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Challenges and Use Cades DCMicrogrids
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Technolog\Kit for Sustainable Energy Systems Already Exists DC Microgrids
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DC Microgrids
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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 seksufficiency 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 CP E = . T

Load profile analysis incl. useful
plots und key figures

Load prognosis based on ML-
model incl. model trainings
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Use Case DC Homes / Commercial Buildings DC Microgrids
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Lighting Lighting
DC & DC -
DC / ’ Dc_/"’
Air conditioning, kitchen 2 O conditioning, kitchen
DC 7~ ar DC
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8 IT
DC
DC J DC
Battery storage Battery storage
AC grid L+ DC
L DC
BE
Sy bidirectional
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USE Case: Decentral Home Energy System DC Microgrids
typical DC coupled PV/Battery installation with AC backup are easy to install

- -

DC Microgrid in a converter system for DC grids
. App— for_small DC I\_/Ilcrogrld_s, e.g. residential bun_dlngs,
Self-supply of%entire household all in one Device solutions are very easy to install.

in case of emergency power (single

7 and three-phase appliances)
Fraunhofer 1ISB
Local power generation DC Application Center Public AC grid
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0 MPP trackin 0.20A DC|bC 11..+11kW  bidirectional AC grid link
oy, . 4 s —~=
1 ' H H . . . -40..+40A . DC @ _, 0..20 A, 380 Vp

DC Side in homes is growing: Stationary batteries > .. Consumers
- . ( -60..460 A DC | DC ., -20.+20A
ADC coupled DC charging oo [
ACoupling of DC link in Heat pumps
AMore and more Battery powered N " | MRS

tOO|S j’:;!DK(QRlD MP:N_A.Qi;R
AMost small equipment uses USB
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USE Case: Decentral Home Energy SystBackup

AC Backup

with Battery Inverter
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e=ee=  CAN
= Speedwire/Ethernet
—— Control cable

& Radio

system is running in backup.

(S5

Distribution board
on site

On site!

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

AC Backup

with Hybrid Inverter

AC bypass Inverter

backupgenerator

Hybrid Inverter

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

only single source systen
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DC Microgrids

DC Backup

DC

DC/

DC 380V

Battery storage

DC
DC

DC +/- 380V

J

DGBackup requires no change in the Systen
and works as normal no Backup Box or
Backup Controller needed.
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USE Case: Decentral Home Energy SystBackup geim—_) DC Microgrids

1

AC Backup | w=aen | AC Backup
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Hybrid Inverter bC
. . . . (10 kW backup) or DC +- 380V oc
AGBackup requires coordination and comes with a lot of Backup generator (8kKVA) _ _
restrictions like limited power. Often only a part of the can provide backup DGBackup requires no change in the Systen
i P only single source system and works as normal no Backup Box or
system is running in backup.

Backup Controller needed.
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Use Case DWMlicrogrid in Commercial Buildings DG Microgrids

Building A Building B
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100 kWh battery storage systems
Redox Flow storage system (right)
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USE Case: Direct Current Data Center ﬁ—e DC Microgrids

1

Traditional AC Infrastructure |

AC |
PDU
UPS PSU Server
MV 480 V pc| |bC 208 V pc| 380V DbC, ;
AC AC DC /e
Power Supply Unit i

Serverackmodule

—IHH—

UninterruptiblePower Supply Power Distribution Unit
Modern DC Infrastructure DC |
PDU | |
Rectifier PSU Server
MV 480 V DC 380V 380V :
AC DC DC

—HH—=

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

Serverackmodule —
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Use Case DC Microgrids in Industry

Overview

DCIndustrie2:

Energy storage Energy generation

| (] e
= (33
feedback

M Mﬂ 1 H} 1 Ea} 1 DC-Sectors

¢ — DC650V —>

0
oC breakers %I %I %1 wl W

AC grid

Transformer

Energy flow
bidirectional

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

Emergency power
(extremely rare in industry)

