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Facts & Figures

80%

Funding
approval rate

Institute
Foundmg Cooperation
01.10.2019 partners

Euro
3" party funding

218

Publications

Bachelor and
master students

Status 19.04.2021
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Our Mission

Institute for
Sustainable Energy Systems

Research Consulting Teaching

Electrical Energy

« Generation
« Conversion

G M ¢« Transmission
+ Storage
. * Consumption

HM®

With our research, consulting and teaching
activities, we make a considerable
contribution to a more efficient, sustainable
and resource-conserving approach to energy

supply and use

Meeting global climate and energy targets is

a major goal we aim to contribute to

Sustainability is our focus area

S ISES
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Our Expertise

Institute for Sustainable Energy Systems
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HM®

We conduct research on the conversion,

distribution and storage of electrical energy

We research energy systems in their entirety,
from the component to the system level, and
across all stages of the value-added chain,

from power generation to consumption

S ISES
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Our research scientists

Our Team

Leading team and research areas

 Florentina Alecu
Managing Director / Research Coordinator

» Oliver Bohlen
,Electrical Energy Storage®

» Christoph Hackl
,Mechatronic and Renewable Energy Systems”

* Herbert Palm
,oystems Engineering®

* Simon Schramm

» Stephanie Uhrig
,Electrical Power Engineering”

HM*®



Our Research Aret




Areas of Expertise

|||||

Electrical Mechatronic and Systems Solar Technology Electrical PoWr |
Energy Storage Renewable Engineering and Electrical Engineering

Energy Systems Power Systems
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Electrical Energy Storage

= The research group “Electrical energy storage” focuses on systems for storing
electrical energy - primarily batteries - and the respective applications such as
electric vehicles, home storage systems, e-bikes, etc.

= The thematic focus is on battery system technology, i.e. everything that goes
with it to turn battery cells into a functioning overall system. This includes:

- Battery characterization, such as pulse and capacity tests, impedance
spectroscopy, thermal analysis

 Modelling and simulation of electrical, thermal and ageing behaviour using
tools such as Modelica, Python and Matlab/Simulink

« Battery management systems and algorithms for state of charge and state
of health monitoring, energy management and optimal power flow in storage
systems

« Battery electronics, prototyping for battery systems and BMS electronics for
e-bikes and other applications

HM*® S ISES :



Mechatronic and Renewable Energy Systems

= The research group ,Mechatronic and Renewable Energy Systems” focuses on:
system modelling, identification, fault detection, condition monitoring and control
of mechatronic and renewable energy systems

= Particular interests are efficiency, fault tolerance, intelligence, robustness and
reliability oft he considered, self-learning systems and components

= The interdisciplinary expertise of the group merges the engineering disciplines
electrical drives, power electronics & mechatronics and the mathematical
disciplines control and systems theory

= Recent research projects deal with
« the modelling and analyses of the future power grid as a four-wire three-
phase system (including harmonics and arbitrary faults)
« the modelling and control of the electrical components of of electric vehicles,
biogas plants, airborne wind energy systems, geothermal power plants,
large-scale and small-scale wind turbine systems and wave converters

= More details are available on https://Imres.ee.hm.edul/.

