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Main Location
Branch Office

Fraunhofer Society

ÁApplied Research Organization

ÁAround 29 000 Employees

Á75 Research Institutes

ÁAnnual Budget: 2.8GEUR

Fraunhofer IISB in Erlangen

ÁDirector: Prof. Dr. Jörg SCHULZE

ÁR&D Fields:

ÁSemiconductor Technologies (Si & SiC)

(1000 m² clean room ISO4/5 Class100/1000)

ÁPower Electronic Systems

ÁCooperation with the Friedrich-Alexander-

University Erlangen-Nürnberg (FAU) and with the 

University of Bayreuth (UBT)

ÁStaff: 280 Employees (210 Scientists and 

Engineers)

ÁAnnual Budget: ~25MEUR

Á30% Public Funding + 70% Project Revenues

ÁHomepage: www.iisb.fraunhofer.de

Introduction ƉFraunhofer IISB
Location: Erlangen (Germany)

https://www.iisb.fraunhofer.de/
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Intelligent Energy 
Systems

Vehicle 
Electronics

Packaging and 
Reliability

Materials
Technology and 
Manufacturing

Fahrzeugelektronik Power Electronic SystemsSemiconductor Technology

Fraunhofer IISB

Modelling and Artificial Intelligence

Si
SiCGaN

Introduction ƉFraunhofer IISB
Organization of the Fraunhofer IISB in 6 Research Departments
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ƁLess technical, but rather normative and regulatory challenges should 
be addressed.Ɓ

Challenges and Use Cases for  DC Microgrids
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Photovoltaic 

Geothermal

energy

The Challenge
Combine the right technologies and design the 

individual components application-specifically so that 
the overall system is as economical and sustainable as 

possible! 

Fuel cell

Local heat/

cold grid

Heat 
pump 

CHP plant 

Electric

vehicles

Battery

storage

Wind

power

Cold/

heat

storage

Biogas

LOHC

technology
H2

electrolyser Pressure 

storage

Redox-Flow

battery

Technology Kit for Sustainable Energy Systems Already Exists

ƁDC is a simple way to create complex energy systems with many different 
technologies. When DC standards and best practices have been established, we 
regain simplicity in advanced energy systems.Ƃ 
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Complex energy infrastructures with close coupling of 

(sub)systems

High number of boundary conditions, constraints, and 

optimization goals

ÁHolistic view of the energy system of interest necessary

ÁHigh complexity requires tools for optimization

Coupled energy systems with different energy sectors

ÁElectrical networks (AC and DC)

ÁHeating & Cooling (HVAC, Process Cooling)

ÁGases (hydrogen, natural gas, process gases)

ÁCompressed air, vacuum

The energy sectors are coupled via generation plants

ÁOptimization of a component or subsystem does not lead to

improve the overall system

ÁTherefore, all relationships between components and networks are

considered

Boundary conditions of the components

ÁDifferent classes of components: import/export, generation plants, 

energy storage and consumers

ÁEach component has individual boundary conditions, such as 

rated powers, state of charge limits, dynamic behavior...

Typical optimization goals in energy systems

ÁOptimizing self-sufficiency through renewable energies

ÁEfficiency of generation plants and energy distribution

ÁPeak load reduction and load shifting

Ą Emission reduction, cost savings

What makes optimizing energy systems so difficult?
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Overview of IISB software toolbox

Screenshots of the ProEnergie software toolbox (https://proenergie-bayern.de), freely available at: https://gitlab.cc-asp.fraunhofer.de/proenergie

Tools for Designing, Optimization and Operation of DC Microgrids

https://proenergie-bayern.de/
https://proenergie-bayern.de/
https://proenergie-bayern.de/
https://gitlab.cc-asp.fraunhofer.de/proenergie
https://gitlab.cc-asp.fraunhofer.de/proenergie
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

DC Side in homes is growing:

ÁDC coupled DC charging

ÁCoupling of DC link in Heat pumps

ÁMore and more Battery powered tools 

ÁMost small equipment uses USB-C

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. 
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Use Case DC-Microgrid in Commercial Buildings
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MV
480 V

