Energy Sciences for Europe's Green Deal

11" Colloquium of the Munich School of Engineering
July 28 - 29, 2021




Organizers of the Colloquium:
Marcel Dossow

Felix Fischer

Amelia Fraczkowski

Lukas Spanier

Lennart Reb

Dr. Maximilian Keim

Dr. Markus Loewer

Dr. Petra Liedl

Dr. Christoph Wieland

Picture Credits:
Title page; Uli Benz, TUM, 2017
Page 1; Astrid Eckert

Editor:
Prof. Dr. rer. nat. Thomas Hamacher
Director Munich School of Engineering

Technische Universitat Miinchen
Munich School of Engineering

Lichtenbergstr. 4a
85748 Garching
http://www.mse.tum.de

Jurors:

Dr. Peter Tzscheutschler
Dr. Maximilian Keim

Dr. Sebastian Fendt

Dr. Apostolos Vagias

Dr. Volker Koérstgens

Dr. Stephan Gleis

Dr. Vedran Peric
Heinrich Kleeberger

Date of Publication:
July 2021

Download:
https://www.mse.tum.de


gu47row
Notiz
Accepted festgelegt von gu47row

gu47row
Notiz
Accepted festgelegt von gu47row

gu47row
Notiz
MigrationConfirmed festgelegt von gu47row

gu47row
Notiz
MigrationConfirmed festgelegt von gu47row


The Bavarian Prime Minister Dr. Markus Séder unmistakably emphasized the great importance of

align its research accordingly.

climate protection in his government declaration on 21st of July 2021, which made it clear that current
efforts must be accelerated significantly. The Prime Minister highlighted issues such as the significant
expansion of deep geothermal energy in Bavaria. This is of particular importance to MSE, since it is
responsible for coordinating the Geothermal Alliance Bavaria (GAB). A research project whose main
focus is research in deep geothermal energy.

Climate protection, energy and energy research need to become the central research questions in the
next few years and every single university or research institution must, if possible, reposition itself and

Today, more is required than just the gradual shift of a few funding mechanisms, but rather a
reassessment of the entire research landscape must take place. Energy and climate must be taken into
account in all areas of a university: research, teaching and operation of assets and infrastructure.

Also all other fields need to understand their relation to the energy field.

The expansion and restructuring of the energy system has to happen rather fast with having a

transformation time limited to a few years. Like this, the campus in Garching could become a wonderful
living laboratory a benchmark for planning, renovation and operation. If the conversion of such a complex
site succeeds in record time, then the conversion of simpler systems would also succeed.

This requires the steady willingness of the university, the state of Bavaria and all other involved
stakeholders to act now. No doubt, the problem of climate change is well understood by now but the will
to act accordingly is still more fuzzy and less committed. For every prestigious university it is more than
timely to go ahead and show that the university as a whole can act in accordance with the needs for
sustainability and climate protection, especially related to the energy consumption. The transformation

of the campus in Garching to a carbon neutral campus within the next five to ten years would be the right
signal of the university that TUM and the state of Bavaria is willing to accept this challenge and to be a

frontrunner in clean technology development and education.

Munich School of Engineering (MSE)

The Munich School of Engineering (MSE) of the Technische
Universitat Mlinchen is an open platform for all researchers
and students at TUM to combine knowledge and visions for
the energy systems of tomorrow. The MSE bundles com-
petencies from TUM's faculties to develop comprehensive
research programs tackling as well fundamental as applied
questions in the areas of energy production, distribution and
storage. To ready upcoming generations of engineers and
scientists to respond to the challenges of tomorrow, pro-
grams on undergraduate, graduate and postgraduate (PhD)
level have been developed and are continuously refined.
Exceptionally talented students are equipped with a funda-
mental scientific tool box and an interdisciplinary mindset to
become the future leaders in energy research.

TUM.Energy is a cross-departmental research initiative within
the MSE, which offers a platform for the so-called "Green
Technologies", in particular energy research in the segments
Electromobility, Power Plant Technologies, Renewable Energies,
and Energy Efficiency. These main topics are represented in
networks in which researchers of different departments are
working in detail on the challenges within these fields:

The network TUM.Battery supports research on battery
technologies. At the Technical University of Munich, more than
100 persons work in this field. Manifold individual projects are
carried out in the area of the chairs’ and institutes’ core
competencies, for instance in cooperation with partners from
industry, economy, politics and research.

T e p

Thomas Hamacher
Director Munich School of Engineering

The network TUM.Hydrogen & PtX coordinates interdisciplinary
research on electricity-based future energy solutions, such as
hydrogen or synthetic fuels.The goal is to understand systems
in their complete value chain - from fundamentals to marketing.

The Network for Renewable Energy is doing research
in both, fundamental research in the field of new techno-
logies and materials as well as improvements of existing
technologies increasing their applicability.

Energy-Food-Water-Nexus at MSE explores the connected
challenges of energy, food and water in times of urbanization,
population rise and climate change. It unites competences
ranging from sustainable buildings to vertical farming.

The Center for Sustainable Building is dedicating itself
to energy efficiency during the use of buildings and its
consideration during planning. Thereby not only technical
but also socio-ecologic aspects are integrated in urban
planning approaches.

The Center for Combined Smart Energy Systems focuses
on modeling the interdependency of electricity distribution,
heat, and communication networks and thus sector-coupling.
The goal is to develop strategies for integrating extensive
distributed energy sources into smart micro grids.
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12:30 pm Opening
Prof. Dr. Thomas Hamacher
Director, Munich School of Engineering, TUM

12:45 pm Keynote

Technologies Enabling the H2 Value Chain

Dr. Andreas Peschel, Head of Chemical Technology R&D, Linde GmbH,
Linde Engineering

1:15 pm Fundamentals in Functional Materials
Session Chair: Prof. Dr. Peter Miiller-Buschbaum

Comparison of the Temperature-Dependent Impedance and Rate
Performance of Silicon and Graphite Anodes
Clara Berg, Chair of Technical Electrochemistry, TUM

Top-Down Synthesis of Pt-Based Oxygen Electro-Reduction Catalysts
Dr. Batyr Garlyyev, Department of Physics, TUM

A Concept of a p-Photoreactor for Planar Hydrogen Evolution Catalysts
at Ambient Conditions
Clara Aletsee, Chair of Physical Chemistry, TUM

2:30 pm Coffee Break

2:45 pm Innovative Technologies and Applications
Session Chair: Prof. Dr. Andreas Jossen

Emerging Thin-Film Solar Cell Technologies Reaching Space
Lennart Reb, Department of Physics, TUM

Water-Based Prussian Blue Ink Optimization by Using High-Throughput
Robotic System for Electrochromic Smart Windows
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Development of Innovative Nano-CHP Using New Thermoelectric
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Energy Demand in the Built Environment - Strategies for Sector
Coupling

Kerstin Vogt, VdZ

4:30 pm Poster Session |

Join us for a virtual get together!

July 29, 9:00am to 5:30 pm

9:00 am Workshop - Energy Scenarios for Bavaria

The STROM-Project investigates the future of the energy system in Bavaria with a special focus on
heating sector and the interaction between heating and power sector. The development will depend
pretty much on the development of the Global, European and National energy system. Therefore the
workshop will define the possible scenario frames we need to consider and will also discuss the cen-
tral technologies which most likely will be of prime importance for the project. An example which will
be highlighted in the workshop is deep geothermal energy for heat production.

12:30 pm Poster Session Il

1:30 pm Opening
Prof. Dr. Thomas Hamacher

1:45 pm Keynote
Security of Supply - Concept of Evaluation
Dr. Philipp Kuhn, Chair of Sustainable and Renewable Energy Systems, TUM

2:15 pm Innovative & Improved Energy Conversion Technologies
Session Chair: Prof. Dr. Hartmut Spliethoff

BioCORE- Highly Efficient Biogas Conversion in Reversible Solid Oxide
Cells
Felix Fischer, Chair for Energy Systems, TUM

Utilization of Wood Gas in a SOFC-Stack
Federica Torrigino, Chair of Energy Process Engineering, FAU

Compact and Cost-Efficient Cold Storage Based on an Absorption Process
with H20/LiBr
Dieter Pressl, ZAE Bayern

3:30 pm Coffee Break

3:45 pm Impacts on Energy Supply in the Near Future
Session Chair: Prof. Dr. Thomas Hamacher

Battery-Assistance vs. Grid Reinforcement for High-Power EV Charging:
An Emissions Perspective
Anupam Parlikar, Institute for Electrical Energy Storage Technology, TUM

Can the Environmental Impact of Wind Turbines be Reduced through De-
sign?
Helena Canet, Chair for Wind Energy, TUM

Environmental Effects of Digitization for Smart Grid Use Cases -
a Life-Cycle Perspective and Beyond
Daniela Wohlschléger, Forschungsstelle fiir Energiewirtschaft

5:00 pm Keynote

What Factors Influencing the Adoption of Green Hydrogen: A Global
Perspective

Prof. Dr. Svetlana Ikonnikova, Center for Energy Markets, TUM

5:30 pm Summary and Closing
Prof. Dr. Thomas Hamacher
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Comparison of the Temperature-Dependent Impedance
and Rate Performance of Silicon and Graphite Anodes

Clara Berg?, Robert Morasch®, Maximilian Graf®, Hubert A. Gasteiger®

aclara.berg@tum.de, Probert. morasch@tum.de, °maximilian.graf@tum.de, hubert.gasteiger@tum.de

Silicon is a promising candidate for replacing graphite in anodes for lithium-ion batteries due to its high
theoretical capacity and its encouraging rate performance. However, it suffers from large volumetric changes
upon (de-)lithiation which significantly compromise the cycling stability.?! Jantke et al.l" reported the reversible
cycling of an affordable microsilicon material. By utilizing a third of the full theoretical capacity of silicon and
thus limiting the volumetric expansion, the microparticles can withstand the mechanical strain without particle
pulverisation and degradation. Electrodes with 70%uw: of microsilicon are only approximately 40% of the mass
of a graphite electrode with the same capacity. This difference in electrode mass loading has implications on
the electrodes’ kinetic properties.

In this study, the temperature-dependent impedance and rate performance of silicon and graphite electrodes
with matched capacities - and therefore different mass loadings - are compared (Fig. 1). Different relative
contributions of the ionic pore and charge-transfer resistances are identified by an impedance analysis. As
the path of an ion through the thin silicon electrode is short there is only a small contribution of ionic pore
resistance. At the same time, the lower mass loading compared to that of the graphite electrode implies a
smaller absolute active material surface area resulting in higher charge-transfer resistance. As the activation
energies for ionic conductivity and charge-transfer differ significantly, silicon and graphite electrode kinetics
exhibit different temperature dependencies. In this study, these dependencies are related to the rate
performance at different temperatures.

Figure 2: Scanning electron microscopy (SEM) images showing the cross-sections of pristine silicon and
graphite electrodes with a capacity loading of 2.7 mAh/cm? calculated by referring to the reversible capacities
of 1200 mAh/gsi and 350 mAh/gara for the silicon and graphite electrodes respectively. SEM specifications:
secondary electron detection, 10.0 kV electron acceleration voltage, x 500 magnification.

References

[1] N. Obrovac, V. L. Chevrier, Chemical Reviews. 114, 11444 (2014).

[2] Jantke D, Bernhard R, Hanelt E, Buhrmester T, Pfeiffer J, Haufe S. Journal of the Electrochemical
Society. 166, A3881 (2019).




TUTI

Top-down synthesis of Pt-based oxygen electro-
reduction catalysts

Batyr Garlyyev,? Johannes Fichtner, Sebastian A. Watzele, Aliaksandr S. Bandarenka

3batyr.garlyyev@tum.de

One of the key factors limiting the widespread applications of fuel cell technologies is the cost of the
electrocatalysts utilized in catalyzing the oxygen reduction reaction (ORR) at the cathode side. More
specifically, only platinum based electrocatalysts have shown sufficient activity; however, due to the scarcity
and cost of P, it is of a particular interest to increase their activity per mass. We tackle these challenge by
optimizing the size, shape and composition of Pt-based nanoparticles.

Results from Pt model catalyst surfaces have demonstrated that surface defects, in particular surface
concavities, can improve the ORR kinetics. It is, however, a challenging task to synthesize nanostructured
catalysts with such defective surfaces. Hence, we produced Pt/C catalyst with high density of surface
concavities, which was confirmed by high-resolution transmission electron microscopy, 3D-tomography, high
energy X-ray measurements and positron annihilation spectroscopy (Figure 1). The ORR activity of the
developed catalyst exceeds that of commercial Pt/C catalyst, at least 2.7-times in terms of specific (~1.62
mA/cm? at 0.9V) and at least 1.7-times in terms of mass activity (~712 mA/mget), which can be correlated to
the enhanced amount of surface defects. Furthermore, the alloyed Pt.Pr nanoparticles were synthesized and
their ORR activity was investigated. The alloyed nanoparticles showed 4-fold enhancement in the specific
activity and 1.5 times increase in mass activity in comparison to the commercial catalyst (Figure 2).

