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Introduction D Fraunhofer IISB

Location: Erlangen (Germany)

@ Main Location
o Branch Office zaboca
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Fraunhofer Society
A Around 29 000 Employees oS . iiee”
A 75 Research Institutes T
A Annual Budget: 2.8 GEUR i

Sulzbach o

Saarbriicken
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Fraunhofer 1ISB in Erlangen
A Director: Prof. Dr. Jérg SCHULZE...
A R&D Fields: e
Semiconductor Technologies (Si &iQ
(1000 m? clean room 1SO4/5 Class100/1000)
Power Electronic Systems
A Cooperation with the FriedrichAlexander
University ErlangerNtrnberg (FAU) and with the
University of Bayreuth (UBT)
A Staff: 280 Employees (210 Scientists and
Engineers)
A Annual Budget: ~25MEUR
30% Public Funding + 70% Project Revenues
A Homepage:www.iish.fraunhofer.de
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https://www.iisb.fraunhofer.de/

Introduction B Fraunhofer [1SB
Organization of the Fraunhofer [ISB in 6 Research Departments

Fraunhofer IISB

Semiconductor Technology I Power Electronic Systems

Technology and Packaging and Vehicle Intelligent Energy

Material : R :
aterials Manufacturing Reliability Electronics Systems
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Modelling and Artificial Intelligence
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Motivation for a resilient Power Grid
Locat Amtal6 Bl ood Disaster, July 2021 (Ger many)

-

Al mages f rAbralot h
Flood Disaster, July 2021

A An extreme heavy-rainfall
event triggered an acute
state of emergency.

| ——

- :aa" s/ Around 200,000 residents
were left without essential
services, in some cases for
weeks or even months.

A More than 1,000 network
=% stations were damaged or

il i :; completely destroyed.

: “'J Z‘i‘ A The reconstruction of the

: infrastructure took several
months

Quelle Westnetz
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Challenges and Use Cases for DC Microgrids

BLess technical , b ut rat her nNor mati ve
be addressed. B
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Technology Kit for Sustainable Energy Systems Already Exists

|
|
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electrolyser ;ﬁ technology}l Pressure
| o Jﬁ 7 storage
{ The Challenge - {
1 Combine the right technologies and design the -
Battery | individual components applicationrspecifically so that ~ CHP plant
SIOTECE | o the overall system is as economical and sustainable as | F
S , , possible! | — —
~ ‘ Heat
Electric { | ©  pump
vehicles r Redo;FIovxl ¢ ¢ I —
B — <~ Dbattery [ J | |
— O | Cold - Locaheat
— — = heat = coldgrid [
storage ‘
BDC i s a simple way to create compl ex ene
technologies. When DC standards and best practices have been established, we
regain simplicity in advanced energy syst
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What makes optimizing energy systems so difficult?

Complex energy infrastructures with close coupling of High number of boundary conditions, constraints, and
(sub)systems optimization goals

(Coupled energy systems with different energy sectors | (Boundary conditions of the components |
A Electrical networks (AC and DC) A Different classes of components: import/export, generation plants,
A Heating & Cooling (HVAC, Process Cooling) energy storage and consumers

A Gases (hydrogen, natural gas, process gases) A Each component has individual boundary conditions, such as

A Compressed air, vacuum rated powers, state of charge limits, dynamic behavior...

( 4
The energy sectors are coupled via generation plants Typical optimization goals in energy systems

A Optimization of a component or subsystem does not lead to A Optimizing seltsufficiency through renewable energies
improve the overall system A Efficiency of generation plants and energy distribution
A Therefore, all relationships between components and networks are A Peak load reduction and load shifting
considered A Emission reduction, cost savings

A Holistic view of the energy system of interest necessary
A High complexity requires tools for optimization
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Tools for Designing, Optimization and Operation of DC Microgrids

Overview of IISB software toolbox
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Load profile analysis incl. useful
plots und key figures
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roduction-Loadprofile-Tool

Load prognosis based on ML-
model incl. model trainings

https://proenergie-bayern.de
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EGI Optlmlzatlon Tool

Simulation and optimization of
the free configurable EGI

https://gitlab.cc-asp.fraunhofer.de/proenergie
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Use Case DC Homes / Commercial Buildings
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USE Case: Decentral Home Energy System

typical DC coupled PV/Battery installation with AC backup are easy to install

———— iy oy T T s

- -

DC Microgrid in a converter system for DC grids
for small DC Microgrids,e.g. residential buildings,
all in one Device solutions are very easy to install.