AC-distribution
O=—

]

top-down

Transf ."' =
ranstormer + -
+—i-
Energy flow l % =E

f

:
L—e

I

i

=

L) ) = 7S

Machines and Fixed speed Variable Passive loads  Auxiliary power 1~230v/
robots drives (Mains- speed drives (light, heat, ...) (PLC, 1,0, 3~ 400V
synchronized) sensors,...) sockets
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Use Case DC Microgrids in Industry yim—_ DC Microgrids
Voltage Specifications in Industrial Environments
850

1

Nominal operation
m fully functional

750 E E— E— E— Stationary over-/undervoltage
— — E— E— m continuous operation permitted
=~ 700 — ——  Ubcnom= _—— —— m derating permitted
= — 650 ...750 V U  — : : -
> — ] | DCnom = m active grid participants counteract the
4%'3 650 — ——— — T voltage deviation
© — E— ] ——
> —] E— E— E— )
& 000 = E— —— E— Transient over-/undervoltage
= —  Ubchom= —— —— —— m voltage may be in this range only for a
550 = 485 e25v — — — SR
—] —— ——— E— limited time
500 — — — — m functional restrictions are permissible,
— —— ——— —— but must disappear when the nominal
450 — ——— ——— —— voltage range is returned
400 — — — —
I
— ———
350 T
Uncontrolled Uncontrolled Active controlled
rectifier from rectifier from frontend from
AC 400V (B6) AC 480 V (B6) AC 400V

ODCA-=

according to a proposal of the ODCA consortiugRct current by zvei
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Use Case DC Microgrids in Industry yim—_ DC Microgrids

ExampleSchaltbau
o g Properties Value Unit Properties Value Unit
2 Small parts warehouse with DC microgrid  Overall efficiency AC 81.88 % Total output of the factory 5 MW
| Overall efficiency DC 88.37 % Total energy of the factory per year 18 750 MWh/a
¢ Efficiency increase 6.49 % Factory size 15 000 m?2
‘ '. Total need AC with PV 17 263.04 MWh/a Energy price 0.20 €kWh
Total need DC with PV 15 110.24 MWh/a CO,-emissions 354 gCO,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
I Amortisation period 3.52 years I Utilisation of the PV system combination with battery storage

Source: Schaltbau

P - a7 > : '
. o
LTt | B E [\K

@]_ '3\,, 2 650 V DC
Source: Schaltbau [ =) e Y1 )
Transformer Active Infeed 5
Converter (AIC) :
4 . = DC/DC
A Warehouseproduction laboratory development . St Converter
requency jridbsosiseasabess = \SeadeatEa
Inverter (Fl) = -
A 85% lower peak load of the highay warehouse compared to AC =
i (o=: ) P f §
A Reduced stress on the supply network [ | (SOl [@]
“Robot Loads LLoads w/o ;-i-eat pun;i) ‘Energy-
Factory with Fl Fl storage

Source: Schaltbau
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Use Case Electric Vehicle DC Microgrids

the driver for DC solutions with a high quantity market

DC (" . )
. . High power consumer
IS:O lJIrceel 'Igygt!al Electric VehIC(ECEV) DC xC A x-by-wire, active suspension
' . DC /C A aircon compressor, heater
\ DC A auxiliary units (commercial vehicles)
DC N == A mild hybrid drives
pnXuHnn 32 B -
48V Power net
: : , , ; i1 3S4 48V
Plugin Hybrid Electric Vehicl@PHEV) al AdK - G2tul3s

DC power net

Battery Electric Vehicl¢éBEV) MHAXYypn *
DC
DC
Onboard charger (OBC)
OXZpPXHH 1?2
DC 12V
L & E 7 DC 12V Power net -
1..5 kw
Traction
AC
Traction battery
fast charging inverter 20...500 KW 15...100 kWh

MHNANXypn =

20...200 kW

pnXopn 1232

Source: Opel
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Use Case DC Charging from a DC Microgrid DG Microgrids

Energy i Bidirectional _,
Energy storages generation : charging 1
AC grid " 1
- Transformer = b :
53 I & (@

c = 1 ..
B “; Supply and - ! ! ‘
g ED feedback | I
@ g + Th 4 ! 1 :
m o UE ] Dﬁ I l E‘i :_-__ |.i'.|j_____‘|