Figure 1. The ORR activity of Pt nanoparticles
with high density of surface concavities. High
resolution TEM and 3D Tomography images
with mass activity of the Pt nanoparticles are
shown in comparison to commercial Pt/C
catalyst

Mass Activity (mA/mgg,)

Figure 2. The ORR activity of alloyed PtxPr
nanoparticles. TEM and EDX mapping images
with mass activity of the PtxPr nanoparticles
are shown in comparison to commercial Pt/C
catalyst.

= PtPrNp PYC TKK

References:
1. Fichtner, S. Watzele, B. Garlyyev, A.S. Bandarenka. ACS Catal. 2020, 10, 3131-3142.
2. B. Garlyyev et al. Nano Research (2020) https://doi.org/10.1007/s12274-020-3281-z
3. J. Fichtner, B. Garlyyev, S. Watzele, et al. ACS Appl. Mater. Interfaces, 2019, 11, 5129-5135.
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TUTI

A Concept of a p-Photoreactor for Planar Hydrogen
Evolution Catalysts at Ambient Conditions

Clara C. Aletsee?, Martin Tschurl®, Ueli Heiz®

aclara.aletsee@tum.de, Ptschurl@tum.de, Culrich.heiz@mytum.de
Photocatalytic water splitting and alcohol reforming offer exciting opportunities for the clean Hz production, in
contrast to the industrially applied steam reforming, which requires fossil fuel as a feedstock. Intensive research
efforts devoted to these reactions have resulted in a high quantity of structurally complex powdered photocata-
lysts. However, the processes are not yet industrially realized since the developed catalysts are too inefficient
in the visible light range. Furthermore, their complexity makes a mechanistic understanding and hence their
systematic improvement towards high performance virtually impossible. Therefore, the preparation of com-
pounds with well-defined atomic level characteristics represents an attractive approach to overcome these is-
sues. Such model substrates are already used for fundamental studies in the ultra-high vacuum (UHV), but a
simple extrapolation of the results to applied conditions is impeded by a pressure difference of nine orders of
magnitude. The evaluation of ideal photocatalysts under ambient conditions will yield more realistic and exploit-
able information but is currently not possible due to the lack of suitable test setups.

In this contribution, we present a novel concept for a y-photoreactor
enabling the evaluation of planar catalysts such as single crystals,

\ 7 nanowires, and other samples developed in the framework of e-con-
version at ambient conditions in a continuous gas flow. The planar
Photocatalyst ~ssss. catalyst serves as the bottom of the reactor, while a 10 um teflon O-

ring on top defines a reactor volume as low as 640 nL. The system is

S0 Telfon O-Ring closed by a UV-vis transparent pyrex (SiOz) lid with implemented gas
Transparem flow channels for the reactant flow over the catalyst surface towards
the quadrupole mass spectrometer (QMS) for product analysis. The

= = - Outlet Croducts 0w total gas flow (uL/min) and small reactor volume guarantee a
-'\ o jg Qs highly sensitive detection of the products and fast response times. The

. pm-sized flow channels are incorporated into the lid by photolithogra-

phy and etching in a multistage process uniting several crucial fea-
tures for sensitive detection. The total gas flow is defined by a capillary
at the outlet, which also accounts for the required pressure drop from
llumination reactor chamber to the QMS. At the inlet, a constriction limits the back
diffusion of reactants and products. The lid evaluation by profilometry

and microscopy allows the prediction of gas flow, back diffusion, and

pressure.

Gasmanifold

¢ 74um

ol

0,0 €

In the next step, the gas phase u-photoreactor will be implemented
into a flow and pressure controlling infrastructure, allowing the
feeding of various reactants such as alcohols, water, or COs.. Its
design enables not only kinetic evaluation of planar photocatalysts
by utilizing different lids with defined gas flows but also material
characterization after catalysis, unparalleled to date. Thereby, dif-
ferent photocatalysts within the e-conversion project can be inves-
tigated under variable, yet comparable conditions. Differences in
the reactive behavior with respect to the environment will contrib-
ute to a fundamental understanding of reaction pathways. This is
vital to ultimately facilitate significant advancements within the ra-
tional design of H2 producing photocatalysts.

capillary depth [um]
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TUTI

Emerging Thin-Film Solar Cell Technologies
Reaching Space

Lennart K. Reb?, Michael B6hmer, Benjamin Predeschly, Sebastian Grott, Christian L. Weindl, Goran I.
Ivandekic, Renjun Guo, Christoph Dreilligacker, Roman Gernhauser, Andreas Meyer, Peter Miller-
Buschbaum®

alennart.reb@ph.tum.de, "muellerb@ph.tum.de

The emerging technologies of thin-film perovskite and organic solar cells are currently becoming more and
more interesting for commercialization. Their steadily increasing record efficiencies from laboratory test cells
are approaching those of conventional silicon solar cells, and it is only a matter of time until perovskite solar
cells will surpass silicon solar cells in terms of efficiency. These results for solar cells that are solution-
processable at ambient conditions open up novel ways for solar cell manufacturing, such as sprayed or
printed solar cells on thin flexible plastic foils, i.e. for high throughput techniques on an industrial scale.
Besides the terrestrial applications, space exploration will also benefit from lightweight and flexible space
panels.

. : : _ In the last years, the research community began to
[Mesoscopic ; : investigate more and more the stability of these
1 Perovskite A) e : . : "

systems in different environmental conditions to
identify and prevent degradation pathways and
thereby increase their lifetime. Space flights are an
ideal platform to investigate the behavior of our solar
cells in conditions that are characterized by ultra-high
vacuum, strong UV solar irradiation, and the absence
of oxygen or water outside Earth’s atmosphere.

Here we present the very first electrical
characterization of emerging perovskite and organic
solar cells under space conditions at orbital altitudes
[1]. During a suborbital rocket flight, we measured the
power of our solar cells under different illumination
conditions. Our results show that the solar cells
survived the harsh conditions during the rocket
launch, generated promising amounts of power

Current density (ma cm™)

—T T v
o0 02 04 06

I during strong solar illumination that are comparable
Voltage (V] with laboratory measurements, and also produced
energy in faint light conditions with only indirect solar

illumination.

These results show the versatility of perovskite and organic solar cells for application in various environmental
conditions, with promising potential to revolutionize not only space exploration.

[1] L. Reb et al., Joule 4, 1880-1892 (2020).
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TUTI

Water-based Prussian blue ink optimization by using
high-throughput robotic system for electrochromic
smart windows

Oleksandr Mashkov?, Stefan Langnerb, Erika Geffel®, NiaII Killilea®, Anastasiia Barabash®, Mykhailo Sytnyk',
Christian Bergerg", Jerrit Wagner', Tobias Stubhan’, Jens Hauch¥, Christoph J. Brabec' and Wolfgang
Heiss™

aoleksandr.mashkov@fau.de, bstefan.Iangner@fau.de, °e.geffel@fz-juelich.de, dniall.killilea@fau.de, ®anastasia.barabash@fau.de,
fmisha.sytnyk@fau.de, "c.berger@fz-juelich.de, j.wagner@fz-juelich.de, itobias.stubhan@zae-bayern.de, ¥j.hauch@fz-juelich.de,
Ichristoph.brabec@fau.de and ™wolfgang.heiss@fau.de

Electrochromic materials are a type of chromic compounds capable of reversibly changing their color or
opacity under external applied potential. The installation of facade panels equipped with electrochromic
materials offers temporary control of the transmitted solar energy and seems to be one of the solutions to
reduce the use of air conditioning systems inside buildings and thus energy consumption. Prussian blue,
Fe',[Fe'"(CN)s]s, is not only a blue pigment widely used in art, but also a beautiful representative of
electrochromic materials, non-toxic and low-cost in preparation (in comparison to other electrochromic
compounds: ReOs;, WO3, ITO, Nb2Os, VOx etc), and able to change its color from blue to colorless. The
widespread method for the synthesis of Prussian blue involves high energy-consuming electrochemical
deposition from solutions of the corresponding salts (Ks[Fe(CN)s and FeCls]). Here we developed a suitable
composition of an aqueous ink based
on colloidal synthesis of Prussian blue
nanocrystals for the fabrication of thin
electrochromic films. By using a high-
throughput robotic setup we achieved
the optimal ratio of components
(Prussian Blue NCs — 75 mg/mL,
Zonyl — 6 wt.%, and DMSO - 7.5
wt.%) in the ink to achieve the
maximum optical density of the film
with the minimum possible number of
deposited layers. To demonstrate the
electrochromic properties of the
Prussian blue film, a "smart window"
consisting of three components (an
electrochromic material, a polymer
organic electrolyte, and an ionic
storage layer) was made. The storage

Transmittance (%)
N w B 4] D ~
o o o o o o

—_
o

oLt o P - Ll b T layer in this work is a film of colloidal
500 600 700 800 900 1000 1100  Ce0, nanocrystals in which the fatty
Wavelength (nm) ligands have been removed using

Figure 1: Transmittance of electrochromic device based on Prussian Blue NCS EDT cross-linking ligands. Application

and CeO2 NCs. of the potential modulates the
transmittance of the device at 680 nm from 7.6% to 72.2%. The facile preparation of electrochromic ink, as
well as the low-temperature post-deposition annealing, is promising for industrial applications of
electrochromic foils, whose fabrication can easily be upscaled by roll-to-roll printing technologies.
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Development of innovative Nano-CHP using new
thermoelectric generators (TEG)

Arne Stumpf?, Thomas Metz°

aarne.stumpf@th-nuernberg.de, Pthomas.metz@th-nuernberg.de

Our project’s goal is to develop a combined heat and

Nano-CHP ﬂ?zlerl—l power unit (CHP) for converting waste heat from

heating in single-family houses into electrical energy.

ourne: | | heating Several industrial and research partners are engaged

electro | POWer flow in our project which is a ZIM-project funded by the
transformation BMWi.

In contrast to conventional CHP concepts, which use

heating conventional combustion engines, our concept uses

| return flow  thermoelectric modules (TEMs) to generate electricity
and a commercial condensing boiler to generate

I thermal energy. We use Skutterudite and bismuth
telluride semiconductors as a basis for the high-
temperature TEMs. The temperature gradient
between hot flue gas and cooling water is the driving
force and responsible for generating electrical energy.

storage

public grid H own consumption | flue gas

Figure 1: Schematic concept of Nano-CHP with TE-generator

The thermoelectric generator (TEG) comprises approx. 20 TEMs, which are connected electrically in series-
parallel and thermally in parallel. The new nano-CHP will generate electricity with minimal CO, emissions,
thus offering the private sector the opportunity easily to reduce its CO; footprint. The TEG is inexpensive and
can be implemented easily. The great advantage of the new technology is the use of a commercially available,
highly efficient condensing boiler. This enables demand-based power generation for private households with
highly efficient heat generation, high flexibility, and short response times. This is a major difference to the
available CHP systems for household applications.

One of the greatest challenges of the project is to supply the TEMs with the ideal amount of heat at each
operating point. The ideal amount of heat ensures that the TEG performs well and thus generates a significant
amount of electricity. To solve this challenge, it is essential to control precisely the heat row from the hot flue
gas to the TEG and from the TEG to the heating water. The hot gas B® ¥ -
temperature is around 1000 °C and the material temperatures are at
around 550 °C. This poses challenges for the mechanical construction of
the TEG, which finally must be also economically feasible.

The presentation gives an overview of the ongoing ZIM-project and
shows some current results. The main topics of the presentation are the
current results of the simulation of the hot gas heat exchanger such as
temperature and flow profile, as well as the pressure loss. The
presentation explains the idea and concept of nano-CHP with TEMs, the
used models in the simulation, and why this concept is superior to
conventional CHP concepts.

In addition, the experimental results are discussed and compared with
results from simulation and previous works. Finally, the profitability of a
private, domestic nano-CHP using TEMs, is assessed and compared to
some conventional CHP concepts such as internal combustion engines
and fuel cells. Figure 2: Condensing boiler with TEG
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BioCORE - Highly Efficient Biogas Utilization in
Solid Oxide Fuel Cells

Stephan Herrmann, Felix Fischer?, Maximilian Hauck, Jeremias Weinrich, Luis Poblotzki, Hartmut Spliethoff

afe.fischer@tum.de

The energy system of the future will be largely based on renewable energies (especially wind/PV).
However, their fluctuating electricity production requires additional measures to balance supply
and demand. Biogas is one of the few renewable energy sources that can provide both secure
base load and balancing power. At present, however, this resource is usually converted in
combined heat and power plants (CHP) at constant output with electrical efficiencies of less than
40% in about 9,500 plants in Germany alone, or about 18,500 Europe-wide, respectively.

