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The objective of the Department of Computational Electrochemistry is the development of mathematical models for the
chemical and physical processes in batteries and fuel cells with
the purpose to investigate them with the help of computer
simulations and mathematical analysis. The deeper understanding of the complex electrochemical multiphysics processes facilitates the conception of model based optimization strategies
for design, power density, and life time of batteries and fuel
cells. The research is performed at the two locations of the DLR
in Stuttgart and Ulm. The department is also integrated into the
Helmholtz-Institute for Electrochemical Energy Storage in Ulm.

The Energy Systems Integration group is an independent integrator of cross-disciplinary innovative energy technologies. Its
work is characterized by an application-driven approach and a
top-down methodology. The group is leading the activities of
the Institute of Engineering Thermodynamics in the fields of
more electric aircraft and all electric aircraft. Moreover, it is
contributing to research activities in crosscutting fields like
energy systems for space applications, wind, driven thermal
energy systems, and stationary energy storage technologies.

DLR is the national aeronautics and space research centre of
the Federal Republic of Germany. Its extensive research and
development work in aeronautics, space, energy, transport
and security is integrated into national and international
cooperative ventures. In addition to its own research, as
Germany‘s space agency, DLR has been given responsibility
by the federal government for the planning and implementation of the German space programme. DLR is also the
umbrella organisation for the nation‘s largest project management agency.
DLR has approximately 8000 employees at 20 locations in
Germany: Cologne (headquarters), Augsburg, Berlin, Bonn,
Braunschweig, Bremen, Bremerhaven, Dresden, Goettingen,
Hamburg, Jena, Juelich, Lampoldshausen, Neustrelitz,
Oberpfaffenhofen, Oldenburg, Stade, Stuttgart, Trauen, and
Weilheim. DLR also has offices in Brussels, Paris, Tokyo and
Washington D.C.

Modeling of fuel cells covers the main types of fuel cells as
PEFC SOFC and DMFC. Important research topics are the
kinetics of electrochemical processes and reactions leading to
degradation on the nanometer scale, as well as the investigation
of multi phase flow and charge transport in porous electrodes
on the micrometer up to centimeter scale. Modeling of battery
is concerned with established lithium ion intercalation batteries
as well as more experimental concepts like metal sulfur, metal
air, sodium and magnesium batteries. Rigorous thermodynamic
methods and three dimensional simulations techniques are
used to study the influence of electrochemical processes as well
as micro – and nanostructured electrodes and the macroscopic
cell design on the life time and power density of batteries.
Research focus:
• Investigations of structure – function relations in batteries
and fuel cells by microstructure simulation
• Research and applications of theoretical concepts for the
coupling of processes on different time and length scales
• Modeling and simulation of degradation mechanisms in
batteries and fuel cells

A particular highlight of the group‘s work is the fuel-cell
driven research aircraft HY4 operated by the DLR spin-off
H2FLY and developed with the know-how of the Institute‘s
group Energy System Integration as well as Hydrocenics,
Pipistrel, University of Ulm and the airport Stuttgart. This
aircraft is used by the group as a testbed for advanced hybrid
battery-fuel cell propulsion system and represents a
contribution to multi modal emission-free mobility.

TT - E - 04 - 18 - LTG

Computational Electrochemistry

Imprint
Research focus:
• Development of multi functional fuel cell systems for
aircraft applications
• Development of highly efficient and reliable hybrid systems
with direct coupling between battery and fuel cell and
minimal need for power electronics
• Energy systems for space applications
• Contribution to the DLR security research portfolio
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An Overview of the Institute

Systems Analysis and Technology Assessment

Thermal Process Technology

Electrochemical Energy Technology

The Institute of Engineering Thermodynamics at the German
Aerospace Center (Deutsches Zentrum für Luft- und Raumfahrt
- DLR) is establishing the scientific and technological fundamentals of the energy storage industry of the future. It carries
out research in the field of efficient energy storage systems
that conserve natural resources and next generation energy
conversion technologies. The institute has a staff of almost 160
scientific and technical employees, engineers and doctoral candidates.