— DC650V
DC breakers il ! l dd l 1}
DC sectors
Q E ! > -
Machines and Variable Passive loads Auxiliary 1~230V/
robots with speed (light, heat, ...) power 3~ 400V
DC supply drives (PLC, I70, sockets
sensors,...)
DSNXYIyY t NRB2SOU 5/-lIhdudtri€l NERS/ CSH.UU$ yoRhau Ko 5 /
DC charging Use Case

1000 V (750 V) 560 V (650 V)
= —U@S -ﬁ%_}ls 0) 100V...950V (500V)
DCl4Charge 1 _—-5-9-(-6-9-)-}12 AR 'GS © 50...350 kV\(I )
specify DC Chargin L2 o— = = - I
from a 650V DE L3 o—- = ﬁ
Microgrid . YNNIV . -Uﬁi rﬁi T l -

Classic DC fast charging architecture: galvanic |solat|on done on grid S|de and 16B0¥iDse of the charging station.
This concept only enables one fast DC charger behind the transformer (according to IEQ31851
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Use Case DC Charging from a DC Microgrid geim—_) DC Microgrids

DC fast charging: galvanic isolation done inside the converter

1

No PFC / Rectifier needed due to a DC MicrogridbC/DeConverter
A

PFC Rectifier ’ 1
GGk 4| F3ky £ 7
 — L —1 <
L3 —
N
4'@5 Ak K | FEE ya

Medium Frequency transformer
; . . Isolatingstage
© Compact size and reduced weight Mediumfrequencytransformer

‘@ 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 DC Microgrids

many charging points connected to a single ik

Example Sortimo Innovationspark in Zusmarshausen, Germany 2.
144 charging options, 120 DC fast chargers 25
1000 V DC Microgrid 25
g_ln
¢ , .
I DC ——ﬁ (0)..950 V
I |oc 50...350 kW
@
L Yﬁ (0)...950 V
: 50...350 kW
20 kv +—PC
AFE —9 s
o : bc & (0)..950V ze
DC 50...350 kW g % -
1 . e gl e
1..3 MW o o 2
S : g
- - &
DC
‘ - ~ = Without galvanic isolation between the charging points,
L § DC v this topology is normatively not authorized
¢ - (IEC 61851-23 ED2 FDIS 2022)
— DC
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Use Cases for bidirectional charging DC Microgrids
Overview

Many Use Cases for bidirectional charging: D K E

A Standardization needed for broad adoption of bidirectional charging National Committee DKE 353.0.401B

A Complex Interfaces between all stakeholders . )
P wrote a report about bidirectional

charging Use Cases.

Sotree: VDA: | Hiiiuse —
Kuﬂden- Regelung Protocol TBD (e.g. Open ADR
Open ADR

Eigenverbrauchserhohung Lokal |
V2H Tarifoptimiertes Laden/Entladen ‘ ‘ Lokal o i
V2H Notstromversorgung ) é Lokal " :
V2G Intraday-Handel F & ks Zentral & i
V2G Primérregelleistung (PRL) ff ‘ Iﬁ Lokal |
Redispatch Zentral i
[
e |Fotsegemert | K[ M (em ) 8 (o 00
Mobil Mobile Powerbox - ke Lokl e A i S AT i S ew N
VX COzoptmietesLace ¥ Ak Lo | mm—— G T
Vav Vehicle-to-vehicle charging - @& Lokal charging Staon = AC, D or wireless | EMS = Eneroy Sysem | HVAC = Hoating, Ventlaton & AC | SWGW = Smart Metr Gatewny
Systembild — Customer Energy Management System — System Integration - Deutschland
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Use Cases for bidirectional charging we—_ DC Microgrids

EMobiGridg standalone mobile container DC Microgrid =~ i=r=s=rmrmsmrmemem s s s m i — -
4

-

/ll\
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3x100A = i e ettt T F T
_ z P z 1{DC - 50 kW
- - o DC | el [N © ﬂ
=1 5l Q
2 i
ol I
=2 =N I oY 50 kW
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Nl 1 J N o
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ey 1 1 1
mmm -
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Use Case with Fuel Cell System or Redox Flow Battery DC Microgrids

direct coupled storage systems

Fuel Cell System in B&2id
Redox Flow Battery in B&rid

Source: Fraunhofer 1S
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