In contrast to the traditional CHP approach, the highly innovative BioCORE technology converts
valuable biogas into electricity twice as efficiently, with the additional option of converting the CO2
(up to 50% of the biogas volume) into synthetic natural gas. High-temperature Solid Oxide Cells
are used, which can be operated as fuel cell (SOFC) and as electrolysis (H20 and CO2
electrolysis, hydrogen or biomethane production, SOEC) and thus make a considerable
contribution to stabilizing the energy system. By using the existing natural gas infrastructure,
besides flexibilizing electricity from biogas, the BioCORE technology also solves the problem of
long-term storage.

A CO,
. | Brennstoffzelle
80%
= ="= T xR
Blogas ‘
moCORE
Elektrolyse

‘ CH, i 80%

Figure 1: Schematic flowsheet of the BioCORE process — Fuel Cell mode in green, Electrolysis operation in blue

The presentation will provide insights and latest results from the operation of the 10 kW
demonstrator that has been put into operation at the Chair of Energy Systems late 2020.
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Utilization of wood gas in a SOFC-stack

Federca Torrigino?, Fabian GrimmP, Jiirgen Karl®

afederica.torrigino@fau.de, bfabian.grimm@fau.de, Suergen.karl@fau.de

Fuel cells represent an environmentally friendly alternative to fossil fuels in the field of energy production. In

particular, high-temperature fuel cells (solid oxide fuel cell, SOFC) are considered a valid option for
cogeneration applications compared to other fuel cell technologies, due to their fuel flexibility, high efficiency,
and high-quality waste. Since a single SOFC has a relatively low power density, (approx. 1 W/cm?), multiple
single cells are joined together in series to form a stack for technical applications. [1]. However, in order to
make a SOFC an interesting option for commercialization, some issues still need to be solved. Besides
economic feasibility, the most challenging hurdle is achieving degradation-free SOFC operation over a long
time. In fact, during standard SOFC operation, various degradation mechanisms causing performance losses
can occur. Electrochemical impedance spectroscopy (EIS) is considered to be one of the most promising
methods to characterize these losses.

At the chair of Energy Process Engineering at the Friedrich Alexander University (FAU) of Erlangen-
Nuremberg in close cooperation with the company NOVUM Engineering GmbH the coupling of wood-
gasification with a commercially available SOFC-stack (Galileo 1000 N, Hexis AG) was realized and the effect
of the fluctuating gas quality was investigated by means of EIS. In the case of fluctuating gas quality or
unfavorable operating conditions,
degradation effects (e.g.: nickel oxidation at
the anode) can often be observed within the

cell [2,3]. Using impedance measurements ——Wood gas H/C Ratio =76

(EIS in-situ investigation, frequency range 3t ——Wood gas H/C Ratio =41 ﬁ -
0.13 Hz-10 kHz, excitation currents 100-140 — Syngas H/C Ratio = 30 ﬁ

mA), it is possible to perform online Q —— Syngas H/C Ratio=13 ]}
diagnostics to detect critical operating > 21 g —+— Syngas H/C Ratio = 4 f i |
conditions and degradation processes. Each ~ ﬂ f 1

physical process in a SOFC is characterized a4 i 4

by a time constant 1, known as relaxation 1a4 i f 1

time, which contains information about the 0 _ﬁ . J i3 ®

speed at which a process occurs. An analysis 10 103 102 107" 10° 107

of the distribution of relaxation times (DRT)
enables an accurate interpretation of the EIS
results and the identification of the different
processes occurring in a SOFC. In Figure 1
a DRT-plot in syngas and real wood gas operation (different H/C ratios) of the stack at 820°C is shown. With
the aid of the EIS results, the stack operating conditions can thus be optimally adjusted to prevent possible
degradation phenomena. The results presented focus firstly on a variation of the operating temperature and
volume in continuous operation with commercial natural gas and pure hydrogen (= 99.9 % purity). In addition,
different fuel compositions with synthetic syngas (H., CO, CO, N») and real wood gas produced from a
laboratory gasifier have been analyzed.
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Compact and cost-efficient cold storage based on an
absorption process with H2O/LiBr

Pressl, Dieter?, Laevemann, Eberhard®
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In the industrial sector, absorption chillers can be a sustainable technology for cold supply if waste heat is
used as driving heat source. However, its use often is impeded by a temporal mismatch between availability
of waste heat and cooling demand. An approach to overcome this hindrance is the realization of a thermal
absorption storage process, which is a
CHARGE < water vapor g flexible absorption chiller process with

integrated energy storage. The
m fundamental process is depicted
schematically in fig. 1. In charging
ARARANANE JANARANAR mode, high temperature heat at about

mid temperature heat | A high temperature heat o
<— .
35 °C i E 100 °C 100 °C is used to desorb water vapor

p— po— from a diluted salt solution, which
e \_ e thereby gets concentrated. The heat of

condensation is released to the
ambient. The concentrated salt
solution is transferred to a storage
DISCHARGE b watervapor o tank an_d stores the former thermal

energy in the form of free energy. In

discharging mode, low temperature
heat is extracted from a heat transfer
AT FATATAA fluid, which thereby is chilled, and is

storage tank

low temperature hearz ZT‘nid temperature heat used to evaporate water. The water
6 °C 35°C .

- - vapor is absorbed by concentrated salt

evaporator absorber solution from the storage tank. The

J mid temperature absorption heat is

released to the environment.

storage tank

The achievable energy density of the storage process fundamentally depends on the difference in salt mass
fraction between the concentrated and diluted salt solution. In absorption chillers, it usually does not exceed
3-4 m%, which means that no significant storage effect can be achieved. One of the main goals in the design
of a thermal absorption storage process therefore is the maximization of the difference in salt mass fraction.
Hence, the salt mass fraction of the diluted salt solution has to be minimized, while the salt mass fraction of
the concentrated salt solution has to be maximized.

The obijective of the presented work was to develop a novel process design of a thermal absorption storage
based on H2O/LiBr with high energy density. This enables a both compact and cost-efficient cold storage.
The salt mass fraction of the diluted salt solution is minimized by reducing significantly the specific salt
solution mass flow at the absorber. Additionally, the salt mass fraction of the concentrated salt solution is
maximized by the formation of LiBr-monohydrate accepting partial crystallization of the solution. The
theoretical energy density of the resulting process amounts up to 350 kWh/m?® and therefore significantly
outnumbers currently used ice storages. A first economic evaluation of the process resulted in specific storage
costs of about 30 €/kWh.
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Battery-Assistance vs. Grid Reinforcement for High-
Power EV Charging: An Emissions Perspective

Anupam Parlikar’, Maximilian Schott, Daniel Kucevic, Holger C. Hesse, Andreas Jossen

“corresponding author: anupam.parlikar@tum.de

An increasingly large number of battery electric vehicles (BEVs) and electric buses are hitting the roads
globally each year. These numbers are expected to grow further in light of ever-more favourable costs, and
improved battery technology that addresses concerns about range anxiety and charging times. This upward
trend in electrification of the automobile sector essentially shifts the mobility energy demand from the oil &
gas sector to the electricity sector. Power transmission bottlenecks in the grid, caused on the supply-side by
periods of strong renewable generation, may get further aggravated by adding demand-side bottlenecks to
the mix as well. The grid, at several locations, will need to be overhauled to be able to supply huge bursts of
power intermittently to cover large power demands to support fast-charging simultaneously at multiple
locations. This can entail huge monetary investments for the upgradation of grid infrastructure. Battery-
assisted high power charging (BA-HPC) is thought of as a convenient solution to this problem. This solution
enables demand-side peak- load shaving, and draws energy more uniformly over extended periods of time.
While this solution may well be economically profitable in some cases, an investigation of the environmental
impact of this solution can yield interesting insights, and aid decision-makers by identifying scenarios in which
one solution is more favorable over the other. This is crucial, since the rationale for shifting to electromobility
is the curbing of greenhouse gas emissions. In this work, we employ in-house python-based time-series
analysis simulation tools to simulate the grid reinforcement and the battery energy storage systems, and
present comparative lifetime emissions analyses for both solutions in a variety of configurations.
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Can the environmental impact of wind turbines be
reduced through design?
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Wind turbines capture kinetic energy from the wind to produce electricity without directly releasing pollutant
emissions. Even though the overall environmental impact of electricity from wind is significantly lower than in
the case of fossil-based sources, there is still a significant potential for improvement.

Indeed, multiple processes at different stages of the life-cycle of a wind turbine can have a negative impact
on the environment. For example, the extraction of raw materials — such as the rare-earth elements present
in the generator — can have a significant environmental impact; similarly, the end-of-life treatment of some
components with limited recyclability, such as the blades — generally made of reinforced thermoset polymers
— might release polluting emissions into the atmosphere.

With an ever-growing number of wind turbines being manufactured, but also decommissioned, time is ripe to
accelerate the efforts to make wind energy even more sustainable. This is a substantial and highly multi-
disciplinary challenge, which is already being tackled from different perspectives.

This work proposes to approach this challenge from a design point of view. While modern wind turbines are
generally designed for minimum levelized cost of energy, this work proposes to consider the sustainability of
the different processes involved in the entire life-cycle of a wind turbine already at the preliminary design
stage. The work is organized in two parts. __IoE breakdown by components

N
=]
T

The first part analyses the environmental impact of modern
wind turbines. An impact model is here formulated, which,
following a life-cycle assessment (LCA) methodology,
quantifies the environmental effects of all the different life-
cycle phases of a wind turbine in terms of equivalent
greenhouse gas (GHG) emissions. The application of the
impact model to an onshore 3.4 MW reference machine
unveils the uneven environmental impact of the different

N w
o [=)
T T

Relative 1oE contribution [%]
=

0

components during the turbine life cycle (Figure 1). Indeed, N

the study identifies the tower as the component with the h ¥ (,0\306

highest environmental impact, due to its large amount of Wind turbine components

steel, being responsible for 40% of the overall environmental Figure 1. Contribution of each component to the

impact. overall environmental impact of a wind turbine.
£20 — The second part focuses on the formulation of a novel eco-
3 . A g::g:i:g:; conscious design approach. This approach considers the
S 15 g Generation 20| | environmental impact of the wind turbine during its lifetime. The
5 = reference turbine is here redesigned based on the new
=10 " proposed environmentally aware criterion. A family of Pareto-
w B optimal wind turbines is obtained by minimizing the two
c i ] | objectives represented by the overall environmental impact of
] % ) . energy and its levelized cost (Figure 2). This family of solutions
s O > = | =T | trades benefits to the consumer (in terms of a reduced LCOE)
£ P e T ‘ with benefits to society (in terms of a reduced environmental
Qs 0 5 10 15 20  impact).

Difference in LCOE [%] wrt baseline . .
Figure 1. Pareto-optimal front obtained by Furthermore, the scope of the design approach is broadened by

minimizing levelized cost of energy (LCOE) and alSO considering the impact of the turbine in the grid GHG

environmental impact (IoE). The black dot €missions.
represents the baseline.
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Environmental Effects of Digitization for Smart Grid
Use Cases — a Life-Cycle Perspective
Daniela Wohlschlager?, Tizian Mullritter®
adwohlschlager@ffe.de, Ptmuellritter@ffe.de

In combination with the integration of decentralized renewable
s energies (RE), the progressing electrification of the heating and

%_Gridf"w mobility sector stresses historically established distribution grid
° structures. Regarding the expansion of electric vehicles (EV),
2 e vehicle-to-grid (V2G) concepts can serve as grid stabilization
£ measures for distribution grid operators (DSO). By applying
= 77 bidirectional charging strategies, EV batteries become flexible
g 1 ofICT storage elements that can both withdraw and feed electricity back to
| 8lalls the grid as needed. Thus, the investigated V2G-use case allows the
= |82 & DSO a flexible control of bidirectional EV charging for grid
sl = i ati i i Ut
R | et stabilization purposes. Despite the potential contribution to
g z & E e.g. Efficiency decarbonization, the implementation of required information and
21212 |3 Gt communication technology (ICT) and data processing causes a
il AN % ptimization i i .
o @ Effects ;- certain expenditure of energy and resources. This includes the
=] v gon . . . . .
5 T establishment and operation of a standardized communication
~§ mﬂ“’cwug."*jwm infrastructure between the flexibility asset (e.g. wallbox) and external
. eg;efﬁﬂ“;actof‘ﬂ market participants (e.g. DSO), provided through the rollout of
ot tog ™ intelligent metering systems (iMSys). As displayed in Fig. 1,
I First-Order Effects RE- environmental effects of ICT-based products or services can be both
Higher-Order Effects positive and negative and are distinguished between first-order
Figure 1: Environmental effects of ICT (direct) and higher-order (indirect) effects [1], [2]. Accordingly, first-

within smart grids, based on [1], [2] order effects consider the energy demand or emissions resulting from
a life cycle assessment (LCA) on components. Higher-order effects
concern effects beyond the technology perspective, including rebound effects caused by user behavior, or
system-wide effects, e.g. impacts on grid expansion RE integration.
The purpose of this work is to provide a
method to quantify direct environmental i! ."-i )
effects associated with smart grid use B
cases. The method is applied on the PN
V2G-use case for grid stabilization. Fig. 2 | ---—-——————-——
shows the resulting system boundaries of

parameters for a sustainable technical || i :

design of digital infrastructure based on |1
empirical results. For a holistic |.___ i1
environmental assessment, further
investigations on higher-order effects are ~ — ! Componentsexcludedin LCA =) Communication networks

1
the LCA. The assessment includes |' e _ E-Mobility Service il

| . ctronics) Provider e=
components on a household level |1~ ;7" N
(wallbox, iMSys, other devices) as wellas |, !Cognecgon! LRy ) 4
. . oin i \
impacts caused by data processing. || '--——- ! — ! —
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recommended- mME = Modern Metering Device, SMGW = Smart Meter Gateway

Figure 2: System boundaries for the LCA to assess direct effects of V2G
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Assessment of Active Centers on Transition Metal
Surfaces for the Oxygen Reduction and Evolution

Reactions

Regina M. Kluge?, Richard W. Haid®, Thorsten O. Schmidt®, Aliaksandr S. Bandarenka®
aregina.kluge@ph.tum.de, Prichard.haid@tum.de, °th.schmidt@tum.de, bandarenka@ph.tum.de

To economize the resources of our world, research should focus on the use of sustainable technologies such
as fuel cells and electrolyzers. However, their potential is limited by the sluggish reaction kinetics of the
oxygen reduction (ORR) and evolution (OER) reactions. Suitable electrocatalysts are needed to overcome
these issues. Fundamental for smart catalyst design is the knowledge of their active sites. Here, we
demonstrate a valuable tool for the in-situ identification of active sites with a resolution down to the nanometer
or even atomic scale.