AC

UPS

208 V

AC

AC

PDU

380 V

DC

PSU

Power Supply Unit

12 V

Server

MV
480 V

AC

Rectifier PSU

12 V

Server

DC

PDU

380 V

DC
380 V

DC

Traditional AC Infrastructure

Modern DC Infrastructure

è Less investment costs, higher energy efficiency, lower space requirements, significantly higher security of supply 

Power Distribution UnitUninterruptible Power Supply

Server rack module 

Server rack module 

USE Case: Direct Current Data Center
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DC-Industrie2: Status quo:

Use Case DC Microgrids in Industry
Overview
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ÁWarehouse, production, laboratory, development

Á85% lower peak load of the high -bay warehouse compared to AC

ÁReduced stress on the supply network

Source: Schaltbau

PV roof systems 1.3 
MWp

Small parts warehouse with DC microgrid

Ventilation

Thermal storage ~10MWh

Source: Schaltbau

Source: Schaltbau

Use Case DC Microgrids in Industry
Example Schaltbau
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Example: Sortimo Innovationspark in Zusmarshausen, Germany
 144 charging options, 120 DC fast chargers

1000 V DC Microgrid

Use Case DC fast Charging park with a DC Microgrid
many charging points connected to a single DC -link
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Use Cases for bidirectional charging
EMobiGrid Ɖstandalone mobile container DC Microgrid 
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ƁDC Systems offer a big field of optimizations in energy systems. But 
Planer, Installers, Inspectors and operators have less experience and 
often not the time to start in a project with setting up that needed 
knowledge.Ƃ 

Implementation and field  experiances
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System and System behaviour in Fault conditions Voltage and control

ÁSystem behavior an needed Components are depended of this decisions. 

ÁComponent choise and System preformance depends the System behaviour

DC Short-Circuit Currents

ÁDepending on used Sources (PV, Battery, Power Converters)

ÁAlternative Energy Sources

ÁPower Converters can limit the maximum short-circuit currents

ÁCapacitors provide short peaks

Electrical System and Earthing

ÁTN-S, TT, or IT System

ÁHow should the system be earthed

ÁBackup, grid-forming and grid following

Voltage level

ÁVoltage level and tolerance band can be set up in converters

ÁRight Nominal Voltage for the project

ÁThe choice of the correct voltage affects costs, cross-sections, 

and current-carrying capacities of the components.

Voltage  Control / Stability

ÁMaster/SlaveƉSimple for small systems but not flexible

ÁDroop Control ƉComplex to set up a stable configuration

ÁVoltage bands help to control the system, but requires 

wider tolerances

Typical Issues in DC-Projects
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Introduction  DC short -circuit  current  calculations
Reference to standards and motivation for simulation

Difference of DC short -circuit currents in DC grids compared to AC faults:

ÁCapacitive grid behavior and dominance of power electronics.

ÁDistributed sources and loads supplying fault energy Ą non-hierarchical behaviour.

IEC 61660-1:1997: Short-circuit currents in DC auxiliary installations in power plants and substations ƉPart 1: Calculation of short-

circuit currents

ÁLimited applicability to emerging DC power systems.

ÁNo DC/DC or isolated converters or PV systems.

ÁNo coverage of active LVDC voltage levels, earthing configurations and three wire systems.

ÁSimplified non-realistic capacitor contribution.

üSimulative approach
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DC Short-Circuit Currents
Characterization of DC short-circuit currents

Typical short -circuit current waveforms show three stages and can be classified 

regarding the steady -state behaviour .

ÁStages

ÁStage 1: Initial capacitive discharge

ÁStage 2: Discharge of inductance

ÁStage 3: Input source feeding the short-circuit

ÁSteady-state behaviour

ÁLimiting

ÁNon-Limiting
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DC Short-Circuit Currents
Converters

ÁSteady-state current heavily depends on converter 

topology and control strategies.

