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« Electrical Engineer

Portugal
« Simulation

Gold Partner

» Magnetic field for switching devices
« Short circuit & selectivity

* Direct current background

* 2010 — alternative DC breaker
concepts

2016 — Eaton lead for DC-INDUSTRIE
e 2019 — Coordinator DC-INDUSTRIE2

» 2022 — Chair Open DC Alliance
ODCA
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Global Average Temperature Change

+1.0 °C '\\//'ve:ﬁ;’a' "Little
period" ice age”
+0.5°C We are here
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Source:Global temp. Change: By RCraig09 - Own work, CC BY-SA 4.0, https//commonSW|k|r¥1ed|aqu/W/lnaexpﬁs?curldz87832845
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« Berkeley Earth

T
o

warmest years on
record

e Independentu.s. | Land and Ocean Temperatures 1850-2023 5
non-profit -
. . U
organization e
* Focused on >
environmental e
: -1 £
data science and S
analysis. :i)
e Last 9 years have g2 §
been the 9 ©
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I—and Mass warms "\ E Temperature anomalies relative to 1850-1900 average and 95% confidence intervals
faster than oceans Land data from Berkeley Earth, ocean data adapted from HadSST after interpolation
Temperature anomalies for sea ice regions are calculated separately and not shown
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Source: https://berkeleyearth.org/global-temperature-report-for-2023/
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Worldwide annual CO, emissions from
fossil fuels and industry
35 Billion t

inData
World
2022:

37.15
billion t

1992

First UN climate summit
Rio de Janeiro

22.58 billion t

30 billion t

25 Billion t

20 billion t 1972 I
1
15 Billion t Club of Rome: I
“Limits of growth” / |
10 billion t 1623 bl”lOﬂ I I
1 1
5 billion t I I
1 1
ot ‘ y \ — 1 ‘

2000

OurWorldInData.org/co2-and-greeinvuse-gds-emissions | CC BY

1920

Data source. wioval Carbon Budget (2023)

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO) emitted from the burning of fossil fuels, and directly from
industrial processes such as cement and steel production. Fossil CO; includes emissions from coal, oil, gas, flaring, cement, steel, and other
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

https://ourworldindata.org/grapher/annual-co2-emissions-per-country
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Cumulative CO, emissions from
fossil fuels and industry since 1750

Our World
inData

Europe
500 Billion t P

USA

400 billion t

300 Billion t China

Asia w/o CN, IN

200 billion t
100 billion t
India
South America
OtF

1850 1880 1900 1920 1940 1960 1980 20002022

Data source: Global Carbon Budget (2023) OurWorldInData.org/coZ-and-greenhouse-gas-emissions | CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO) emitted from the burning of fossil fuels, and directly from
industrial processes such as cement and steel production. Fossil CO; includes emissions from coal, oil, gas, flaring, cement, steel, and other
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

https://ourworldindata.org/grapher/cumulative-co-emissions
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* Intergovernmental Panel on Climate Change
* 195 member states, secretariat in Geneva, CH
- Established in 1988, https://www.ipcc.ch/ ipcc

* Reviews relevant scientific literature
* Does not conduct research on its own
* Prepares reports for governments and stakeholders

» Three-stage review process for each report
1. Expert (peer) review
2. Review by governments
3. Government review of the “Summary for Policymakers”

» Most recent summary published in spring of 2023

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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° |PCC rep 0 rt 2023 Evidence of global warming already underway

+ Climate change is man-made Contaloslcamdote
 Climate change impacts people and
ecosystems more widespread and
more severe than expected
* |t leads to drastic changes
+ Last decade has been the warmest for
> 100 000 years!

* Sea levels rise faster
« Oceans warm faster

« But: We have the means to
prevent this
* We need urgent, systemwide
transformations to secure a net-zero,
climate-resilient future S PO

Glacial retreat unmatched for
2,000+ years

Last decade warmer than any period
for ~125,000 years

Sea level rise faster than any prior
century for 3,000 years

Summer Arctic ice coverage smaller
than anytime in last 1,000 years

) Ocean warming faster than at any
time since end of the last ice age

Ocean acidification at highest level
of last 26,000 years

Source: https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-change-findings
E;TON Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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e |PCC re p ort 2023 10 key solutions needed to mitigate climate change
* Power generation, buildings, T p—
. g g ]. coal plants
Industry, and transport are
. 7N INVEST in clean DECARBONIZE
responSI ble for Close to 80% 2. ﬁ energy & efficiency 7. % aviation and shipping
Of IObaI emISSIOnS Al RETROFIT and HALT deforestation &
g ) 3. DECARBONIZE buildings 8. m RESTURE[fejra:]Ed lands
« One necessary measure is
investment in clean energy 9. [Of rmepiwenor:
& e.ff|C|ency (2.) 10. s e
¢ DC I S p art Of th e Source: IPCC ARS. WORLD RESOURCES INSTITUTE
Oh e O

solution

Source: https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-change-findings and §
https://www.ipcc.ch/report/aré/syr/
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People turn ideas into reality

Open
system \'