The technique is based on electrochemical scanning tunneling microscopy (EC-STM) which provides
potential control to allow (“on”) or inhibit (“off”) a reaction at the sample surface. In the course of a reaction,
continuous changes in the composition and structure of the tunneling medium lead to continuous changes in
the tunneling barrier. Thus, the STM signal exhibits an increased noise level for reaction “on” compared to
“off”. The noise is especially pronounced over active centers. This is sketched in Figure 1a and b, where
active sites are colored in rose. From the noise in the STM signal which is confined to a certain active area,
we can assess the local reactivity.['"! We report here the ability of the n-EC-STM technique to examine state-
of-the-art model systems: Pt-based catalysts for the ORR and Iridium Oxide for the OER. An example of such
a measurement on an IrOx surface under OER conditions is shown in Figure 1c. An increased noise level
can be seen when the reaction is switched “on” compared to “off”. In Figure 1d, height profiles in scan direction
across the step edge marked in ¢ are given. When the OER is “on” (blue), multiple spikes can be seen in the
STM signal compared to “off” (brown).!?!

L
i

Detected Signal

Scan Direction

Scan Direction (nm)

Figure 1. | a,b) Principle of the n-EC-STM technique to identify electrocatalytically active sites. c,d) n-EC-STM
measurement on amorphous IrOx in 0.1 M HCIO4. Reprinted from reference [2]. © 2021 Elsevier Inc.

[11 R.W. Haid, R.M. Kluge, Y. Liang, A.S. Bandarenka, Small Methods 4 (2021) 2000710.
[2] R.M. Kluge, R.W. Haid, A.S Bandarenka, J. Catal 396 (2021) 14-22.
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Highly Resolved Imaging of Active Sites for Carbon-
Based Electrocatalysis under Reaction Conditions
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Due to the abundance and electrochemical versatility of carbon, it is becoming an increasingly popular
material for electrocatalytic applications. Whether it is used as a support material, as a catalyst or even as a
bifunctional catalyst, understanding at which surface sites reactions occur is of fundamental value. In this
light, we employ electrochemical scanning tunneling microscopy (EC-STM) to in-situ evaluate the behavior
of electrode surfaces and to identify the nature of the active sites.” The technique combines the monitoring
of the sample surface on the nanoscale with the control of the reaction conditions. In consequence,
experimental distinction between inactive and active sites of a catalytic system can be achieved by comparing
the noise level of the respective recorded signal. If the scanning tip is positioned over an inactive site, the
tunneling current will be stable. Over an active site, on the other hand, reactions occurring within the tunneling
gap will influence the EC-STM signal which can be observed as locally confined noise features, superimposed
on the surface morphology.

Here, we examine highly ordered pyrolytic graphite (HOPG) in alkaline and acidic media as a model system
for carbon-based structures. In alkaline medium, we compare the activity of specific surface sites under
oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) conditions (Figure 1a) .2 In both cases,
predominantly steps and defects are active. However, in case of the OER, the terraces also play a role. For
the hydrogen evolution reaction (HER) in acidic media, it was possible to identify individual active sites on the
‘honeycomb’ structured surface with down to atomic resolution (Figure 1b).3

a) |'|
| Oxygen I
Reduction

Reactions
‘Offl

Oxygen
Evolution

{ih+— Active Sites

¢¢¢¢¢

Figure 1: a) n-EC-STM measurement of a step under ORR (red) and OER (green) conditions, as well as during reaction ‘Off’
(blue). The most active sites in both cases can be found at steps, indicated by the distinct noise spikes at these positions

compared to reaction ‘Off’. Terraces are inactive towards the ORR, however, they do play a role in the OER.2 b) Atomically
resolved active sites on HOPG under HER conditions. Bright spots in the measurements indicate active centers. They can
be observed predominantly at step edges and defects, while the basal plane (terrace) remains inactive.?
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A process approach for reactive power planning
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Due to the energy transition in Germany, the generation and load composition changes. For voltage stability
aspects compensation systems and large-scaled conventional power plants satisfied the reactive power
demand so far. In future, latter reactive power sources are deactivated and reactive power as a product for
the system service voltage maintenance has to be procured by market-based mechanisms in order to fulffill
the decisions of the European Commission. Therefore, grid control and planning processes for reactive power
management have to be adapted or renewed.

Grid data, technical and economical This work presents a new process approach for reactive power
parameters of reactive power sources management, which is designed modularly and consists of three
sub-processes (I-ll), see Figure 1. The aim and the output of the
process is the identification of the amount and the location of new
reactive power sources (e. g. compensation systems) to fulfill the
demand technically and economically efficient. The process is
designed for a holistic application in transmission grids and
subordinated distribution grids until grid level four and considers
decentralized renewable energy plants as sources.
For this investigation, different input data are necessary. Firstly
grid data are required, which means a load flow simulation model
of the grid including system-dimensioning P- and Q-data of the
generators and loads, representative switching states and
/Necessary reactive power CaPaCiW/ control behavior models of grid elements, e. g. Q(U)-control at
energy plants or transformer tap controls. Secondly technical and
economical parameters of existing and installable reactive power
sources provide information to characterize the potential of the sources in sub-process Il in its amount,
availability, reliability, retrieval time, fixed and variable costs and also local technical efficiency.

Reactive power planning process

Il. Analysis of the |
reactive power po-
tential (source-side)

Ill. Techo-economical evaluation and
decision

Figure 1: Reactive power planning process

The decision in sub-process lll is based on two pillars: the analysis of the voltage deviation demand (I) and
the analysis of miscellaneous reactive power sources (ll). For the analysis of the demand-side () load flow
and contingency calculations are carried out in order to determine the relative and absolute voltage
deviations. The process user is able to Oh ' M 0
Ty I

define the voltage limits dependent on
e ettt {1 il

the system state and a tolerable
voltage demand can be evaluated for
each grid node by duration-curves, see
Figure 2. In sub-process Il all relevant
reactive power sources are technically
and economically analyzed. In order to 6570 [ M m \

hours of year

g G
voltage demand (n-0-state) in kV

N } | “HH“ ‘ |

)
th

consider the local character of reactive

power, dV/0Q-sensitivity-factors  are 2%
calculated to quantify the efficiency of the
Q-injection of the sources to the demand grld nodes

nodes of Figure 2. In the last sub- Figure 2: Duration-curve-heatmap of the voltage demand for the base
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In this poster we present lemlab, an open-source software toolbox for
agent-based development and testing of transactive local energy
market (LEM) applications. With the continually increasing
penetration of fluctuating decentralized renewable energy sources
(DRES) into modern power grids, LEMs present a potential solution
to maintaining system stability by allowing the modern prosumer to
participate in the liberalized market. Development of LEM
applications requires extensive simulation and testing, with a
significant portion of development time being devoted to the design
and development of simulation tools. lemlab is a modular and

extensible simulation toolbox for the development and evaluation of LEM applications that provides pre-
implemented scenario generation, agent-based trading strategies, a forecasting library, real-time capabilities,
rolling-horizon convex optimization, as well as established and novel market clearing algorithms. This enables
the rapid development of robust and real-world capable LEM applications.
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The progress of hybrid perovskite materials has amazed the scientific community in the photovoltaic field,
demonstrating a rapid progress in the performance within the last 10 years reaching above 25% power
conversion efficiency. Now the investigation of ways to move from lab methods (e.g spin-coating) to large-
scaled production is required. Those methods include, e.g. roll-to-roll deposition, spray coating or sputtering.
One of such roll-to-roll compatible methods is slot-die coating, which has several advantages: low waste of
the used material, higher speed of production and possibility to print on a flexible substrate.

To reach highly homogeneous and defect-free, uniform films, two-step methylammonium lead iodide (MAPI)
deposition is implemented. 4-tert butyl-perydine-assisted and methylammonium iodide-seeded solutions of
lead iodide in dymethylformamide/dimethyl sulfoxide with different ratios as well as their combination are
synthesized by slot-die coating with a home-built printer. Surface morphology is altered by addition of this
solvents and those changes are investigated by SEM and XRD. Preferential orientation is studied by
GIWAXS. Conversion to MAPI is tested and analyzed by XRD.

Results of this work can improve the quality of depositing Pbl2-films in two-step perovskite deposition method
leading to full conversion of perovskite and better quality of final layer.
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Buildings play a versatile role in the life of humans and its surroundings. Occupants spend in average more
than 90% indoors, buildings consume around 40% of our resources and energy. With increasing awareness,
innovation and technology and the pressure of climate change, the quality and energy efficiency of buildings
increased. However, A study by BPIE (2017) together with data of the EU Building Stock Observatory
concluded that 97% of the building stock needs to be upgraded and only less than 3% achieve an energy
standard of A. Motivation for deep building renovation is low and the high investment costs are mostly
considered as investment with long payback periods. The reason for these unfavorable balances is the focus
on only one main benefit of improving the energy performance of buildings: energy, respective energy cost
savings.

The presented paper will extend this framework by introducing a complex network of multiple, wider benefits
of energy efficiency, beyond energy cost savings. For the first time, this conditional network highlights the
causal chain of direct and indirect effects of renovation measures in social, environmental, and economic
means. It defines parameters, expected utilities and output formats which will support the quantification of
these benefits and therefore enriches the long-term building renovation strategies with new arguments and
monetized values which can even lead to reduced payback periods. The presented network is currently
transposed into a Bayesian network which will be integrated into a comprehensive decision support tool.
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Figure 1: The network structure for the socio-economic assessment of building energy efficiency

References: BPIE 2017. “97% of the buildings in the EU need to be upgraded”. Factsheet. Building Performance Institute Europe.
https://www.bpie.eu/wp-content/uploads/2017/12/State-of-the-building-stock-briefing_Dic6.pdf. Last Update: 12.2017, Accessed: 26.01.2021.
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In this research building emissions are identified and structured. Besides greenhouse gas (GHG) and CO»-
emissions these include further emissions with impact on people and the environment. Based on a systematic
state of research a method to cluster buildings emissions and their occurrence is developed. Therefore,
planners and decision makers are being helped in creating emission-free and positive buildings.

Global warming, pollution, environmental degradation, loss of biodiversity, waste and social conflicts count
as the most important global challenges today. Facing these, a change and paradigm shift in the building
sector as well as our society from less bad to positive has to be achieved. Since the building sector causes
up to 30% of CO2-emissions and 60% of generated waste in Germany, it plays a large role speaking of climate
change mitigation [1, 2].

Although GHG are amongst the most important factors regarding global warming and climate change, there
are no regulations for single buildings as there are for energy efficiency (e.g. EnNEV/GEG in Germany).
Moreover, there are lots of other emissions associated with buildings than GHG. In the following, these are
identified and allocated in three different areas regarding their direct impact: global emissions, emissions by
the building on the onsite environment (local) and emissions inside the building (interior). An overview is
described below and also shown in Figure 1.