ÁNon-limiting converters cannot control the short-circuit 

current due to freewheeling diodes.

üUncontrolled current, only limited by the source 

conditions and grid parameters.

ÁLimiting converters can behave differently depending on 

their control algorithms.

üMaximum steady-state current usually does not exceed 

maximum nominal current.

Non-Limiting Limiting
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Capacitors

ÁPrecharged(VC) 

capacitance with ESR/ESL

Batteries

ÁVoltage source behind 

impedance (RBAT, LBAT)

ÁSoC defined by UBAT and 

factor cBAT

PV

ÁCurrent source following 

IEC 60364-7-712 approach.

Methodology  and Modelling
Sources

L

L/M

CC

ESLC
ESRC

VC

RBAT/2    LBAT/2

RBAT/2    LBAT/2

cBATUBAT

L

L/M

KI ISC STC ARRAY
L

L/M

AC supply  system

ÁModelling in the sequence domain following IEC 60909 to follow the 

approach in AC systems.

ÁFor DC sided earthing, AC grid to be modelled using only the positive-

sequence impedance.

ÁFor AC sided earthing (with  non-isolated interlink), zero-sequence 

impedance needs to be used as well.
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Methodology  and Modelling
Conditions & Variations

Simulation needs to be done with multiple fault locations and with multiple scenarios regarding the operating configuration. 

At least two different scenarios should be considered:

Maximum short -circuit current

ÁRequired for selection of components and selectivity:

ÁProtection devices (breaking capability).

ÁConductors (thermal and electrodynamic withstand capabilities).

ÁGrid configuration includes the entire grid, with all loads and sources.

ÁComponent variations: all tolerances and factors are chosen to result 

in the highest short-circuit current possible (upper limit of voltage 

bands, SoC of battery, maximum PV supply, capacitor tolerances, 

thermal dependencies)

Minimum short -circuit current

ÁRequired mainly for protection purposes:

ÁEnsure detection and interruption times.

ÁSometimes a minimum triggering current is required.

ÁSelectivity.

ÁGrid configuration excludes some sources (PV, regenerative loads) as 

well as disconnection of grid sections.

ÁComponent variations: all tolerances and factors are chosen to result 

in the lowest short-circuit current possible.
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Methodology  and Modelling
Summary/Overview

1. Modelling of system 

components

2. Definition of system 

configuration and conditions

3. Definition of locations 

and type of fault

5. Utilising results to select 

equipment and define 

protection devices and settings

Á Simplified power converter models

Á Voltage and current sources

Á Cables/conductors

Á Protective devices

Á Short-circut

Á Permitted operating conditions

Á Short-circuit contribution change

Á Voltage levels

Á Variation of component parameters

Á Source- or remote-end of circuit

Á Between live conductors

Á Between a live conductor and an 

exposed-conductive-part or PE

4. Simulation of all defined 

short-circuits
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Á Peak current magnitude Á Steady-State current magnitude Á Current rate-of-rise
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2

Battery
DC/DC non-isolated boost converter 

(bidirectional)

Circuit 2

AC/DC non-isolated InterLink 2-level converter

AC grid supply

Solar PV
DC/DC non-isolated boost converter 

(unidirectional)

DC/DC isolated single active bridge (SAB)

Circuit 3

Circuit 1

SRC-1

Circuit 4 Circuit 5

SRC-2

Main DC bus

Sub-DC bus

Circuit 6

Capacitor

Circuit 7 Load

OCPD

OCPD

Case Study
Grid and parameters

Proposed Methodology is applied to a simple two wire grid

Faults are placed in circuit 7 (case 1) and circuit 5 (case 2), one at the 

source end (case -a) resulting in the maximum short-circuit current 

and at the remote end (case -b) resulting in the minimum short-

circuit current. 