HM*® S ISES o



file:///E:/HM_Home%20Office/2021/20210410/Der%20Forschungsbereich%20mechatronische%20und%20regenerative%20Energiesysteme%20beschäftigt%20sich%20mit%20der%20Modellierung,%20Systemidentifikation,%20Fehlerdetektion,%20Zustandsüberwachung%20und%20Regelung%20von%20mechatronischen%20und%20regenerativen%20Energiesystemen.%20Besonderes%20Augenmerk%20liegt%20auf%20Effizienz,%20Fehlertoleranz,%20Intelligenz,%20Robustheit%20und%20Zuverlässigkeit%20der%20betrachteten,%20selbstlernenden%20Systeme%20und%20Komponenten.%20Die%20besondere%20interdisziplinäre%20Expertise%20des%20Forschungsbereichs%20verbindet%20die%20ingenieurstechnischen%20Disziplinen%20elektrische%20Antriebstechnik,%20Leistungselektronik,%20Mechatronik%20mit%20den%20mathematischen%20Disziplinen%20der%20Regelungs-%20und%20Systemtheorie.%20Die%20aktuellen%20Forschungsschwerpunkte%20liegen%20auf%20der%20Modellierung%20und%20Analyse%20von%20Stromnetzen%20und%20deren%20Harmonischen%20(Vier-Leiter-System)%20und%20der%20Modellierung%20und%20Regelung%20der%20elektrischen%20Komponenten%20von%20Elektrofahrzeugen,%20Biogas-Anlagen,%20Flugwindkraftanlagen,%20Geothermieanlagen,%20Groß-%20und%20Klein-Windkraftanlagen%20und%20Wellenkraftwerken.%20Nähere%20Informationen%20können%20auf%20der%20Laborseite%20des%20Forschungsbereichs%20(siehe%20%3chttps:/lmres.ee.hm.edu/;%20bitte%20link%20einfügen;%20danke!%3e)%20eingesehen%20werden.

Systems Engineering

= The research group ,Systems Engineering” focuses on methods and tools for
modelling, simulation and multicriterial optimization of complex systems

= Particular interest focuses on development of effective and efficient search
algorithms to identify non-dominated (,Pareto-optimal®) system layouts for a high
(larger than ten) number of design degrees-of-freedom

= The interdisciplinary expertise of the group merges technical engineering
disciplines such as power engineering, mechanical engineering and computer
science with methodological (INCOSE) systems engineering competencies

= Recent research projects deal with
« Pareto-optimal layout of sector-coupled, decentralized, sustainable energy
systems for multi-use-case scenarios
« Pareto-optimal power-flow operational strategies for stationary battery-
energy storage systems (BEESS)
» Hyper-Space-Exploration for highly effective and efficient layout of neural
network hyperparameters

HM*® S ISES ’



Solar Technology and Electrical Power Systems

= The research group ,Solar Technology and Electrical Power Systems® focuses
on topics relevant for the “Energiewende”:

« Solar generation, e.g. accelerated life time test of components, e.g. of
vehicle integrated PV, low cost high performance monitoring, system design
and operation

« Power electronics required to connect AC to DC or DC to DC-Systems, e.g.
high performance AC/DC and DC/DC-converter with galvanic insulation —
design, control, test, operation (e.g. with predictive control based on analytic
equations)

* Energy efficiency, e.g. data driven analysis of energy consumption in small
up to complex building systems

« Energy system planning, e.g. system planning tool energy systems with high
penetration renewables, including sector coupling, and its control

= All topics include theory and practice, applied research, including e.g. modelling,
automated data analysis, rapid prototyping, and test, thus theory and validation

HM*® S ISES o



Electrical Power Engineering

HM®
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Diagnostics and condition assessment of power system equipment:

Equipment in our power grid is subjected to loads and stresses, resulting
In ageing or occurring defects
Using diagnostic measurements, it is possible to assess the condition of

the equipment, i.e. to estimate the degree of aging and to identify
possible causes of errors at an early stage

v

Controllable loads in the distribution network:

Smart Grids of tomorrow are achievable only by higher efficiency and
optimized utilization of existing structures

A promising approach uses controllable loads (time-flexible consumers)
in the distribution network

Energy consumption is shifted to times with energy surplus

5 ISES
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Engineering of Complex Systems

DOE based Study

Build Factorial
Space

Define
Surrogate
Model Base

Plan and
Prepare
Test Cases

Test
(= Simulate!)