On the global scale, the most important gas regarding global warming is

@ COg. Further GHG, e.g. methane and nitrous oxide, follow by a wide
Q margin. [3] However, there are further emissions like ozone depletion,
photochemical ozone creation, acidification and eutrophication which are

taken into account when identifying a building’s environmental impacts

on terrestrial and aquatic habitats using the life cycle analysis

methodology.
On a local scale emissions and other pollutants with risk to human health
() ¢ can be caused by burning fossil fuels or wood. Also, water and ground
= loral can be polluted by leaching from building materials and products such as

i roofs, facades or coatings.
Since humans spend up to 90% of their time inside of buildings, they get
a lot in contact with interior materials including floorings, coatings or
furniture. Therefore, (indoor) air quality and material health plays a significant role and urban air quality will
be an important health issue in the future. [4, 5] Especially the selection and choice of building materials in
early planning stages can contribute to a healthy indoor environment.
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To fulfill the world’s steadily increasing primary energy demand, current research is strongly focusing
on the development and investigation of more sustainable energy sources. Renewable energy
technologies like solar photovoltaic, hydro or wind power are nowadays already in commercial use.
However, an issue that is often forgotten in the efforts to cover the energy demand is the huge
wastage of energy as heat waste. Not only in industry, also in our daily live, like in our cars, mobiles,
bad insulated buildings or even our own human bodies a lot of heat is created. As this heat mostly
just dissipates unused into the ; )
environment, like that around 66 % of the electrical power generation

global produced primary energy is just
lost.[1] Therefore, it would be of immense
importance if we are able to recycle this
“lost energy” and convert the heat directly
back into electrical power. For this
purpose, thermoelectric (TE) materials
provide a very promising way, as applying
a temperature gradient on this kind of T
semiconducting materials leads to the

‘coLb
formation of a usable electrical voltage. HEAT WASTE
The hereby-underlying basic working

principle is the so-called Seebeck effect.

= m

THOT

Our research is focusing on organic thermoelectric polymers, as these own some advantages over
the so far commercially used inorganic TE materials. As in, organic polymers are usually non-toxic,
lightweight, flexible, and enable a large scale, low-cost solution based processability. However, the
performance of these organic TE materials can so far not compete with the inorganic ones.
Therefore, we are working on different treatment approaches to improve the TE performance of the
non-toxic and water soluble organic semi-conductor PEDOT:PSS. With a treatment of ionic liquids
(ILs), we have been successful in strongly increasing the conductivity and Seebeck coefficient of
PEDOT:PSS thin films, which are both properties essential for a good TE performance.[2] With a
variation of measurement techniques we investigate the morphology-function relation of the ILs
treatment on PEDOT:PSS. Our current study is focusing on the stability of TE properties of these
ILs treated polymer films under operation at elevated temperatures. It is important to understand the
behavior of the films during long-term operation, and the thermal TE stability is a crucial condition
for a possible future application.
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Nanostructured titania films have attracted great attention due to their non-toxicity, low cost and morphology
controllability, etc. These advantages enable them to be successfully applied in many fields, such as,
photocatalysis, lithium-ion batteries and photovoltaics. Especially, anatase titania with interconnected
network structures as well as a high surface-to-volume area is desirable as an electron transport layer in
solid-state dye-sensitized solar cells (ssDSSCs) and hybrid solar cells. Until now, ssDSSCs based on
interpenetrating titania networks can achieve high performance (up to 11.9%). Also, impressive efficiency of
25.2% has been reported in the hybrid perovskite solar cells. However, these advances all closely depend
on the evolution of a superior sensitizer (dye molecules, quantum dots, perovskite-sensitized) or a hole-
transporting material. Only a few researches exist targeting whether tailoring the titania could further improve
the photovoltaic device performance. For example, Song et al. obtained more efficient titania photoanodes
via incorporating with a presyntheised crystalline titania nanoparticles.!”! Duan et al. designed TiO./GeO,
nanocrystallite anodes with an attempt to increase the photogenerated electron density in the conduction
band of the titania nanocrystallites and interference light intensity.? In this study, we introduce dodecyl
functionalized germanium nanocrystals (GeNCs) with a size of = 7-9 nm into the titania films for better solar
cell performance.

Different weight contents of GeNCs are added to the titania sol-gel solution. During thermal annealing in
argon at 500 °C, the templating block copolymer is combusted as well as the organic ligands on the surface
of GeNCs. Finally, mesoporous TiO,/GeNC composite films are obtained. Resulting surface and inner
morphology changes are investigated by scanning electron microscopy (SEM) and grazing incidence small-
angle X-ray scattering (GISAXS), respectively. The crystalline properties and elemental composition of the
TiO2/GeNC composite films are observed via X-ray diffraction (XRD), transmission electron microscopy
(TEM) and X-ray photoelectron spectroscopy (XPS), respectively. The optical properties are investigated by
ultraviolet—visible spectroscopy (UV-Vis). Through the incorporation of GeNCs with varied weight percent,
the optimized morphology and properties of TiO2/GeNC composite films for solar cell application are studied,
providing a promising photoanode candidate.
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Figure 1. SEM images of the mesoporous TiO2/GeNCs films after thermal annealing in argon at 500 °C: (a) 0 wt%, (b)
0.5 wt%, (c) 1.0 wt%, (d) 2.5 wt% and (e) 5.0 wt%.

[1] L. Song, W. Wang, V. Korstgens, D. Mosegui Gonzalez, Y. Yao, N. K. Minar, J. M. Feckl, K. Peters, T. Bein, D.
Fattakhova-Rohlfing, G. Santoro, S. V. Roth, P. Miller-Buschbaum, Adv. Funct. Mater. 2016, 26, 1498.
[2] Y. Duan, Q. Tang, Z. Chen, B. He, H. Chen, J. Mater. Chem. A 2014, 2, 12459.
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An emerging approach for large scale grid integration of wind power involves hybridizing the wind energy
system with batteries [1]. Operating such a hybrid plant in closed loop with an economically optimal controller
can allow profit optimal operation, while adhering to the grid requirements and generating additional revenue
by providing grid ancillary services [2]. The present work focusses on economic control and operation of a
grid-connected wind turbine and Li-ion battery based hybrid energy system using an online economic
nonlinear model predictive controller (ENMPC) in closed loop. The ENMPC directly balances between the
revenue obtained from power generation and costs due to cyclic fatigue damage of wind turbine tower and
cyclic capacity loss of the considered Li-ion battery while respecting the system constraints as well as those
imposed by the electricity grid. The control variables are generator torque and pitch angle of wind turbine and
charging/discharging power of battery.

................................................................................
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i —— formulate associated
‘guess — .
cyclic damages as an

optimization objective [3].
This includes
externalizing the cyclic
fatigue evaluation (see
“pre-processing” block in Fig. 1) from MPC optimization step, to generate time varying parameters for
accurate calculation of optimization sensitivities. To the best of our knowledge, a direct economic optimization
by simultaneous consideration of wind turbine and battery damage against energy generation in an MPC
framework has not been previously reported. This is possibly because the standard cyclic fatigue evaluation
approaches, such as Rainflow algorithm, do not have an analytical formulation and contain algorithmic
branches and loops resulting in a discontinuous output-behavior. This does not allow calculation of
sensitivities required for standard gradient-based optimization techniques such as MPC.

The initial results for the formulated economic controller using novel PORFC algorithm show profit gain with
suitable dynamic performance against a realistic base-case controller. Moreover, the explicit consideration of
stress cycles from past in the controller results in enhanced economic performance. The controller also
displays robustness against model disturbances such as wind speed. This motivates extending the approach
towards more complex dynamical systems such as wind farm and solar plants based hybrid systems
participating in modern grid ancillary services for obtaining profit optimal dynamic operation.

[1] Zhao, H., Wu, Q., Hu, S., Xu, H. and Rasmussen, C., 2015. Review of energy storage system for wind
power integration support. Applied Energy, 137, pp.545-553.

[2] Jahanbakhsh, F., Davoudi, M., Zamani, V., Yousefpoor, N. and Proudfoot, D., 2017. BESS performance
assessment for integration of wind generation. 2017 IEEE Industry Applications Society Annual Meeting.

[3] Loew, S., Anand, A. and Szabo, A., 2021. Economic model predictive control of Li-ion battery cyclic aging
via online rainflow-analysis. Wiley Online Journal: Energy Storage.

31



www.mw.tum.de/en/wind

TUTI

Stable Colloidal Quantum Dots Inks Enable Infrared

Solar Cells via Printing

Huaying Zhong?, Wie Chen® Peter Miiller-Buschbaum®
ahuaying.zhong@ph.tum.de, "wei.chen@ph.tum.de, muellerb@ph.tum.de

Colloidal quantum dots (CQDs) have generated great interests in the various optoelectronic devices
in view of their size-tunable bandgap, low-temperature solution processability. Lead sulfide (PbS)
CQDs, with strong absorption coefficient and large Bohr radius, enable solar cells to harvest infrared
photons of the solar spectrum beyond the absorption edge of crystalline silicon and perovskites.
Recently, the CQD ink from solution ligand exchange[1] allow the active layer in a single step
by large-scale manufacturing processes, which has been demonstrated to realize high-performance
solar cells[2]. However, the unstable amine solvent (i.e., n-butylamine) for CQD ink causes QDs'
surface etching and degradation, and its low boiling point is incompatible to scalable fabrication
techniques.

The excellent passivation, high charge transport and good colloidal stability in ligand exchange are
required for high quality CQD ink. Moreover, various solvents and their mixes are paramount of
importance in the ink rheological properties such as boiling point, polarity and concentration,
affecting the optoelectronic properties of the printed films via slot-die coating. Herein, we focus on
the solvents for ink deposition using meniscus guided slot-die coating. We employ N-methyl-2-
pyrrolidone (NMP), N-methylformamide (NMF) and N,N-dimethylformamide (DMF) to mix
respectively with n-butylamine(BTA) in appropriate volume ratios, studying the solvent effect of CQD
ink on carrier transport and morphology control in the final film and CQD solar cell performance.
With scanning electron microscopy (SEM), atomic force microscopy (AFM), and grazing incidence
small-angle X-ray scattering (GISAXS), the surface morphology and inner structure of printed films
is studied. We study their charge carrier dynamics with transient absorption (TA) spectroscopy, and
their optical properties with photoluminescence (PL), UV/vis absorption spectroscopy. In addition,
we fabricate the infrared solar cells based PbS CQDs film via slot-die coating and measure external
quantum efficiency (EQE) and the corresponding the power conversion efficiency (PCE).
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Objective

The ongoing research project ‘'OREWA'’ (Optimization and restructuring of district heating networks including
evaluation of transferability, ecology and economy, grant number FKZ: 03EN3005) aims to form a generally
valid catalog of optimization measures for district heating networks (DHNs). Strategies to reduce losses in
rural DHNs are analyzed using the example of two existing ones. The aim is to improve DHN with low-
investment measures. This should enable them to be operated cost-efficiently in the future.

The catalog summarizes already published studies and includes the results of the ongoing project
investigations. The economic expenditure and the potential savings of the respective measure are evaluated.
Besides, the retrofitting of already installed district heating substations (DHSs), an innovative operating
strategy as well as the integration of existing renewable sources into the DHSs will be investigated.

District Heating Substations

The hydraulic setup of DHSs has a high influence on the return temperatures. Significantly lower return
temperatures have already been achieved for multi-family houses through hydraulic modifications
(Stadtwerke Minchen et al., 2014). Improved control strategies for DHS can also reduce return temperatures
and volume flows in the DHN (Gustafsson et al., 2010; van Oevelen et al., 2018). In the current project the
existing DHS are being upgraded to be cost-efficient. Typical consumers in the specific DHN are single-family
houses. Therefore, the scope of costs is smaller than for other objects.

Central Operation Strategy

An innovative operation strategy will be examined on a simulation-based method. Schedule-based operating
strategies are examined, to lower feed temperatures on an annual average (Euring, 2017; Leoni, 2018).
Achieving this, the DHS will be upgraded with a controller that can communicate with the heating center of
the DHN.

Optimized Integration of Renewables

In Germany, decentralized heat sources like solar thermal systems are common, especially in rural areas.
Decentralized heat sources have a negative impact on the efficient operation of DHNs. Hence, an overall
operating strategy is to be developed and investigated.

Results

A preliminary evaluation of the economic and ecological benefits of optimization measures is presented.
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Due to the rapid population growth and continuously

_f increasing energy demand, the provision of energy
hydregenengine} — from renewable sources is inevitable with regard to
combating global warming.[1] However, effective

f=|H, fueling station
_ ways of storing the energy obtained have to be

+[ battery HelectrulyzerH e }a e | found. The so-called power-to-gas (PtG) concept is a
promising solution for this. Hereby, the energy from

| methanation renewable sources is converted into hydrogen via
g electrolysis of water and is then converted with CO;
hydrocarbons into methane as part of the so-called methanation.[2]
To produce methane effectively, highly active,

selective and stable catalysts are needed.
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Co-precipitated Ni-Al materials meet all these
requirements and are an excellent choice as NiZ AP+
methanation catalysts. Yet, their detailed structural
changes remain open questions. For that purpose,

we synthesized catalysts with different Ni/Al ratios » |° °'pre°'p'“7 » [\derml » m
(nni/nar = 5 — 0.33) which were calcined in synthetic wron| - AL
air and afterwards activated under H, atmosphere. | AT L e THEAENMO
The materials were characterized in detail using

various techniques. Their aging behavior was
investigated using the methanation reaction as a
model.

