(ETL S| ng_
J ] B ag
- "‘Sr,

I
I

R T

i
{
e WA ST, e e
" —_—
I ) =——— =
- : —
= & 5 : -
- i~

Electrical Engineering s O]& SDU &=

Electronics Ca®



SDU Electrical Engineering
Centre for Industrial
Electronics

A lighthouse for education,
R&D and testing

Head of CIE and EE SDU

Bosch 21.2.2020



EE Technology Areas

Power Electronics

« Passive Components

« Energy Storage and Micro grids
 Power converters and systems

« Reliability of components and systems
* Motors and Control

- EMI/EMC

* Intelligent Systems

Acoustics
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Energy Storage Devices “Netzpatron” (Grid-Protection)

Ubergeordnetes Managementsystem

Netz |- ~
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Abbildung 1: Strukturbild des Netz-Patrons
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Elcap 2 F /900 V Energy Storage Devices for Grid-Protection
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Abbildung 8: Ragone- Diagramm, in dem Energiedichte und Leistungsdichte sowie Lade- / Entladezeiten von Energiespeichern wie Abbildung 9: Der von FTCAP entwickelte Energiespeicher mit Schubladensystem

Batterien, Superkondensatoren und Aluminium-Elektrolytkondensatoren dargestellt sind.

. of f V 4
Source: FTCAP |n%":srf,i:|r ‘IQ S D U /5‘
Electronics “a® i Sa®



1,10p——--——————-——~- T
|
[pul t :
1,00 -——————————- e —————
|
|
|
€ 0,90F——~-=——-=———-—~ Fommm e
3 |
c I
c
© |
2 0,80 --—--——————-—- Fommmmm oo
|
|
0,70 ————————————~ e it
|
|
0,60 l
1.00 1.40
U_Netz mit Netz-Patron
U_Netz mit Netz-Patron ohne Energiespeicher
110~ =—=======-=~ Tommmm s
|
pul :
1,00 i
|
|
|
€ 0,90 ———~——=—————-—~ Fo——
| |
c I
c
© |
& 080 -——-—-——-——————- Fom—mmmmmoom oo
|
|
0,70 ————————————~ Fommm -
|
|
0,60 . I
1,00 1,40

U_Last mit Netz-Patron
U_Last mit Netz-Patron ohne Energiespeicher

Abbildung 7: Verlauf der Spannung am Anschlusspunkt des Netz-Patrons und der versorgen Last bei einem netzseitigen
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Source: Spannungskonstanthalter fiir Industrienetze — Manahmen gegen Spannungseinbriiche Electronics s
Thorsten Reimann et al.,conference paper, 2019.



Hybrid Energy Storage Devices for Grid-Protection

Electrolytic capacitor for short time interruptions below 15 m - SDU

New Super-capacitors for longer interruptions 1 min - SDU

Batteries for long time interruptions

HV (500 V) Polymer Alu El Caps

- Stack construction
Breakdown voltage over 500 V o k
-T>150°C
- > 3 x Ripple current load

- ultra long life-time > 10.000 h
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Advanced Functional Materials 2020 (In Press)
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Micro Grid Lab @ SDU EE _ Ass. Prof. Mehdi Savaghebi

. o Load a Load the control
E Moimtorm% 5 l microgrid scheme

. signals ] ", including hybrid “

: /S ‘ ESS

Moﬁ/itoring signals :

Analog 4
———m—— \Sjgl\']als Analog ! /
__ Analog Tl sign?lg” A !
“\outputs RS / e MicrolabBox
§ \‘ N L ] /D)gﬂal imputs Controller
OPAL-RT M
Real-time BN | AC ‘ =8
Simulator B .
e Hg[;gd
Eeeerr ) o $
ZZ33Ees
EasEEnEE mDC
b+
= & Interface Converter

:
=2
=
a
=

: & " ny " MLl T { \

: : 28 m AVWAWVVUVA | \

: : i ‘ ‘ E '

: ifi Device under test : i i i ) 1
: i e i :

Design and implementation of control and protection schemes for low New converter is undé}tegjj . /
inertia grids and microgrids - ! '

Analysis, simulation and lab-scale validation of power systems with
high penetration of renewables

Control design and implementation for energy storage systems
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