Optimize System |
and Model

HM®

i i Hyper Space Explorati - PPN
Virual Protolyping Lo roeo . m Entering new technologies involves:

« Large amount of unknown solutions
« Lack of ,proof-of-concept®

B Extending the V-Model allows to manage
related uncertainties

B ,Hyper Space Exploration® is a multi-criterial
trade-off-analysis making use of:

« Design of (virtual) experiment

«  Surrogate modelling

* Model-driven system optimization
m Our applications:

« Sustainable energy systems

«  Automotive top-level design (FEVS)

«  Complex Controler Design

Prof. Dr. H. Palm @ IS E S 15



Intelligent mechatronic and regenerative energy systems

P N[ N[

Wind Smdllscile WIS (N)MPC for RES Airborne wind

turbine systems energy systems

Geothermal Wave

Power systems
energy systems energy converters

-

Prof. Dr.-Ing. Christoph M. Hackl ‘g‘ I S E S 16



Detection & Localization of mechanically induced damages in
lithium ion batteries (ReVISEDBatt)

E '\ n Researc.h:_ _ _ _
= Realistic mechanical stresses, such as shocks, vibrations
and external forces
D = Damages in cell and module components
= Effects on operational and aging behavior
= Detection methods

ReVISEDDBatt

Project:
= Project period:
2017/09 — 2021/03

Objectives:
= Knowledge of damage

mechanisms

= Development of novel early = Staff at HM:
detection methods one research fellow,
= Online application in student workers

battery management
systems

Supported by:

* Federal Ministry
%2> | for Economic Affairs
and Energy

on the basis of a decision
by the German Bundestag

Tl.r" Z Fraunhofer th@ Cinfineon 75 HOPPECKE LT
I_I I\/I | Prof. Dr.-Ing. Bohlen @ I S E S
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Universal connection of automotive traction batteries for stationary

applications (UnABESA)

Second-Life applications Plug & Play
for traction batteries coupling element AC-Grid Research objectives

( = Universal architecture for different
batteries and applications

= Highly efficient power electronics
with innovative control

= Optimized power flow in
heterogeneous battery systems

SN

Applications Challenges Project:
= Frequency regulation = No standardized design = Project period: 2017/06 — 2020/12
= Peak shaving = Different battery properties = Staff at HM:

two research fellows,

student workers  supportedby:

% | Federal Ministry
22N for Economic Affairs

and Energy

Inductron’

Inductive Electronic Components GmbH

= Decentralized storage = Costs
on the basis of a decision

Ll
by the German Bundestag

H I\/I g Prof. Dr.-Ing. S. Schramm, Prof. Dr.-Ing. Bohlen @ I S E S
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Bundesministerium

Hard Facts PIONIERKRAFT Customer Value

- Mains parallel - PV plant is more profitable
- Galvanic isolated - economic benefits for producer and receiver
- Surplus energy transferred - more people get access to renewable energy.
- Depending on energy production - contribution to a successful energy revolution

and - consumption

gy [\
i | |
—> 3
| Consum
J EShm't.‘. T' €€€
€€ .

I—I I\/I | Prof. Dr.-Ing S. Schramm @ I S E S



Analysis of complex building structures

Goals

= Analysis of complex building structures
> Office and administration building
> Industry & Craft

= Automated and data-based process

= |dentification of the operating mode of essential
electrical consumers on the basis of high-resolution
measurement of the total consumption

Supported by:

gglmealM‘miﬂrv As part of the research project:

for Economic Affairs
and Energy

on the basis of a decision
by the German Bundestag

HM® TUT

Research priorities

= Non-intrusive load monitoring (NILM)
= measuring technology

= Data analysis (machine learning)

= High-resolution load profile modelling

Application Areas

= Energy consumption monitoring

= |dentification and evaluation of
energy efficiency measures

= Peak-Load reduction
Demand Side Management (DSM)
Design and operation of generating
plants and storage facilities

= Failure detection

NuData Campus - Usage Data Based Optimisation of
Buildings and Facilities using the Example of Munich

Prof. Dr.-Ing. S. Schramm

5 ISES
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opEn — Optimal Design of Energy Cells

Motivation and Goals
= Balance sheet planning of the energy transition n

= Development of a tool chain for individual design of energy systems (cells) based on
time series simulation and consideration of the relevant criteria