The co-precipitated materials feature a hydrotalcite-like structure showing an increasing basal interlayer
distance with rising Al content. After calcination, this structure is transformed into a Ni-Al mixed metal oxide
(MMO). As coupling of XRD with TPR showed, the calcined materials feature the coexistence of a Ni-rich
crystalline phase as well as an amorphous Al-rich phase. Referring to the sample with nni/na = 1, according
to TPR measurements, Ni° originates partly from the crystalline NiO phase and partly from amorphous Al3*.
Possibly, the resulting lower Ni/Al ratio in the oxidic phases leads to the formation of coordinately
unsaturated O? sites, giving rise to medium basic sites.[4] CO.-TPD reveals that the basicity of the
investigated materials is mainly caused by OH groups weakly binding CO». During activation at 485 °C, in
situ medium and strong basic sites are formed. After aging under CO, methanation conditions, the Ni/Al
ratio in the bulk of the crystalline oxidic phase is further decreased, provoked by the high partial pressure of
steam. Accordingly, X-Ray PDF confirms the decrease of the Al-O and Al-Al bond distances. In addition,
near-ambient pressure XPS measurements gave rise to the formation of Ni hydroxyl species on the catalyst
surface which could be another deactivation pathway and is possibly accompanied by a loss of basic
surface sites and BET surface area.[5,6]
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Modern lithium-ion batteries display a remarkable deterioration under extensive cycling, where they
lose a part of their capacity and power. Such losses are caused by a variety of side reactions
occurring during cell operation like the formation of the solid-electrolyte interphase (SEl), loss of
active lithium, drying out of the cell etc. These side reactions occur at local places in the cell, which
result in the development and promotion of heterogeneous states (e.g. lithium distribution in the
electrode materials). The loss of active lithium is typically related to the growth of the SEI during cell
cycling, whereas the quantification of the electrolyte losses during the cell operation (vs. cell fatigue)
is not reported.
Classical ex-situ characterization of the cell components is usually supplemented by the extraction
of the cell materials and therefore by the destruction of the isolated state of the cell. This leads to
unavoidable changes in the state of the materials due to evaporation of electrolyte, oxidation of
electrodes, etc. occurring during ex-situ studies. The per se non-destructive methods based on high
energy X-rays or neutrons are typically not capable to quantify the amount of liquid electrolyte with
needed accuracy.
It has been found that at temperatures below 260 K a long-range ordering corresponding to frozen
state is built up in the series carbonate esters mixtures. This long-range order has been found
detectable by neutron
diffraction in cylinder-type Li-
ion cells, which opened new
» perspectives for non-
.. destructive quantification of
 the amount of electrolyte in
. frozen state. With the use of
' spatially-resolved diffraction
the amount of electrolyte can
also be spatially quantified in

Figure 1 a) Measuring volume of a 18650-type lithium-ion battery with corresponding different parts of the Cylm.der-
b) lithium and c) electrolyte distribution investigated with in-situ neutron powder diffraction  type battery. Besides this a

non-destructive quantification
of lithium inside the graphite anode was performed and compared to the relative concentration of
electrolyte (Figure 1). The evolution of lithium and electrolyte contents as well as their spatial
distribution were determined for a batch of cells cycled for a different number of cycles, where
different states of fatigue were stabilized.
A combination of electrochemical characterization, X-ray computed tomography and neutron
diffraction studies is applied to a batch of 18650-type cylinder cells based on NCA|C chemistry,
where high-resolution neutron diffraction independently reveals a direct correlation between the
volume-averaged losses of active lithium in the graphite anode and those of liquid electrolyte. The
spatial distribution of active lithium and electrolyte losses have been found to exhibit a non-trivial
relationship to the complex dynamics of capacity fading indicating rapid development of
heterogeneous states.

a) g by [
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Perovskite solar cells (PSCs) are one of the most promising photovoltaic technologies and reached

Perovskite precusor

& lonic liquid additive Spin Coating
|

|

e layer

Figure 1: Schematic illustration of the
preparation process of perovskite solar cells

;  Spiro-OMETAD

a certified 25.2% efficiency owing to their tuneable bandgap,
high carrier mobility, long diffusion length and so on." ?
However, defects can be formed in the fabrication process
regarding the nature of solution processing and rapid crystal
growth of perovskite thin films, thereby inducing the
increased trap density and the decreased performance of
PSCs. In this work, an ionic liquid additive is used to
eliminate the aforementioned defects, and a pinhole-free
and fully coverage film was obtained, leading to an

enhancement of power conversion efficiency (PCE) and

long-term stability. The improvement of PCE and stability
can be ascribed to the enlarged grains and suppressed ion
migration with the addition of the ionic liquid. In particular,
the influence of the ionic liquid additive on the structure,
morphology of perovskite film and also long-term stability of
devices is studied using in situ grazing incidence wide-angle
X-ray scattering (GIWAXS).
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The turnaround in the German energy policy is leading to an increasing expansion of renewable energy
sources (RES) in the distribution grid. Also, a rising demand for electromobility can be expected, which may
contribute to a further exhaustion of the permissible voltage ranges and line loads. In order to increase the
absorption capacity of the distribution grid, various solutions have been developed and established in the
past. An additional tool for resolving grid bottlenecks and voltage problems is the time shifting of feed-in and
consumption loads in the medium-voltage level. These so-called flexibility measures are not yet state of the
art. In order to provide a high benefit by contributing to an efficient saving of assets, they must be implemented
in the grid planning.

The investigation of several urban and rural grid areas shows, in addition to the expected differences in the
level of power demand due to the respective grid topology, a very individual behavior with regard to the
temporal distribution of limit violations. Therefore, a characterization transferable to all grid areas is introduced
to describe the grid-side flexibility requirements. For this purpose, first the minimum and maximum reference
power of a provider Prermin and Pretmax have to be determined, between which the respective consumption
load/supply has to be located at any time. This reference power range can vary, for example, depending on
the season, the day of the week and the time of day, and makes it possible to infer the required or available
flexibility power APmax (load-increasing) or APnin (load-reducing) (see Figure 1).

. P
The flexibility E?ad At Aty Aty Afops
measures can be ~ £__2 & oo T oTTTT o A . SO .
specified in terms of AP i _-_ P |

time  via  the Prgrmax A | .

specification of 5 : NI
operating time 1 Refmin o vy : - -
windows  Afwiwa,... 30 Dé * AP & .

with the start times 60 % - APy ¥ :

fwiwo,... From the AP = >t
grid planning point ! ! ' ' k -
of view, a provider © © t 12 18 O £ 6t 12
must basically be AR 28 "0

able to provide its fo Aty fs Aty

offered flexibility for
the entire duration and
in the full amount of power. The actual and only arise
during grid operation. It is also interesting whether the flexibility power can be called up in a fixed, staged
(30/60/100 %) or variable manner and whether the flexibility calls can potentially be split within the operating
time windows. For the planning on the grid and supplier side, it must also be determined which break Atz is
between two operating time windows and with which frequency/probability of occurrence the flexibility calls
appear - in addition to checking the technical requirements, this also influences the economic calculation.

The characterization can be used, for example, to analyze how much flexibility energy must be deployed to
fully resolve voltage limit violations. Another possibility is to solve only a part of the problem by using flexibility
and to rely on a combination with feed-in peak capping instead. This approach is particularly useful if there is
not enough flexibility potential on the supplier side or if the full amount cannot be used economically.
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Antimony (Sb) has been regarded as one of the most promising anode materials for both lithium-ion

batteries (LIBs) and sodium-ion batteries (SIBs) and attracted much attention in recent years.[1]

How to alleviate the volumetric effect of antimony during change and discharge processes is the key

point to promote Sb-based anodes to practical applications. Carbon dioxide (CO2) activation is

applied to improve rate performance of the Sb/C nanohybrid anodes caused by limited diffusion of

Li/Na ions in excessive carbon component.[2] Based on the reaction between CO2 and carbon, CO2

activation can not only reduce the excess carbon content of the Sb/C nanohybrid but also create

abundant mesopores inside of the carbon matrix, leading to an enhanced rate performance.

Additionally, CO2 activation is also a fast and facile method which can perfectly adapt to the

fabrication system. As a result, after CO> activation, the average capacity of the Sb/C nanohybrid

LIB anodes is increased by about 18 times (from 9 mAh g~' to 160 mAh g') at a current density of
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Figure 1: Schematic illustration of the preparation process of the Sh-based
nanohybrids without CO: activation (Sb/C hybrid) and with CO: activation

References
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Moreover, the
application of the CO2-
activated Sb/C
nanohybrid as sodium-
ion battery anode is
also demonstrated,
showing a good

electrochemical

performance.

[1]1 S. Liang, Y.-J. Cheng, J, Zhu, Y. Xia, P. Miller-Buschbaum, Small Methods, 4(2020) 2000218
[2] S. Liang, Y.-J. Cheng, X. Wang, Z. Xu, L. Ma, H, Xu, Q. Ji, X. Zuo, P. Muller-Buschbaum, Y. Xia,

Nanoscale Advances, 3(2021), 1942-1953
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The transport sector is one of the main emitters of climate-damaging CO;and has the potential to contribute
substantially to the fight against climate change. A major lever to reduce emissions in this sector is the
electrification of transportation - especially of private cars. Policymakers worldwide have introduced in recent
years targets to increase electric vehicle adoption in their country. Germany itself has the target to raise its
electric vehicle fleet to 7 - 10 million until the year 2030 from 0.3 million nowadays. Despite that the adoption
of electric vehicles is growing, many consumers are deterred by the high initial purchase price of these cars
and often have limited knowledge of the potential cost savings during operation. The total cost of ownership
concept (TCO) creates full transparency on all costs occurring during the ownership of a car for the consumer
and can be adapted to specific user types.

For this reason, this paper aims to contribute to the existing TCO research with an analysis of the TCO for
Germany in 2020 with different typical user profiles. To be representative of the German market, we selected
for our analysis different vehicle segments and propulsion types and included actual cost data. We applied
the current subsidy scheme for low emission vehicles in Germany and compared it with the previous subsidy
scheme introduced in 2016. Furthermore, we introduced 9 different user types categorized by annual driven
distance and residential user type to investigate TCO differences by user profiles.

Our results show that even with the lower o

subsidies from 2016, full electric vehicles — T 52 63 B
are already a favorable economic option in W 1cEvC I PHEV (early 2020)
the compact segment and plug-in hybrid I BEV (carly 2020) [ PHEV (late 2020)
vehicles in the SUV segment. The
increased subsidy scheme in late 2020
has not significantly shifted the economic
ranking of different propulsion types in the
respective segments, but without question
accelerated electric  vehicle sales.
However, it even can be questioned if a
different incentivization could have been sualLiB) Compaet{T) SUVIS)

more cost-efficient and on the same time Figure 1: Total cost of ownership for sub-urban user with average

COUId_ _have _Changed some Ur?favorable annual driven distance (15,000 km) for selected segments and
conditions like the economic better propulsion types with subsidy scheme from early and late 2020

position of the plug-in hybrid vehicle [EURcent/km]
compared to the full electric vehicle in the SUV segment and the better economic position of internal
combustion vehicles compared to low emission vehicles in the small vehicle segment.

312 326

The findings show that while the purchase cost of the vehicle is the main cost category, insurance, parking
and fuel costs are the main differences between residential user types. However, the differences between
the user types are currently marginal and do not shift the economic ranking of vehicles between different user
types. With the adaption of these costs through for example a change of parking costs or a larger offering of
low-priced electric vehicle insurances in specific areas, it is possible to steer vehicle costs by specific user
types. This would enable for example policymakers to steer incentives to areas with high impact like the
reduction of emissions in traffic-dense urban areas.

39




TUTI

Impact of Smart Home on the Green Deal

Stefan Mirnseer?, Daniel Kierdorf®, Michael Vollmer®, Hannes Harter?, Farzan Banihashemi®, Werner Langf

3stefan.muernseer@jicloud.com, °daniel.kierdorf@tum.de, michael.vollmer@tum.de, “hannes.harter@tum.de,
efarzan.banihashemi@tum.de, ‘w.lang@tum.de,

In 2019, the Green Deal was adopted by the European Commission®. The aim is to minimize greenhouse
gas emissions to zero by 2050 and to become completely climate neutral. To achieve this goal, the
construction sector must also make its contribution to a climate-neutral environment. This is because a great
deal of energy and CO- emissions can be saved not only during the construction stage, but also during use
stage. All this is to be achieved with the help of building automation. Intelligent building automation can save
a lot of energy in buildings, in terms of energy consumption for heating, cooling and electricity. Furthermore,
life-cycle-based costs can be minimized, because such systems have much more far-reaching advantages.