FULL BACKUP

Self-supply of the entire household
in case of emergency power (single Fraunhofer 1ISB
and three-phase appliances) Local power generation DC Application Center Public AC grid
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“YG@8 MPP tracking 0.20A DC|bC ' l -11..+11 kW bidirectional AC grid link 1

=

DC
-40..+40A , DC|DC _,. 0..20A, 380 Vi
=

I

Consumers

DC DC
-60..+60A , DC|DC . -20..420 A

VLighting

DC Side in homes is growing:

ADC coupled DC charging

ACoupling of DC link in Heat pumps
AMore and more Battery powered tools
AMost small equipment uses USE

Sy

" Ibc DC
DC-Grid Manager

50 kW
DC power under control

i Fraunhofer

.- o
*T*” % DC-GRID MANAGER

. DC fast charging I
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USE Case: Decentral Home Energy System - Backup

AC Backup

with Battery Inverter
SMA

SUNNY BOY | [aw

STORAGE

SMA's recommended
performance factor
for the backup power mode:

PV-Inverter P
SB Storage B,

nsfer switch 10013994_V1.1

g

<=13

GROUNDING
DEVICE
a4 -7

Pl

enwitec
Automati

Distribution board

6RID [z o[ ]] 1

LOAD [u]ez [ n]ee

on site

AC Backup

with Hybrid Inverter

AC bypass Inverter

DC+ cable

DC- cable

Line conductor e
Neutral conductor with p
Grounding conductor !

it —F_
-

Speedwire/Ethernet
Control cable

Radio I | |_|

system is running in backup.

AC-Backup requires coordination and comes with a lot of
restrictions like limited power. Often only a part of the

Hybrid Inverter

(10 kW backup) or
Backup generator (8kVA)
can provide backup

only single source
system
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DC-Backup requires no change in the
System and works as normal no Backup
Box or Backup Controller needed.




USE Case: Decentral Home Energy System - Backup

AC Backup

AC BaCkup ] Vf\", SMA's recommended i )
with Battery Inverter 11 1 e PVI":PM with Hybrid Inverter g
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Hybrid Inverter
(10 kKW backup) or T
AC-Backup requires coordination and comes with a lot of Backup generator (8kVA) _ _‘
restrictions like limited power. Often only a part of the can F;ri‘r’]"'l‘lesgifggp DC-Backup requires no change in the
system is running in backup. Sys3t’em g System and works as normal no Backup

Box or Backup Controller needed.
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Use Case DCMicrogrid in Commercial Buildings

Building A Building B
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650 is einer L i duktion am Fi hofer IISB
Lighting, IT and Lighting, IT and . ‘ ‘ ' ’ — Lastgang (15 min)
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AC-Frontand and DC-Backbone of building A

ETIBLOGG Simulator and Modular BESS

100 KWh battery storage systems
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USE Case: Direct Current Data Center

Traditional AC Infrastructure |

AC |
PDU
UPS PSU Server
MV 480 V DC| |DC 208 V Dc| 380 v DC & '
AC AC DC .+ bc
Power Supply Unit .

—IHH=

Servemrackmodule

UninterruptiblePower Supply Power Distribution Unit
Modern DC Infrastructure PDD% | |

Rectifier

480 V DC 380V
w3 g

PSU Server
380V ? :
DC 4 DC

Serverrackmodule —

—IHH—=

e Less investment costs, higher energy efficiency, lower space requirements, significantly higher security of supply
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Use Case DC Microgrids in Industry
Overview

DC-Industrie 2:

Energy storage Energy generation

AC grid
Transformer ~
3 3 Sls s
= 0O
A @A
:hf g feedback
c O L Ll Ll DC-Sectors
S5 Wl il
( — DC650V <—>

DC breakers

| 0
TN ]

= 7~

Machines and Variable Passive loads  Auxiliary power 1~ 230V /
robots with DC- speed (light, heat, ...) (PLG, 1, 0, 3~ 400V
supply drives sensors,...) sockets
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Status quo:

Transformer

Energy flow | . ¢
top-down s

Emergency power
(extremely rare in industry)

AC-distribution

i

Machines and Fixed speed Variable
robots drives (Mains-

synchronized)
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speed drives

o f#*‘ﬂ%

= 7~

Passive loads  Auxiliary power 1~230v/
(light, heat, ...) (PLC, I, O, 3~ 400V
sensors,...) sockets




Use Case DC Microgrids in Industry

Voltage Specifications in Industrial Environments

Seitel6

DC voltage in V

850 Nominal operation
m fully functional

800 — I I— I—
750 —] E— E— E— Stationary over-/undervoltage

— — E— E— m continuous operation permitted
700 — — Ubcpom= E— m derating permitted

— —— 650..750V ——  Upchom= —— m active grid participants counteract the
650 — E— —— voltage deviation
600 — E— —— — -

— ——— E— —— Transient over-/undervoltage
550 — 421%0,11%“5;] — ——— —— | \{olt.age may be in this range only for a

—] E— ——— E— limited time
500 — — — — m functional restrictions are permissible,

— —— ——— —— but must disappear when the nominal
450 — ——— ——— —— voltage range is returned
400 —; — — ——

g
——
350 : T
Uncontrolled Uncontrolled Active controlled
rectifier from rectifier from frontend from
AC 400 V (B6) AC 480 V (B6) AC 400V

ODCA=

according to a proposal of the ODCA consortium direct current by zvei
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Use Case DC Microgrids in Industry