‘ 4 Integrate E !
y ¥ = g green energy Resource & energy
~ p AL ; : efficiency
DC-1\*= | ' o
INDUSTRIE ,

Kick-off meeting 8 #2019, Lemgo, TH-OWL [ | Reducedieedin '”Cfeasedava"ab"”y

Committed, efficient collaboration
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Powering Business Worldwids © 2024 Eaton Corporation. All rights reserved. 12



NEFI talk: Results of research projects DC-Industry  RGustrie
DC-INDUSTRIE project partners ODCA-=

direct current by zvei

45 corporate & research Funded by German 150+ engineers &
partners government researchers

KEBR MiIKHS KUIKKA ©®LAPP Lenze

LEONI [kesde

. o

MEMBIR OF THE ARIURG FAMLY Audi

e

PowerSystems
BENDER Bizlink miockes BMW
£ ; GROUP
SIEMENS W B onne  THY e B
lngemuify for life ‘ prpver ek OHL __ I =z
; . ]
rexroth DAIMLER p— E;I;ymm (L 55 Polecir Ot Supparted by:
= . % Federal Ministry
weidmiller 3 ~ WOhNer — yaggawa ~ ZVEl B | e scton:
% E‘ql—.‘/’é\‘\ Gerotor H: HOMAG JEA"‘MMH'E'TOE'R“@ on the hasis of a decision
e W< by the German Bundestag
© DEHN @ Fraunhofer Institute for Integrated Systems and Device Technology 11SB
or hofer Inst fi ation IPA @ Masct fabrik R H @
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* Technology proven in 10 model Model application @ Mercedes-Benz

applications

« Peak power reduction 40-80%

* Recover braking energy

* 50% less copper in cabling vs.
3~AC

« Simple integration of photovoltaics

BMW * Homag

KHS * KUKA
Mercedes-Benz (with 3 models)
Fraunhofer IISB  « Fraunhofer IPA

Ostwestfalen-Lippe University of Applied
Sciences (TH OWL)

and energy storage

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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* Mercedes-Benz

e Production cell
with 4 robots

- Challenging - 5 individual carriers8
energy demand i in ri
(Alwelding) - with slip rings

« Continued from a\ % » Coupling of two
EU project AREUS | (4’ applications

« Homag « KHS

* Wood working machines » Beverage

« Many loads container

+ Sensors & handling
actors

e * Open
* Integrated *’E copncept

energy storage

E-1-N

Powering Businsss Worldwids

* Mercedes-Benz
» Suspension track

e > 30 drives

Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
© 2024 Eaton Corporation. All rights reserved.
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More applications for DC-INDUSTRIEZ2 1/3 ODCA==

 Car body production cell e |

* Focus
* Energy distribution & storage
* Energy feedback to grid
« Switching and protection

« KUKA
» Test cell with 4 robots

* Focus: robot control

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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More applications for DC-INDUSTRIEZ2 2/3 ODCA=

* Mercedes-Benz Factory 56 = "‘f‘

 Large distances & power
« 222.000 m2 production area

« 2 MW DC grid for hall infrastructure
* 1 MW solar energy, 5.7 MW peak

* Goal: CO,-neutral production

« TH OWL (Lemgo)
* Model electro-mechanical loads, up to 11
axes
» Storage  Several infeed rectifiers
* Focus
*  Model dynamic behavior in real time
» Test virtual machines in a DC environment
* Test of multiple failure scenarios

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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More applications for DC-INDUSTRIEZ2 3/3 ODCA=

- Fraunhofer IPA —
» Industrial power distribution Lt
« AC-DC transformation
* Protection concept
 Parallel operation of AICs

 Fraunhofer IISB

* DC infrastructure in office
building
* Electric car charging

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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Advantages of DC T g eeeeeeeeeeeee L)
o A7 g b

(o4 T e B i 41

Next steps

1111111111

Commercia! charging
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Results of DC-INDUSTRIE ODCA--
 Mercedes-Benz  Mercedes-Ben~
« Production cell -~
with 4 robots
« Challenging
energy demand
(Al-welding)
« Continued from
EU proiect A1
" Denice®
° "_e
e Hom C 5\]5
Woo® D ! (%
* Many | NO 0 container
 Sensc \ ,./\0 \oN (@) handling
actors e P\ edu(‘,\.\ - Open
energy <® : | )
« > 30 drives
E.‘.T’N Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024

ness Worldiwits © 2024 Eaton Corporation. All rights reserved. 20



NEFI talk: Results of research projects DC-Industry  RGustrie

General requirements for protection devices ODCA=
Requirements AC grid Energy storage Electricity generation

e Conduct current
« Detect fault

I+ (63

Energy flow
bidirectional

currents
* Interrupt fﬂ i | t Hl} t m l DC-Sectors
operational & ' SEESO

fault currents

i

DC breakers ﬂH

e |solate

! !

