241 80 95350
Email: info@fuelcenter.rwth-aachen.de
Internet: www.fuelcenter.rwth-aachen.de