Example Schaltbau

Properties Value Unit Properties Value Unit
Overall efficiency AC 81.88 % Total output of the factory ) Mw
o Overall efficiency DC 88.37 % Total energy of the factory per year 18 750 MWh/a
Small parts warehouse with DC microgrid By oo 6.49 % Factnry e 15 000 i
Total need AC with PV 17 263.04 MWh/a Energy price 0.20 €/kWh
Total need DC with PV 15110.24 MWh/a CO,-emissions 354 9C0O,eq/kWh
Comparison of total need 87.53 % Output of the production loads 3925 kw
Energy saved 2 152.80 MWh/a Heat pump output 530 kw
Cost savings vs. AC 430 559.99 €a Power of the ventilation system 395 kw
CO2 savings 762.09 tCO,eq/a Power of the lighting system 150 kw
{ Additional investment for DC 1513681.22€ Output of the PV system 530 kwp
Self-consumption optimisation in
Amortisation period 3.52 years | Utilisation of the PV system combination with battery storage

Source: Schaltbau

NN

e -

Thermal storage ~10MWh 3 : 3 [ ]_ ~) 650 V DC
4 _ @HY] ]

Transformer Active Infeed
Source: Schaltbau PR DC/DC
A Warehouse,production, laboratory, development . e Converter
requency et e A a S 5 e pussksssalassasdauss
Inverter (Fl) = -
A 85% lower peak load of the high  -bay warehouse compared to AC =
) A IE\RrE\ R e ;
A Reduced stress on the supply network [ (SO [@]
“Robot Loads LLoads w/o ;-l-eat pun;'p ‘Energy-
Factory with Fl Fl storage

Source: Schaltbau
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Use Case Electric Vehicle

the driver for DC solutions with a high quantity market

DC 4 . )
. . High power consumer
Siljrceel TCOZEtLI Electric Vehicle (FCEV) DC xC A x-by-wire, active suspension
I = DC N A aircon compressor, heater
\ DC A auxiliary units (commercial vehicles)
DC N == A mild hybrid drives
502200 kW N <

48V Power net

Plug-in Hybrid Electric Vehicle (PHEV) ng :Oogv :r o ltaged 48V

Battery Electric Vehicle (BEV) 1202850 V

DC

| AC DC

" On-board charger (OBC)
3,5222 kW

DC 12V
v T8 &0 E7 1.5 KW | 7
3

12 V Power net )

Traction

PR

nverter 20...500 kw
20...200 kw

Traction battery

15...100 kWh
1202850 V

fast charging
502350 kW

Source: Opel
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Use Case DC Charging from a DC Microgrid

E Energy Bidirectional
nergy storages generation charging

AC grid Transformer =
i tﬂj @
|z () A
N o —

Bidirectional
energy flow

o 1

A—p

!
DC breakers 1’31 I 44 I

DC sectors

chm §

Machines and Variable Passive loads Auxiliary 1~230V/
robots with speed (light, heat, ...) power 3~ 400V
DC supply drives (PLC, /O, sockets
sensors,...)

dwi tBIbC

1000 V (750 V)

50(60) Hz N R R —|l€5 4@5 —l@ (0)100V...950V (500V)

50...350 kW

DCI4_Charge L1 ol i
SpeC|fy DC L2 o—lH § — r—
Charging from a L3 o—ill- =

650V DC-Microgrid

__Jlﬁ
AXZE | A 45}43} -‘-l

Classic DC fast charging architecture: galvanic isolation done on grid side

560 V (650 V)

L

and 1000V {B@s inside of the charging statior

This concept only enables one fast DC charger behind the transformer (according to IEC 61833).
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Use Case DC Charging from a DC Microgrid

DC fast charging: galvanic isolation done inside the converter

No PFC / Rectifier needed due to a DC MicrogridpC/DGConverter
A

PFC Rectifier ’ e
4@ 4@54 = JE{L}JE}% CEA
i ., ¢ |

- .-T}L J:
KR A - JE o

Medium Frequency transformer

, . . Isolating stage
e Compact size and reduced weight yeqium frequencytransformer

"® Reduced efficiency and reliability
due to additional semiconductors

Cost savings through fewer power electronic components, more efficient
installation, and lower connection costs
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Use Case DC fast Charging park with a DC Microgrid

many charging points connected to a single DC  -link

Example: Sortimo Innovationspark in Zusmarshausen, Germany 2,
144 charging options, 120 DC fast chargers 2 S
1000 V DC Microgrid 25
¢ , ‘
I DC —ﬁ (0)..950 V
DC | 50...350 kW
@
I \\Dcﬁ (0)..950 V
50...350 kW
20 kv —DC
AFE —9 £
I I DC ﬁ (0)..950 V 23
S oo
IDC Q 50...350 kW =2
¢ 25 R
1.3 MW . i g
) ) 3
[ ' 3
‘ . ~ = Without galvanic isolation between the charging points,
. DC g this topology is normatively not authorized
¢ | i (IEC 61851-23 ED2 FDIS 2022)
4 bC
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Use Case DC BUS charging with a DC Microgrid

limited AC grid capacity needed because a single DC -link for all chargers, PV and battery buffering

ﬂ, A ';tb ‘ G A D ARG = %
DC BUS charging depo in Munich DC Distribution Carbinet
Charging up to 25 EBuses with up to 500 kW Protection devices and control units for the DC microgrid
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