No difference =
between AC # -
and DC @ u
Machines and Variable Passive loads  Auxiliary power AC sockets
robots with DC- speed (light, heat, ...)
supply drives
E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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1. Inrush current of
capacitors
=> Limit pre-charge
current
2. Many distributed
sources, capacitive
grid
=> Rapid rise of short-
circuit current
=> Ultrafast operation
3. No strict “top-down
energy flow
=> Detect direction of
current for selectivity
4. No natural current-
zero crossing
=> Force current to zero

E-1-N

Powering Businsss Worldwids

Energy storage Electricity generation

ol o

AC grid

Energy flow
bidirectional

‘fl} mt Hl} t m l DC-Sectors
( > DC650V Gmp 0
DC breakers ﬂ” ﬂ” ﬂ;T il

4 4 g '

=18 N

Machines and Variable Passive loads  Auxiliary power AC sockets
robots with DC- speed (light, heat, ...)
supply drives
Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
22
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* Rationale for fast operation T T T T T T T I
* Ensure operation of healthy parts of the system . - L
* Avoid discharging of storage devices | 1 L |
« Limit short-circuit current to protect semiconductors ) 1 _\\‘ ]
in the circuit : i IR \ I
« Solution L] ____________ ,:‘»IGBT I
* Power semiconductors ! K module (S)'
Example IGBT + Diode @—IO-—/’—O—M—O-@-LQ-O—rO—:I—O—l—@
« Varistor limits voltage I L ____3- _ 3? i Shunt I
+ Isolation contacts disconnect w/o current-flow DC ’ﬁ' . '%
Other functions grid ! - '3
+ Detection of over- & undervoltage | Varistor I
* Energy measurement < > o——15 . O
 Communication | S © I
- Properties | — Semiconductor breaker |

* Fast (< 100 ps switch-off time)

* Low fault energy
<< 1% of mechanical breaker

E; ON Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
Powsting ks © 2024 Eaton Corporation. All rights reserved. 23
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Cabling: Resource- and energy efficiency ODCA-=
Wiring type B1 _ .
* Inverter-operated Namber o T ©30°C ambienttomn
wires loaded acc. to IEC 60364-5-52
3~m OtOr 7.5 kW Wire cross Max. -

section in mm? currentin A

400 V AC 5 T8 155 ; . .
Current 20 A 28 M - |
Cable cross ____©& 4l 36
section 2.5 mm? * 50% less copper
Total * 50% less power loss
copper 10 mm= « Same insulation requirement

« 2500 € lower power bill per
year per km cable
* (2 shift operation, 10 ct/kWh, full load)

Power loss 8.6 W/m

E;TON Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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direct current by zvei
e DC g rid Energy flow

» Less effort
 AC/DC conversion for each
drive is redundant

3~

9

* Fewer components Ger:jerator
. mode
» 100% recuperation of Infeed
: rectifier
braking energy (=)
* Into different motor *- Motor

* Into storage device
* No need to “cool-away” the

operation

braking energy — additional Storage
saving :
l
E;TON Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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DC Benefit: Mains peakipowerreduction ODCA—

» AIC + capacitive storage H: HOMAG

® Red U Ctl O n p eak % ' ——AC acti_ve power, uncontrolled rectifier
AC . 47 kW peak C ——IDC active power (AIC + storage)
O . I _
o DC: 27 kW peak

- 43% reduction

 Power factor:

o AC: 0,72
o DC: 0,99
 Apparent Power N | | |
(integral over time): Y
© 30% reduction
E-T:N P Hartuig Stammberge | Caton, o oermany 123 Jan. 202¢ 26
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Benefits of Direct Current ODCA--

. 50% less copper and 50% reduced
power loss In cabling

Complete recovery of braking energy

. Significant reduction of peak power
demand from AC grid

Resilient — simple integration of
energy storage & renewables

Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
© 2024 Eaton Corporation. All rights reserved.
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Results

Advantages of DC T ﬂ W
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Next steps

..........

Commercial charging
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Next steps — outlook ODCA==

direct curren t by zvei

 Technology is ready

« Address hurdles
* Regulation, standardization, education

« EU commission
» Strategic Energy Transition Plan for LVDC

* Provide platforms for collaboration of DC
stakeholders
* Open DC Alliance ODCA | Current/OS

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
Powering Business Worldwids © 2024 Eaton Corporation. All rights reserved. 29
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Open DC Alliance ODCA ODCA==
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International alliance .
* Founded Nov. 2022 ODCA=—= _
« 57 partners — up from

33 founding members

direct current by zvei

* Vision |
« DC contributes to a sustainable "g kX {3 ;]
world e :
. . \'Plenary in Herborn @ Rittal, Sep. 2023
 Mission e s e
 Establish an international DC
ecosystem E | E
: IS
« https://openDCalliance.org H -
E;TON Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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Sources ODCA--
. Fﬁ/;beénTﬁgzz?pt DC- * Intergovernmental
“AbschlussBericht des Panel on Climate
Projekts” Change IPCC
 https://odca.zvei.org/resource * https://www.ipcc.ch/

s/publications/updated-

system-concept-for-dc- _
industrie2-published , Sep. * IPCC ARG synthesis

2023 report
 Website Open DC

Alliance ODCA
 https://odca.zvei.org

* https://www.ipcc.ch/report/ar
6/syr/ , 2023

E;TQN Dr. Hartwig Stammberger | Eaton, Bonn, Germany | 23. Jan. 2024
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