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Main Location
Branch Office

Fraunhofer Society

ÁApplied Research Organization

ÁAround 29000 Employees

Á75 Research Institutes

ÁAnnual Budget: 2.8GEUR

Fraunhofer IISB in Erlangen

ÁDirector: Prof. Dr. Jörg SCHULZE

ÁR&D Fields:

ÁSemiconductor Technologies (Si & SiC)

(1000m² 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 ς Fraunhofer IISB
Location: Erlangen (Germany)

https://www.iisb.fraunhofer.de/
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Introduction ς Fraunhofer IISB
Organization of the Fraunhofer IISB in 6 Research Departments
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ά[Ŝǎǎ ǘŜŎƘƴƛŎŀƭΣ ōǳǘ ǊŀǘƘŜǊ ƴƻǊƳŀǘƛǾŜ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŎƘŀƭƭŜƴƎŜǎ ǎƘƻǳƭŘ ōŜ 
ŀŘŘǊŜǎǎŜŘΦά

Challenges and Use Cases for DC Microgrids



DC-Microgrid Application, Use Cases and Standardization in Europe -  Bernd Wunder, Fraunhofer IISB 5/34

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! 
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Technology Kit for Sustainable Energy Systems Already Exists

ά5/ ƛǎ ŀ ǎƛƳǇƭŜ ǿŀȅ ǘƻ ŎǊŜŀǘŜ ŎƻƳǇƭŜȄ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ǿƛǘƘ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ 
technologies. When DC standards and best practices have been established, we 
ǊŜƎŀƛƴ ǎƛƳǇƭƛŎƛǘȅ ƛƴ ŀŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎΦέ 
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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://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: Decentral Home Energy System - Backup

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

DC-Backup requires no change in the System 
and works as normal no Backup Box or 

Backup Controller needed. 

AC Backup
with Battery Inverter

DC Backup
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Hybrid Inverter
(10 kW backup) or 
Backup generator (8kVA) 
can provide backup
only single source system

AC Backup
with Hybrid Inverter
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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

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

Power Distribution UnitUninterruptiblePower Supply

Server rackmodule

Server rackmodule

USE Case: Direct Current Data Center
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DC-Industrie 2: Status quo:

Use Case DC Microgrids in Industry
Overview
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according to a proposal of the ODCA consortium 

Use Case DC Microgrids in Industry
Voltage Specifications in Industrial Environments
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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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Plug-in Hybrid Electric Vehicle (PHEV) 
Battery Electric Vehicle (BEV) 

Fuel Cell Electric Vehicle (FCEV) 

Traction

inverter
20...200 kW

20...500 kW

1...5 kW

Traction battery

αIƛƎƘ ǾƻƭǘŀƎŜά
DC power net
мнлΧурл ±

DC

48 V Power net

12 V

48 V

AC

High power consumer
Âx-by-wire, active suspension
Âaircon compressor, heater
Âauxiliary units (commercial vehicles) 
Âmild hybrid drives  

15...100 kWh
мнлΧурл ±

рлΧнлл ƪ²

12 V Power net

DC 
fast charging
рлΧорл ƪ²

Fuel cell

Source: Toyota

On-board charger (OBC)
оΣрΧнн ƪ²

Source: Opel

υπȣσυπ Ë7

Use Case Electric Vehicle
the driver for DC solutions with a high quantity market
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Classic DC fast charging architecture: galvanic isolation done on grid side and 1000V DC-Bus inside of the charging station.

This concept only enables one fast DC charger behind the transformer (according to IEC 61851-23).

DCI4Charge
specify DC Charging 
from a 650V DC-
Microgrid

DŜǊƳŀƴ tǊƻƧŜŎǘ 5/Lп/ƘŀǊƎŜ ŜȄǘŜƴŘǎ ά5/-Industrieέ /ƻƴŎŜǇǘ ǿƛǘƘ 

DC charging Use Case. 

Use Case DC Charging from a DC Microgrid
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PFC / Rectifier

DC/DC-Converter

L1
L2
L3
N

Isolatingstage
Medium frequencytransformer

Medium Frequency transformer

Compact size and reduced weight

Reduced efficiency and reliability
due to additional semiconductors 

No PFC / Rectifier needed due to a DC Microgrid 

Use Case DC Charging from a DC Microgrid
DC fast charging: galvanic isolation done inside the converter

Cost savings through fewer power electronic components, more efficient installation, 
and lower connection costs
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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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Many Use Cases for bidirectional charging:

ÁStandardization needed for broad adoption of bidirectional charging

ÁComplex Interfaces between all stakeholders
National Committee DKE 353.0.401B 

wrote a report about bidirectional 
charging Use Cases. 

Use Cases for bidirectional charging
Overview
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Use Cases for bidirectional charging
EMobiGrid ς standalone mobile container DC Microgrid 
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Source: Fraunhofer IISB

Source: Fraunhofer IISBSource: Fraunhofer IISB
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Use Case with Fuel Cell System or Redox Flow Battery
direct coupled storage systems