PV

Battery

AC supply

AC

DC

DC

DC

DC

DC

Capacitor

DC

DC

Load

Main DC bus

Sub-DC bus

SRC-1

20 kW20 kW, Boost

20 kW, Boost

100 kW, 2-level

40 kW, SAB

Circuit 1

Circuit 2

Circuit 3 Circuit 7

Circuit 4

Circuit 6

OCPD

SRC-2

OCPDCircuit 5

1a 1b

2a

2b

Parameter Maximum short -circuit current 
(case -a)

Minimum short -circuit current 
(case -b)

System    
configuration

All short-circuit contributors 
available and connected to the 
system.

For case 1b, only the AC supply 
and AC/DC converter.

No change for case 2b.
DC grid   voltage cDCmax × UDC = 800 V (U4) cDCmin × UDC = 500 V (U1)
AC voltage cACmax × Un = 440 V cACmin × Un = 360 V
Battery    voltage cBATmax× UBAT = 525 V Battery not connected.

Conductor    
resistance

Referenced at 20 °C Referenced at 90 °C

Battery       
resistance

RBATmin = RBAT (no adjustment 
applied)

Battery not connected.

Capacitance CC × 1.3 CC × 0.7
Capacitor ESR ESRC × 0.3 ESRC × 1.0
Inductance Saturated values (LSAT). Unsaturated values (LUSAT), 

otherwise LSAT.
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Case Study
Results

Short -circuit case Peak 
current

Steady-
state 
current

Initial rate -of -
rise

1a: Max . L+ to L- 27.7 kA 13.0 kA 167.1A/Ƶs

1a: Max . L+ to PE 19.4 kA 11.0 kA 45.8 A/Ƶs

1b: Min . L+ to L- 3.94 kA 1.17 kA 11.1 A/Ƶs

1b: Min . L+ to PE 3.26 kA 1.13 kA 11.1A/Ƶs

2a: Max . L+ to L- 6.13 kA Cut at 50ms 199.6A/Ƶs

2a: Max . L+ to PE 2.36 kA Cut at 50ms 32.0A/Ƶs

2b: Min . L+ to L- 1.13 kA Cut at 50ms 20.1A/Ƶs

2b: Min . L+ to PE 1.13 kA Cut at 50ms 20.1 A/Ƶs

PV

Battery

AC supply

AC

DC

DC

DC

DC

DC

Capacitor

DC

DC

Load

Main DC bus

Sub-DC bus

SRC-1

20 kW20 kW, Boost

20 kW, Boost

100 kW, 2-level

40 kW, SAB

Circuit 1

Circuit 2

Circuit 3 Circuit 7

Circuit 4

Circuit 6
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OCPDCircuit 5
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Measurement of different System parameters: Design, Planning and Commissioning

ÁFraunhofer IISB can support for your projects from early planning phase until 

final Operation. 

Inductance Measurement

ÁOn-Site Measurement of the system Inductance in real systems

ÁE.g. required in DC-Stations according to 61851-23

ÁGives information about the Energy that a protection device 

needs to handle. 

Impedance Mearsurement

ÁOn-Site Measurement of different System Impedances

ÁHelps to faster set up a system modell/simulation

ÁCan be used to design a stable System Controller. 

ÁIn a LTI-System the full behaviour is described by the Impedance

Workshops

ÁBest practices and how to design the system

ÁHow to choose the best fitting components

ÁWorkarounds and how to fullfill all normative requirements

ÁHow to make the VDE 0100-0600 measurements

Services

ÁShort-current calculations

ÁSystem modeling and Simulation

ÁTesting and Characterization of DC-Components

ÁCalculations about Selectivity and Droop curves

IISB Support in DC-Projects



DC-Component Test Center (up to 50 kA @ 1500V)



Public10.12.2025 © Fraunhofer IISBSeite28

Relaisforum2025 - Würzburg / Germany, 30.10.2025, Aktueller Überblick von DC Use Cases und der DC-Normung, Bernd Wunder, Fraunhofer IISB

On-Site measurment  of  350 kW Charging  Station

Inductivity  Measurment  System
for charging stations according to IEC 61851-23 Ed. 2.0



Impedance  Measurment  System

10.1
2.20
25
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