Decisions in the energy industry, energy policy and energy research often have far-reaching and long-lasting consequences. By
foresighted action, the opportunities of new technologies can be
recognized and possible negative effects on the environment
and society can be minimized. The Department of Systems Analysis and Technology Assessment explores the various technical
and structural options that can serve as a framework for a sustainable energy supply system, analyses technologies and their
potentials and assesses their advantages and disadvantages. On
this basis, scenarios showing the way to an affordable, reliable
and environ-mentally sound energy future are developed.
Furthermore, the department develops new methodologies,
evaluates support instruments, and compiles options for action
that allow for efficient implementation of the indicated goals.

The future energy system will need higher shares of renewables, more efficient processes and systems with increased flexibility. The Department of Thermal Process Technology
develops thermal energy storage systems that can contribute
significantly as a cross-sectoral technology in processes where
high-temperature heat is available. Technical expertise has
been developed for characterization and utilization of storage
materials as well as modelling and simulation of storages
designed to fulfill specific application requirements. Integration requirements for power plants, industrial processes and
vehicles is incorporated into the storage development from
the very beginning and is essential to pave the way for commercial application of thermal energy storage systems. A
further focus of the department is process development and
techno-economic evaluation of various processes to generate
alternative fuels mainly from renewable sources. The department operates a unique testing infrastructure with a range of
up to several hundred kilowatt to validate simulation tools,
proof storage concepts and evaluate operational strategies.

The Department of Electrochemical Energy Technology is
active in the development of efficient electrochemical energy
storage and conversion systems,mainly batteries, fuel cells
and electrolysers. The importance of these technologies for
future energy supply increases continuously, in particular in
stationary power supply and in electric mobility. The department‘s activities range from cell design, manufacturing processes, and diagnosis to system optimization and demonstration. The scientific and engineering challenges of
electrochemical storage technology and energy conversion
consist in handling the conflicting goals of efficiency, operating life, convenience, safety and costs.

The spectrum of activities ranges from theoretical studies to
laboratory work for basic research to the operation of pilot
plants.
These experimental and theoretical studies are accompanied
by systems analysis studies to analyse the associated technological, environmental and economic potential and situate it in a
larger overall context of the energy economy by means of
scenarios. In addition to these core activities in the DLR field
Energy, the Institute of Engineering Thermodynamics also
works on selected subjects from the fields of Aviation and
Transportation, thus contributing to other focal topics of
the DLR. These include developments to the use of fuel cells
in aircraft and ground vehicles and to the g eneration and
storage of hydrogen.
A major characteristic is the interdisciplinary collaboration of
the departments, so that skills and synergies are utilized to
greatest possible extent. The institute and its activities
are very well integrated in national and international
research networks.

Research focus:
• Energy system modelling and scenarios: development of
transformation scenarios with regional, national and
transnational scales which utilise large shares of renewable
energy, taking into account the spatio-temporal variability
of renewable resources. Development of options to increase
the flexibility of the system through the coupling of the
sectors power, heat and transport
• Resources and potentials: modelling and analysis of the
available renewable resources
• Incentive programs and economic aspects: evaluation of incentive programs and legal regulations for the market integration of new technology options. Determination of the added
value of the transformation process for industry development
• Evaluation of integrated technology options for the transformation of the energy system, e.g. the role of solar thermal electricity for the supply of flexible renewable energy
and options for the supply of synthetic energy carriers

Research focus:
• Sensible and latent thermal energy storage systems at
temperatures above 100 °C for industrial processes and
power plants
• Thermochemical systems for thermal upgrade of industrial
process heat
• Power-to-heat-to-power systems and adiabatic compressed
air systems for large-scale storage of electricity
• Thermal (including thermochemical) systems for heat
management in vehicles
• Process development and techno-economic evaluation of
processes to generate synthetic transportation fuels

Research focus:
• Development of polymer-electrolyte fuel cells (PEFC) and
solid-oxide (ceramic) fuel cells (SOFC)
• Advanced cell concepts for higher power density, reduced
materials and manufacturing costs and improved reliability
• Future lithium and magnesium batteries
• Identification of the degradation mechanisms in fuel cells
and batteries and strategies for mitigating degradation
• Investigation of fuel cells and batteries by innovative diagnostics such as spatially resolved current density
• Modelling and simulation of electrochemical systems
• Optimized system technology for fuel cells, batteries and
electrolysers
• Hybridized energy systems with electrochemical core
technology, e.g. power plant with SOFC - gas turbines