A study on the user behavior of smart homes in 2020 by Bitkom e.V. came to the conclusion that a higher
quality of life and more energy efficient living are among the main aspects of users and prospective buyers.
Furthermore, a specially designed and conducted survey clearly showed that the indoor climate has a
tremendous impact on employees and is also very important to them.?2 However, it still keeps many off from
buying a smart home system because the initial investment is too expensive. Therefore, in this study a
profitability calculation is conducted, to analyze the amortization time of smart home systems and theirimpact
on a healthier indoor environment.

In order to carry out the amortization calculation, considering all relevant influencing factors (e.g., energy
saving, more effective employees, healthier employees), the focus is on the two aspects of energy efficiency
and indoor climate. Thus, the introduction and later staggering of the CO; tax of the federal government plays
arole and is included. Likewise, the topic of comfort of employees in office buildings is considered according
to the workplace directive.

In terms of operating costs, building automation can so save 29% of heating energy and 48% of electricity
consumption.® A good indoor environment with adequate air exchange rate, appropriate and adjustable room
temperature, good interior design and no air pollution can increase the effectiveness and productivity of
employees by 23% - 34%.* In addition, the health of employees is positively influenced, thus reducing
absenteeism by 5%.*

This amortization calculation is carried out using a net present value method based on a real practical
example. The office building of the company Nelhiebel Elektrotechnik GmbH, newly constructed in 2018, is
used for this purpose. The entire building was equipped with the latest technologies and high-quality
components across all trades. Through interfaces to protocols such as BACnet, DALI, Modbus, ZigBee, etc.,
all trades are integrated into the KNX bus technology. This variety of building technology and outstanding
building automation was not only certified according to the KW -40 standard, but also awarded by the ZVEH
and Wirtschaftsinitiative Smart Living in 2020 by winning the Smart Living Professional Award in the category
"Application in own company".

! Européische Kommission, Ein europdischer Griiner Deal; Available under: https://ec.europa.eu/info/strategy/priorities-2019-
2024/european-green-deal de.

2 Prochnow, J. Gebdudeautomation ist Gesundheitsvorsorge, Siemens Schweiz AG, (2020)

3 Siemens. Energieeffizienz in der Gebdudeautomation,

4 Krodel, M. (2020) Der Einfluss von Smart Building auf Wohlbefinden und Produktivitiit von Mitarbeitern im Biiro; Ottobrunn:
IGT-Institut fiir Gebdudetechnologie
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The production of synthetic natural gas (SNG) through the methanation of CO, with H, has gained wide
interest as a way to store and transport energy from renewable sources. As part of the power-to-gas concept
the highly exothermic Sabatier reaction [1] plays a crucial role in the establishment of a CO»-neutral energy
sector. For industrial applications, Ni-Al catalysts are well established for that reaction.

Using X-ray photoelectron spectroscopy (XPS), various Ni-Al mixed metal
oxide catalysts were analyzed. The experimental setup (cf. Fig. 1) allows to
characterize changes on the catalysts surface upon various reaction
conditions quasi-in situ. Aiming at characterizing the catalyst surface after
calcination, during activation and upon re-calcination, qualitative and
quantitative findings were derived from XP spectra.

Based on Ni 2p core level spectra, we were able to assign Ni?* species on

surfaces of various impregnated and co-precipitated catalysts in the calcined
state to either a mixed metal oxide NiAlO, or bunsenite (NiO). Deconvolution of the Ni 2ps2 spectra revealed
the detailed surface compositions of the analyzed samples.

After activation of the co-precipitated catalyst, the Ni?* surface species are almost completely reduced to Ni°
(cf. Fig. 2A). Quantification of the data further revealed the accumulation and formation of Ni° nanoparticles
on the surface. These findings are in good agreement with XRD data in literature [2].

A pressure gap could not be detected as XRD revealed the same Ni® particle formation for the catalyst
activated in a common reactor (cf. Fig. 2B). These findings ensure that the bulk is affected in the same way,
independent of the total pressure. As a result, we conclude that activation in our ultra-high vacuum-based
setup and subsequent XPS analysis provide representative results for the surface composition of technical
Ni-Al catalysts and their surface changes upon activation.
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A re-calcination treatment in the UHV setup directly following the activation leads to the re-formation of oxidic
Ni on the surface. Also a spreading of the Ni particles was observed, which were rebuilt as before upon a
further re-activation treatment.

[1] P. Sabatier, J.B. Senderens, C.R. Acad. Sci., 134 (1902) 689—-691.
[2] S. Ewald, M. Kolbeck, T. Kratky, M. Wolf, O. Hinrichsen, Appl. Catal. A 570 (2019) 376-386.
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Abstract

Li-and Mn-rich (LMR) layered oxides have received special attention as one of the most promising
next-generation cathode active materials (CAMs) for lithium-ion batteries due to their high energy
density and low cost [1,2]. State-of-the-art LMR materials typically possess a loosely packed, porous
morphology. However, a densely packed morphology can potentially achieve enhanced volumetric,
and gravimetric energy densities as well as improved processability during calendaring of electrode
sheets [3]. But our previous investigation showed an different electrochemical performance of dense
CAMs- compared to the established porous CAMs, which is predominantly caused by their
difference in surface area, and bulk strain. For example, dense CAMs, which has 5 times lower
surface area than porous CAMs presented inferior performance due to its limited contacted area
with electrolyte. Although the surface area turned out to be one of the key parameters to determine
the performance of LMR cathodes, the correlation between surface area evolution and morphology
during cycling has not been clarified yet. In this work, we conduct comparative tracking of surface
area evolution by Kr-BET analysis as a function of electrode compression, initial cycling, and state
of charge (SOC). Effects of CAM surface area on electrochemical performance are additionally
analyzed with rate capability test. The results confirm that surface area does not show meaningful
change until the 2nd cycle at discharged state, relative to the pristine CAM. However, a significant
increase of surface area (-up to 60%) is observed at high SOCs (charged states); Especially porous
CAMs show a 20% higher surface area increase than dense CAMs. During the rate capability tests,
the capacity gap between the porous and dense CAMs becomes considerably reduced when current
density is normalized by the actual surface area of each CAMs.

[1]1J. Helbig, T. Beuse, V. Siozios, T. Placke, M. Winter, R. Schmuch, Electrochimica Acta 366 (2021) 137413.

[2] J. Zheng, S. Myeong, W. Cho, P. Yan, J. Xiao, C. Wang, J. Cho, J.-G. Zhang, Advanced Energy Materials 7 (2017) 1601284.

[3] D. Schreiner, T. Zind, F.J. Glnter, L. Kraft, B. Stumper, F. Linsenmann, M. Schiller, R. Wilhelm, A. Jossen, G. Reinhart, H.A.
Gasteiger, J. Electrochem. Soc. 168 (2021) 030507.
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In order to limit climate change, Germany has set itself the goal of achieving climate neutrality by 2050. To
achieve this goal, the building sector plays a key role, as it is responsible for about one third of final energy
consumption and greenhouse gas emissions. [1] [2]

As part of the NuData Campus project (www.nudata.de), the feasibility of climate neutrality in the operation
of university buildings is being investigated on the basis of the building stock of the HM Hochschule Miinchen
University of Applied Sciences. The aim is to develop a life-cycle based climate-neutral energy supply
concept, taking the special requirements of educational buildings into consideration. This is intended to
provide a basis for maximizing the potential of practical implementation of climate neutrality in operation for
university buildings.

For the development of the concepts, a combination of a differentiated evaluation methodology is used.
Sustainable evaluation criteria based on a life cycle assessment (LCA) as well as building performance
simulations are applied.

First, an analysis of all current energy supply systems will be made with regard to their theoretical and general
suitability for climate neutrality. This includes data on efficiency, but also data that consider the life cycle of a
concept. Data from the current standardization as well as from the Okobaudat will be used. [3] [4] [5] [6] [7]
First of all, a catalog of criteria is defined for evaluation, which identifies the various factors by which a climate-
neutral building operation is influenced. The focus is on the transferability to other buildings.

The systems are evaluated according to the following criteria:

1. Feasibility: It is necessary to weigh up whether an energy supply concept for a building is
fundamentally feasible. This is a knock-out criterion. If a supply concept is not fundamentally feasible,
it is not considered further (e.g., ground collectors in inner-city areas because there is not enough
space available)

2. Efficiency: The efficiency of the individual systems is compared in an appendix of characteristic
values. These include: Efficiency, annual utilization factor, seasonal performance factor, coefficient of
performance, energy efficiency ratio and seasonal energy efficiency ratio

3. Resource use: The resource use for the life cycle phases A1-A3 (manufacturing phase or production),
B6 (energy use during use) and C3 (waste treatment) is considered

4. Environmental impact: The environmental impact is considered for the life cycle phase A1-A3
(manufacturing phase or production), B6 (energy input during use) and C3 (waste treatment)

The systems are then evaluated and selected on the basis of these specific criteria in order to identify the
techniques that are fundamentally most suitable for the required purpose. This procedure is carried out using
a representative building of the HM Hochschule Miinchen Univeristy of Applied Sciences.

In order to consider the actual functionality of the selected heating concept in more detail, an energetic-
thermal simulation is carried out. For this purpose, the technologies are implemented in the simulation
software IDA ICE. Finally, the concept that emerges as the most advantageous variant is to be transferred to
the detailed building model.

[1] Bundesministerium fir Umwelt, Naturschutz und nukleare Sicherheit (BMU), Hrsg., Klimaschutzschutzplan 2050: Klimaschutzpolitische Grundsatze und Ziele der
Bundesregierung, S.6-15 (2016)

[2] Bundesministerium fur Wirtschaft und Energie (BMWi), Hrsg., Energieeffizienzstrategie Gebaude: Wege zu einem nahezu klimaneutralen Geb&audebestand
(Kurzfassung), S.2f (2015)

[3] DIN EN 15804:2020-03 Sustainability of construction works - Environmental product declarations - Core rules for the product category of construction products; German
version EN 15804:2012+A2:2019

[4] DIN EN 15978:2012-10 Sustainability of construction works - Assessment of environmental performance of buildings - Calculation method; German version EN
15978:2011

[5] DIN EN ISO 14040:2021-02 Environmental management - Life cycle assessment - Principles and framework (ISO 14040:2006 + Amd 1:2020); German version EN ISO
14040:2006 + A1:2020

[6] DIN EN ISO 14044:2021-02 Environmental management - Life cycle assessment - Requirements and guidelines (ISO 14044:2006 + Amd 1:2017 + Amd 2:2020);
German version EN ISO 14044:2006 + A1:2018 + A2:2020

[7] Federal Ministry of the Interior, Building and Community. (2020). OKOBAUDAT: Sustainable Construction Information Portal
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Solar power is one of the fastest growing renewable energy sources to supply the continuously growing global
demand for clean power. Currently, silicon-based photovoltaics (PVs) make up the majority of the commercial
market for solar cells and demonstrate regularly module efficiencies of over 20%. Yet, their energy intensive
production and therefore long energy payback time motivate the search for novel materials, which might
complement silicon-based PVs.

Especially organic solar cells have recently gained growing attention due to their rapidly increasing
efficiencies as well as the relatively easy scalability in their production. Due to their highly tuneable optical
properties and their solution-based manufacturing techniques, they exhibit a wide variety of potential
applications, ranging from semi-transparent to flexible solar modules.

However, the organic solar cell manufacture relies heavily on the use of halogenated solvents, whereas
organic solar cells made with more environmentally friendly solvents often suffer from major performance
reduction. This is largely attributed to the changes in the nanoscale morphology of the polymer donor
materials and the small-molecule acceptor materials that form during the drying process of the wet film [1].

We investigate and compare the changes in
morphology and the electro-optical
behaviour of thin film organic solar cells,
utilising low cost polymers such as PTQ10
and non-fullerene acceptors such as BTP-
4F, processed from various solvents,
utilising grazing-incidence X-ray scattering
methods, time-resolved transient absorption
spectroscopy, and nanoscale FTIR. We
show the impact of solvent composition on
the formation of polymer:non-fullerene
acceptor bulk heterojunction films, affecting
the resulting change in the performance of
the organic solar cells. This leads us to a
better understanding on the way to
developing high efficiency, environmentally
friendly, flexible solar cells.
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Figure 1: Grazing incidence wide-angle x-ray scattering
images of PTQ10:BTP-4F bulk-heterojunctions produced from
a) chloroform, b) 1,2,4-trimethylbenzene

[1]: D. Yang, S. Grott, X. Jiang, K.S. Wienhold, M. Schwartzkopf, S.V. Roth, and P. Miller-Buschbaum, Small
Methods 4, 2000418 (2020).
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In organic photovoltaics, donor - acceptor bulk heterojunctions are often used as active layer due to
their superior performance compared to e.g. planar structured devices. In this optically active
polymer layer, photons are absorbed and excitons are created. After diffusion to a donor-acceptor

interface, the excitons are dissipated and charge carriers can be extracted from the electrodes.

