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THE POWER

BEHIND POWER.



At a glance

©

Family business since

1868

in the sixth generation
family owned

Economically healthy

1 billion

euros revenue in 2023
Highest rating (AAA)

Employees

4,000

61 nationalities
at 60 locations
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World market leader Q

50%

of the world's electricity
flows through our products

o Reliability
4 - 50+ years
o of OLTC lifetime proves the

unmatched MR product quality

Present all over the world (o)

> 8,000

customers
in 185 countries



28 subsidiaries and 11 joint ventures worldwide
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Uniquely inventive - since 1929

1929

High-speed
resistor-type
tap-changer

1974

Semi-
conductor
tap-changer

1990

Reactor-type
tap-changer

2000

Vacuum
technology

2012

Modular
active filter

2016

Distribution
tap-changer

2018
Transformer
operating
system

2021

DC
transformer

2021

Strongest
vacuum tap-
changer

R

1978
Reactor with
PolyGap
technology

HiGH
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Largest
outdoor test
system
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VoLt

2020

Most power-
ful resonant
test system
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Solutions for load flow and power quality

o

digitalization

On-load tap-changers
& mte\l\llgent drives Sensors,
automation,
| O

" g - Services at the
transformer station

g e

Transformer
Accessories

Control technology for
distribution
transformers

OEM & System Integrators Network operator Loads & feeders
"""""""""""""" o
High voltage O
Reactors

Insulators
: Medium & Low Voltage

Power Electronic
Systems & Components

High voltage
testing technology.




Solutions & Portfolio of Power Quality

POCO-X
(arc proof up to 50kV) . Harmonic Filter in E-
- Houses up to 36kV O..

Compensation Station_s’":
up to 36kV

O Harmonic Filter
Solutions up to 36kV

MSCDN

' Mechanically Switched
Capacitors with Damping Network .
up to 400kV

Static Solutions for PF Control and Harmonic Filtering

Dynamic Power Quality Solutions

(o)

SVC & STATCOM
upto +/- 50 Mvar

Active Filter &
STATCOM up to

3,6Mvar — | —= : k- 4 UUPS Systems ,/"
ﬂ Aj - : : T o upto 15 MWsec \




Grey, Blue and Green Hydrogen definition

HYDROGEN ON THE PATH TO ZERO EMISSIONS

GREY HYDROGEN ~ BLUEHYDROGEN ~ GREEN HYDROGEN
C0,<:> H, €0, <> H, > H,

& J /

i@l

FROM NATURAL GAS FROM NATURAL GAS FROM WATER USING
WITH CARBON CAPTURE & STORAGE ZERO-CARBOM ELECTRICITY

24-Sep-24 | 8



Value chain of Hydrogen

= Hydrogen
Methane

= Methanol

- Biogas

DD

P2H converter

0,8

Electrolyzer
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Requirements of a for an Electrolyser Plant

110 kV - 380 kV

+ Optimized solution planning with respect to

I

6 - 33 kV (110 kV)

design considering the voltage
control by the transformer for
reactive power compensation,

08-5MW 08-5MW with the relevant parameters of

* optional 3 W = = = = = = connection and standards (IEC, |IEEE,
Trafo 08-5MW 08-5MW 08-5MW 08-5MW 08-5MW 08-5MW
VDE-AR,...)
+ Transformer(s) to supply the rectifier (usually ) for H2-electrolyzer stacks approx. 1 —5 MW per Stack
(17.5 - 20 MW Array)
+ Harmonic filter and reactive power (Dynamic / Static) as singular or hybrid function,

()



RE Power / of Electrolysers / Control

Voltage Control - RE Fluctuations Voltage Control - Electrolyser Aging
700
+ of H2 production with the cc0
: AP23  AP24
of generation, .
< 600 AP2.2
e
2 550 =y
>
i i AP2.1 AP1.3 AP1.4
+ Adaptation of H2 production leads to of L 500 i35
S :
thyristor bank , S 450 | ppig
400
+ of transformer secondary input 320
- 300
necessary to aChIeve acceptable and 500 5500 10500 15500 20500 25500 30500 35500 40500
limited , Current IDC [A]
+ Exemplary characteristic curve of an electrolysis
. : cell,
+ Voltage control from in with
+
renewable across

the electrolytic cell, so that more electrical power
is required for the same quantity of H2 @



RE Power /

of Electrolysers / Control

AP1.1 / AP2.1 AP1.2 / AP2.2 AP1.3/AP2.3 AP1.4 / AP2.4
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Minimum ignition angle

+o

Transformer with 2 offload tappings

OCTC (1x SOL / 1x EOL) is set to EOL
tapping at some point within the service
life (changeover time may be critical)

Transformer secondary voltage (GR input)
must be selected so high that full current
can still be started up in each case (if
necessary, also with contractually assured
undervoltage of e.g. 0.95 p.u.)