= Participatory process to involve the population in the decision about various energy

transition scenarios for their energy cell

ot sufficient

COZ-Aquivalente nach Anlagentypen
600 ‘

B [$)]

o o

o o
T T

CO2-Emission gesamt in tausende Tonnen
w
(=]
o

IST-Zustand 2015  Ausbauziel 2020 Ausbauziel 2025

HM ®

Ausbauziel 2030

Systemgrenze
Verbraucher
Erzeuger
Flexibilitaten

Bl\Wasser

[ Biogas

wind

pv

[ IStromimport

Bl Biomasse

Il Geothermie 30

Il \Warmepumpe

B Solarthermie 250 -
I Direktstrom

[Fossile Warme < 200

Prof. Dr.-Ing. S. Uhrig
Prof. Dr.-Ing. S. Schramm

06/09

S ISES

I Verbrauch
C_Ipv -
[ Iwind

[ IBiomasse
I Wasser

08/09

10/09
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FLAIR? - FLexible Anlagen Intelligent Regeln
Local and Automatic Control for Flexible Loads

Motivation and Goals

= [ntelligent and decentralized solution to control flexible loads
= Optimization of the grid state applying demand side management
= Based on the actual and local grid state e.g. voltage measurement data

Project: Period: 2020/11 — 2023/10, Staff at HM: two research fellows

236

234
232
230
228
226

A Statistically rated Irradiation
voltage [V] strength [W/m?]

Average voltage (last days)

Tendency of
local energy
surplus

[ | iRty
local energy
. BN
/
s .
> Daytime

03:00 06:00 09:00 /N 12:00 15:00 18:00 1\21:00 24:00

Individually determined, local release times

‘ - —— Stromnetz message
H I\/I : LVN Berlin d

Prof. Dr.-Ing.

M
Control box +
FLAIRZ modul

RSN

IMSYS

w5 |||

Heating pump

S. Uhrig @ IS E S -



Reliable Diagnosis on Electrical Machines (CarpeDiem)

Research objectives

Challenges

Development of reproducible method for failure A
diagnosis on rotating machines

Use of non-intrusive frequency response

measurement and analysis (FRA) \/)1 Mg

Finding general behavior

L
= Influencing factors unclear
= Assure high reproducibility
= Modeling of frequency response highly challenging
0
0

Applications S | Project
- Diff | S -

Different types and power classes 2 =  Period: 2020/04 — 2022/03

of rotating machines " ol . Staff at HM:
= Detection of different failure modes like Rog,. 180 one research fellow

broken rods or shorts within windings o6

- e w 5 6
% 102 10° 10 10° 10
Frequency (f in Hz)

Condition assessment

I—I I\/I g Prof. Dr.-Ing. S. Uhrig 5 I S E S -



Further project examples

= BaPoBs - Battery aging and Pareto-optimal operating strategy (Prof. Dr.-Ing. Oliver Bohlen and Prof. Dr.

Herbert Palm)

= fMMCC - Intelligent and fault-tolerant modular multilevel cascade converter in future renewable enerqy

systems under different grid-fault conditions (Prof. Dr.-Ing. Christoph Hackl)

= e-TWINS - Holistic digital twins for the energy system (Prof. Dr.-Ing. Christoph Hackl)

HM*® 5 ISES ’


https://www.hm.edu/en/research/projects/project_details/bohlen/bapobs_1.en.html
https://hm.edu/sites/ises/forschung_ises/projekte_ises/projekte_detail_ises_6467.de.html
https://www.hm.edu/en/research/projects/project_details/hackl_1/hackl_ifmmcc.en.html
https://www.hm.edu/en/research/projects/project_details/hackl_1/etwins_engl.en.html

 DANKE!

THANK vOQU!
JERCT!
YRAZIE!
GRACIAS!
DANK JE WEL!

Thank you!
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