From the early years of organic photovoltaics on, the combination of P3HT ((C10H14S)n) as electron
donor and PCBM (C72H140>) as electron acceptor is a frequently applied and well-studied system.
Previous studies have shown that both, internal dynamics and structural layout of the active layer

influence electronic properties and thus also performance of a device.

A more modern, very promising low-band gap
electron donor material is PTB7 ((Cs1Hs53FO4S4)n).
Besides a large number of studies on structure and
electrical properties, the level of knowledge about
dynamics in this system is very limited. We
investigated films of PTB7, PCBM and different
blends of these two, prepared out of chlorobenzene
solutions, and performed first quasielastic neutron
scattering experiments at the cold neutron time of
flight spectrometer TOFTOF (MLZ, Garching).
Hydrogen dynamics of pure compounds as well as
the blend films are investigated on a pico- to
nanosecond timescale in a temperature range from 150 K to 400 K. E.g. diffusion coefficients are
calculated for the respective samples, as suggested by Figure 1. Results are set into context of
photovoltaic performance studies and increase the knowledge base, which is needed for the design

of new materials to push the field of organic photovoltaics.

TU Munchen, Physik-Department, Lehrstuhl fur Funktionelle Materialien
James-Franck-Str. 1, 85748 Garching
www.functmat.ph.tum.de, Fax.: +49 (0) 89 289 12474
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Inorganic-organic hybrid nanostructures are researched for many different applications. This work is focused
on energy conversion through the thermoelectric effect. With the Seebeck effect, electrical current can be
generated from a temperature difference. Therefore,
thermoelectric generators could be used to generate
energy from waste heat. As waste heat is abundant in
almost all energy applications, thermoelectric elements
could save large amounts of energy in many different areas

conducting material of technology.
. However, the current thermoelectric generators (TEG)
often use materials like bismuth (Bi), tellurium (Te),
P-type antimony (Sb) or lead (Pb). These materials are toxic and
. expensive giving rise to a need for a cleaner and more
abundant alternative that still produces good conversion
conducting conducting efficiencies.

material material

The efficiency of materials to produce thermoelectric power
is mainly governed by three factors. The Seebeck
coefficient (S), the electrical conductivity (o) and the
thermal conductivity (k). Increasing S and o while

decreasing k would lead to an increased performance.
\A/\/\ Nanostructuring can help tune these parameters. For

example, encapsulating air can help decrease thermal
Figure 1: Thermoelectric circuit composed of ~ conductivity, while a sufficient percolation network can

an n-doped and a p-doped material. (different  increase electrical conductivity.
Seebeck coefficients)

Beta-lactoglobulin is a bovine whey bio-polymer, that is known to form different aggregates under different
environmental conditions. At low ph-values (ph = 2) it can form fibril structures, while close to the isoelectric
point (ph~4.2) it forms globular structures. Therefore, beta-lactoglobulin is used to structure Titania (TiO2)
using Sol-Gel synthesis with water as the solvent. Spray coating is used to enable industrial mass-production.
A big focus is on the use of non-toxic and abundant materials.

The differently structured Beta-lactoglobulin-Titania thin-films are studied with AFM and SEM imaging. With
these measurements the morphology of the samples can be investigated. Seebeck coefficient, thermal
conductivity and electrical conductivity of the samples are measured using a 4-point probe setup. From this
the thermoelectric Figure of merit (zT) can be calculated and compared with the different sample
morphologies.
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Wind farm control applications require an accurate prediction of turbine wake impingements. While
low-cost engineering wake models have been greatly improved over the years, the embedding farm
background flow is often assumed homogeneous, which is hardly true. This contribution will present
methods to detect long- and short-term heterogeneities in the ambient flow from turbine production
data.

Inside a wind farm, the long-term heterogeneous flow field
! will be caused by the permanent presence of orography,
obstacles and surface roughness. Even for offshore farms,
the influence of land can still inflict persistent gradients in the
array inflow wind speed [1]. A further source for flow
heterogeneities can be the wind farm itself by interacting with
the atmospheric boundary layer, often divided in blockage
and deep array effects. As was presented in [2], a baseline

ol T engineering model like Floris [3], can be adapted to a
Figure 1 Wind farm flow measured by a LIDAR specific site by infusing and learning parametric correction
terms. The observational data, that is used for this tuning, is
ordinary SCADA data from the turbines themselves. A heterogeneous flow field can then be detected
by identifying flow tuning nodes. The site specific wake model parameters are simultaneously tuned.
This rather ill-conditioned optimization problem is solved by mapping the tuning parameters into an

orthogonal space via singular value decomposition 1e6 240° Inflow

(SVD), which leads to robust convergence. TR . 8.00
Figure 2 shows the identified flow field for the Italian wind 45240 — e
farm Sedini. The locations of flow tuning nodes are - -

marked with “x”. It is visible, that the wind speed was 52351 .-;.—g.« [
adapted in different regions of the farm. These corrections g «s230{ « -— "";-';( 725
can be validated with a CFD RANS simulation, that gum S -:"_,;' L m§
models the surrounding terrain. First results of an =2 =~
OpenFOAM simulation show, that the identified <521 L = B
corrections are indeed in the right order of magnitude. — ,-/ P 6.50
The second research goal presented is to apply the anzea e im

correction methodology on shorter time scales to identify 47_9%oofsoboo:ss_o‘r>oo431'5’00431%5‘000
dynamic flow heterogeneities. As turbine array sizes Figure 2 Wind farm simulation with heterogeneous

. . . . . background flow

increase, changes in wind speed and direction cannot be

assumed to affect all turbines instantaneously. Rather,

ambient conditions propagate through the array, which can be shown for the Anholt wind farm.
Together with a propagation model, the identification methodology can be used “on the fly“ to detect
local wind speeds and directions.

[1] Pefia, Alfredo, et al. "On wake modeling, wind-farm gradients, and AEP predictions at the Anholt wind farm." Wind
Energy Science 3.1 (2018): 191-202.

[2] Schreiber, Johannes, et al. "Improving wind farm flow models by learning from operational data." Wind Energy
Science 5.2 (2020): 647-673

(3] NREL,FLORIS Version 2.2.4, 2020, GitHub ,https://github.com/NREL/floris
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Lithium ion batteries (LIBs) emerged as the most promising candidate for electrochemical energy
storage owing to its higher specific energies, volumetric energy densities and power densities with
a wide range of applications, ranging from digital cameras to pure-electric vehicles. Solid polymer
electrolyte (SPE) is attractive for the next generation batteries regarding its thermal stability
comparing to the liquid electrolyte and simpler manufacturing than ceramic-based electrolyte.! PEO-
based electrolyte, as the most widely used SPE, however, is facing significant challenges due to its
narrow electrochemical window and the interface instability above 4 V vs Li*/Li, meaning that such
SPE is more instable in high-energy-density batteries.? 3 In order to alleviate this hinderance, the
1,2-dimethoxyethane (DME) was introduced to PEO/ lithium bis(trifluoromethanesulfonyl)imide
(LITFSI) electrolyte. A serious of Li(DME)xTFSI-PEOy (x= 0.6-1.2, y= 0.5-1.0) electrolyte was
prepared and LiTFSI-PEOy electrolyte as comparison. Li||Cu cell and Li||[NMC333 cell are fabricated
to evaluate the electrochemical properties of electrolyte. The nanoscale morphology and structure
of the electrolyte after certain plating/stripping cyclings are investigated via in operando Small-angle
X-ray Scattering (SAXS).

Reference

1. Li, Z. Y.; Zhang, H. R.; Sun, X. L.; Yang, Y., Mitigating Interfacial Instability in Polymer Electrolyte-
Based Solid-State Lithium Metal Batteries with 4 V Cathodes. Acs Energy Letters 2020, 5 (10), 3244-3253.
2. Yang, X. F.; Jiang, M.; Gao, X. J.; Bao, D.; Sun, Q.; Holmes, N.; Duan, H.; Mukherjee, S.; Adair, K.;
Zhao, C. T.; Liang,J. W.; Li, W. H.; Li, J.J.; Liu, Y.; Huang, H.; Zhang, L.; Lu, S. G.; Lu, Q. W.; Li,
R.Y.; Singh, C. V.; Sun, X. L., Determining the limiting factor of the electrochemical stability window for
PEO-based solid polymer electrolytes: main chain or terminal -OH group? Energy & Environmental Science
2020, /3 (5), 1318-1325.

3. Homann, G.; Stolz, L.; Nair, J.; Laskovic, I. C.; Winter, M.; Kasnatscheew, J., Poly(Ethylene Oxide)-
based Electrolyte for Solid-State-Lithium-Batteries with High Voltage Positive Electrodes: Evaluating the
Role of Electrolyte Oxidation in Rapid Cell Failure. Scientific Reports 2020, 10 (1).
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Efficient carbon capture and utilization (CCU) is a key process for a sustainable methanol economy. This

requires integrated processes, where CO; is captured as well as

COz+ N, converted by the same material, with the possibility to operate under
C: " ?Oyrrlﬁr::cfugﬁ::iir?n conditio_ns ir) order to provide the required fle?<ibility
" g and non-stationary energy demand. Methanol, in turn
can be used as an energy carrier, that can be either combusted directly
in conventional engines or used as a hydrogen carrier for methanol fuel
CO, |CO: cells. Additionally, methanol can be used as a C1 building block for a
—-— variety of products.
In this presentation we discuss the development of a novel concept for
— —
integrated CCU based on a new type of bifunctional catalysts that are
able to capture and selectively convert CO; to Methanol under dynamic
and mild reaction conditions (140 °C, 1 bar).
R ——
TN CHs0 o The silica based 16.07—— — — 4.0
catalyst was prepared 10AGING s FEGUCOD  my  recct
by a sol — gel based | B e T
synthesis method = %
yielding mm sized silica spheres, which were functionalized 2 _gfoo I
with 3-aminopropyl-triethoxysilane and Palladium particles. = 8] — CHOH 202
The catalytic activity was measured in a fixed bed reactor at o =
1 bar pressure during dynamic changes in the reactant feed %4_0- lio 3
(10% COz/He at 70 °C followed by hydrogenation with 78% SEa =
H./He up to 140 °C). Operando IR-spectroscopy was used to 0.0 | Rasiloxr | : : 0.0
analyze the surface species present during CO; adsorption 7 8 ime onsream /h L
and the subsequent hydrogenation of adsorbed CO:2 to _ 5g
methanol. =
S 400 Pd loading: 6 wt% "
bl
A CO: conversion to methanol of up to 25 % (0.01 CH3;OH 2 300l
mol/mol NHz groups) based on the irreversibly CO; adsorption 2
capacity, with a selectivity of 100 % towards methanol and Z o00l -
water was observed (see Fig. 2). CO and CH4 formation was 8
not observed in any of the experiments. Catalysts loaded with g 1001 .
amine or Pd only did not show any conversion of CO; to o

methanol.

In the bifunctional catalyst, the amines (NH2) serve as site for
binding and activating the CO- and the Pd activates H- for the
hydrogenation of the bound CO; to methanol.

Using IR — spectroscopy, we were able to identify the reaction

04 06 08 10 12 14 16 18

amine loading / mmol g

intermediates and together with the finding, that the amine — Pd interface constitutes the active site for the
conversion, we are now able to further improve the performance of the catalyst.
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Nowadays, in the Architectural, Engineering and Construction (AEC) industry, Building Information Modelling
(BIM) is gaining momentum in its practice and usage. BIM optimizes the work of construction engineers,
saves time and costs, opens new horizons in communications and coordination. Various BIM software
solutions provide tools for designing, structural analyzing, and Building Performance Simulations (BPS).
Many of these software uses an open object-oriented file format called Industry Foundation Classes (IFC).
IFC is vendor-neutral, and it facilitates the information exchange process during the whole life cycle of
construction and maintenance.

Regarding BPS software, the development of the Building Energy Model (BEM) stays apart from architectural
BIM in many cases and implies the work of an energy engineer in the preliminary design stage (Figure 1).
Some BPS software support import of IFC files (e.g., Autodesk Inc (2020), Graphisoft SE (2020)), but very
few of them can preserve the results and integrate them into the IFC files. After setting boundary conditions
and getting simulation results, the data is exported in a specific format but generally not exported to the IFC
format for further proceeding. The integration of BPS

TT— Building el results in the original designed model and exporting
Design Performance Design . .
Stage Simulation Stage them to a complete and consistent IFC file could help
to improve the collaborative workflow between the
T No project participants. It could expand the IFC format’s
functionality and preserve the comprehensive design
Figure 1: BPS in the Preliminary design stage information for future reuse.

This research will investigate possible ways of integrating BPS
simulation data and boundary conditions in the IFC file and

Data Reading <=

provide a proof of concept for that. Regarding the integration BIM IFC S
approach, the corresponding ontology will be developed and Import RO S Import
tested with a developed software prototype (Figure 2). The

results will be compared with existing approaches. The Data Mapping

occurred problems will be analyzed. The findings should
provide theoretical knowledge and practical steps in facilita