Fine adjustment of the operating points via
partly very large control angles of the
thyristor rectifier, conditional:

- High reactive power requirement

— High harmonics

- Possibly too high DC ripple



RE Power / of Electrolysers / Control

AP1.1 / AP2.1 AP1.2 / AP2.2 AP1.3/AP2.3 AP1.4 /AP24
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Transformer with OLTC (13 tappings)

Transformer secondary voltage (GR input)
can be selected better adapted over the
entire service life of the electrolysis cell(s)

Adjustment stages for mains undervoltage
and overvoltage in operation only when
necessary

Fine adjustment of the operating points via
significantly smaller control angles of the
thyristor rectifier

- Reactive power requirement |

- Harmonics |

- DCRipple |



Advantages — Solutions with Ol TC Theoretical Considerations

C ti int PCC
ennection pom Simulation of a 40 MW electrolysis with an OLTC in an autotransformer (13 steps)

110 - 380 kv from 374 V to 566 V in comparison to the version with a fixed offload transformer
stage (EOL).
@ Control angle Q [MVar] Qc [MVar]
33 kv Connection point IPC Cosphi 0.95
el loplireelion :'_:_-: T
: HF PFC | ! :
S '_'I !
P/Q measured on HV side
+ Maximum demand for compensation power at AP2.3 of auto-transformer
+ Design of the compensation (Qc) to 5.9 Mvar instead of 9.6 Mvar
700 AP2.3 AP2.4

+ by using an OLTC, the need for compensation can be reduced by at least

20 MW 20 MW 600 | 40 %

500 / + Savings potential - Solution or Project Dependent (different ratios of fixed and
400 | . . . . .

: variable costs in the compensation and filter solution).
300

| @




Advantages — Solutions with Tap Changers Theoretical Considerations

I KT KT NN EN N ECN AN R PN T

Current in [A] on the HV side of the three-winding transformer Voltage spectrum at the connection point (33 kV IPC)
10.0
50 9.0
40 8.0
30 7.0
20 6.0
| 5.0 77\
10 5 0 \
0 o .. - dou o b S 3.0
1 13 25 37 49 2 2.0
W AP2.3 without OLTC  m AP2.3 with OLTC < 1.0 }
0.0 i #__-_L_- — -_._
+ Reduction of harmonic currents on the HV side of the oo zadasz ] 800 | 500 | 500 [ a0 [ 300 | 200 [ are [ zerNaaih 106 | oo | o [ o7 [ o6 o o [ os2
=AP2.3_with OLTC sas | 013 | 010 | 440 | 261 | 017 | 019 | 090 | 120 | 020 | 011 | 050 | 039 | 008 | 010 | 047 | 055
autotransformer when using an OLTC (reduction of THD | by =AP2.3_ without OLTC 899 | 013 | 008 | 588 | 30 | 021 | 022 [ 395 | 447 | 028 [ 020 | 045 | 034 | 003 | oo4 | 064 | 045
approx. 17 %) Umis|ECG100024cass 2 ®APRAWINOLTC  mAP23_witoutOLTC
Harmonic

+ Very significant reduction in voltage harmonics (network-
dependent)

- Harmonic compensation can be designed lower |



What does MR have to Offer Here? -

Planning & Feasibility

Consulting

MR offers a one stop complete system solution - optimized, highest quality, time saving, cost effective over its lifetime

132 kV

33kV

Connection point PCC

Connection point IPC
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Large systems 50 MW - >1GW ElectrolyseR (12 - 36 Pulse)
project example: Passive filter and STATCOM for 2x100 MW

E-House - Filter circuit (HF, 4-steps) Mechanical Layout (E-House)

am w e wm w wm w wm a w oaom e m w wmow wlll e n w = . Each prefabricated e-houses for minimal effort on the construction site (coastal
; environment)

Often elevated on site

Water cooling (without external attachments) or air conditioning units as wall/roof
installation

One E-House till approx. 20 m (4 step HF) / moreover 2-part approx. 27-28 m (6-stage
HF)

Protection and control from a walk-in control room during operation (primary system part
locked)




Hydrogen in Europe (operational & 2.5MW +)

Finland

Woikoski — 9 MW Sweden

Luled —4.5 MW

Norway Hofors — 20 MW

Hergya — 5.5 MW

Danmark

Fredericia —20 Mmw  Netherlands
Rotterdam — 2.6 MW

Germany o
Wesseling — 10 MW @
Wunsiedel — 8.75 MW
werlte —~6 MW @
Mainz — 6 Mwi@_ ;

Hamburg -5 MW

Salzgitter — 2.9 MW (combined)a@

Austria

Linz— 6 Mw @)

Vols — 3.2 MW Switzerland

Dietikon — 2.5 MW (@)

Spain
Puertollano — 20 MW
Muskiz/Bilbao — 2.5 MW

ENERGY

innovation’market

© THEnergy/LinkedIn Group
“Hydrogen News” (2024)



Worldwide Hydrogen Projects with MR Solutions

-'.:1"i|.
a

. Sweden 700 MW,
-

Germany
Dietikon 2x 1,4 MW
TestcenterRostock 1x 2,5 MW
Mainz 3x 1,4 MW

Werlte 1x 1,4 MW

Hamburg 4x 1,4 MW
Salzgitter 3x 1,4 MW
Wunsiedel 10 MW
berhausen 20 MW

BASF 60 MW
- ©

Netherlands, 200 MW — phase 1

Chile, 1,4 MW
N

Brazil, 270 MW phase 1&2

Saudi Arabia, 2 GW



Performance out
of passion

+ 300 service heroes keep the global
energy supply stable

+ Our software team drives the digitization
of the products

+ In an international sales network we
inspire our customers worldwide

+ 520 engineers working to shape a
sustainable future




Grandfathering &
Sustainability

We are aware of our special responsibility towards the environment,

customers, employees and society and support the Sustainable Development
Goals of the United Nations.

Sustainable Development Goals, SDGs | high impact 7/8/9/12, low impact 3/4/5/13
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THE POWER
BEHIND POWER.

reinhausen.com



https://www.reinhausen.com/

