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#Make Energy Greener

…on the way to the Future ( Global )
Electrical Grid
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• WIND

• SOLAR

Renewable Energy in Germany (during one week)
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Available theoretical wind power

Example :
Wind speed: 10 m/s, Rotor diameter: 82 m

Wind power: 1/2 x 1,225 x 5.281 x 103 = 3.235 x 103 W ou 3.235 kW

Captured power by the wind turbine = Wind power x cp
Cp : performance coefficient, theoretical maximum = 0,59

The available wind power Pvent is equal to:

• ρ = Air density (kg/m³)
• A = Area swept by the blades (m2)
• vvent = Wind speed [m/s]
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Offshore Wind turbines in 2024

Puissance nominale :14 MW

Diamètre du rotor :236 m

Longueur de pale :115 m



Solar Power Potential in Europe
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Les projets de stockage d’énergie par batteries ( BESS ) poussent comme
des champignons en Belgique
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Battery energy
storage systems (BESS)

BESS consist of one or more batteries and can
be used to balance the electric grid, provide
backup power and improve grid stability.
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Battery Energy Storage System ( BESS ) de  Luminus à Navagne

150MW net power capacity during 2h or 4h

Connected to the grid 150 kV of ELIA

With their inherent flexibility, energy storage
assets can play a critical role in renewable
energy shifting to peak demand times and
supporting grid stability.
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Partenariat franco-allemand joue un rôle central dans le développement d’une
économie hydrogène durable nécessaire pour réussir la transition énergétique.

8/11/2023 : Siemens Energy et Air Liquide
inaugurent leur gigafactory pour faire décoller

l'hydrogène vert

L'usine géante de Siemens Energy et Air Liquide est un pari sur l'avenir. Les deux
partenaires vont mettre sur le marché les plus gros électrolyseurs à technologie PEM

(membrane échangeuse de protons).

Les modules PEM présentent un haut degré d’efficience et sont particulièrement adaptés à l’intermittence
des énergies renouvelables. Air Liquide et Siemens Energy prévoient de porter la capacité de production

annuelle de l’usine, actuellement d’un gigawatt, à trois gigawatts d’ici 2025. Une fois produits, l’assemblage
des modules pourra être réalisé au plus près des sites où ils seront installés.



Silyzer 300
The next paradigm in PEM electrolysis

17.5MW

335 kg

>76 %

24 modules

System efficiency1

(higher heating
value)

Power demand
per full Module Array

(24 modules)

Hydrogen per hour

per full Module Array

(24 modules)

to build a
full Module Array

Silyzer 300
Module Array (24 modules)
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Our new world
A Complex and Interconnected
Energy Landscape
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The power sector landscape is changing dramatically

Traditional system
Centralised / Dispatchable generation

High inertia and stability

Central Planning

One way flows of energy and
communication

Closed networks, few devices

New system
Decentralised / Variable generation
Multiple actors / Competitive markets
Two way flows of energy and
communication
Open networks and many devices
Distributed resources offer flexibility and
provide energy
Changing climate patterns
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Creating a sustainable transmission grid
The challenges

Rising global demand
for electricity

Increasing focus on
environment across
energy transmission

Monolithic and
centralized energy
systems

Improving asset
performance & grid
management

DEM AND GROWTH
Maintain reliable power supply

DECARBONIZ AT IO N
Make energy greener

D E C E N T R A L I Z AT I O N
Embrace system complexity

D IGITALI Z ATI O N
Adopt digital solutions
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Poste d’Aubange 220 kV
Air Insulated Switchgear ( AIS)



16Author | Department
Unrestricted © Siemens Energy Transmission, 2020

Line Traps

Bushings
Surge Arresters

Instrument

Transformers

Circuit

Breakers

Disconnectors

High Voltage Air-Insulated Substations

Earthing

Switch
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Gas Insulated Switchgear (GIS)

Gas-Insulated Switchgear (GIS) integrates all necessary functions like switching,

disconnecting, earthing, measurement and surge protection, required for ensuring  a reliable

and safe supply of electricity in a very compact and highly efficient way.

All of the above mentionned components are housed in a grounded metal enclosure and

filled with SF6 (Sulphur Hexafluoride), a gas known for its good insulation and arc-quenching

properties.

The modular structure of the switchgear permits flexible designs and problem-free extension.
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Power Transformers
at all levels of transmission and
distribution

System Interconnecting
Transformers

Liquid immersed DTs
for Distribution networks

Voltage
Regulators

Liquid DTs and CRTs
for Infrastructure Solutions

Static VAR
FACTS Transformers

Grid Access Solutions

Phase ShiftersShunt and
Series Reactors

Generator Step-Up
Transformers

HVDC
Transformers

Unit Auxiliary
Transformers

Special Transformers
for Industrial Applications

Line Feeders
for rail system power supply

Traction Transformers
for rail vehicles

Large Power Transformers
>300 kV > 250 MVA
Medium Power Transformers
≤ 300 kV ≤ 250 MVA

> 72,5 kV > 30 MVA
Small Power  Transformers
≤ 72,5 kV ≤ 30 MVA
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Make energy
greener

DECARBONIZATION

Together, shaping
Industry to
achieve Net Zero
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The power sector as the first mover and enabler of decarbonisation
Global net-CO2 emissions by sector, and gross and net CO2 emissions in the NZE
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Make energy greener
What’s needed: evolution, not revolution

L IMIT  GLOBAL WARM ING
P O TE N TI A L ( GW P )

Ensure zero greenhouse
gas emissions

S U S TAI N A B L E  P R O D U C TS

Enable durable products
with long operational life,
low maintenance,
and low recycling
requirements

E N V I R O N M E N TA L LY S AF E
M ATE R IAL S

Use only materials and
substances that meet
highest health & safety
standards (e.g. REACH,
RoHS in Europe)*

* RoHS: Restriction of Hazardous Substances
REACH: Registration, Evaluation, Authorization and Restriction of Chemicals

Unrestricted
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PFAS making headlines

Luetzkendorf #ATMOEurope 15/11/2022 – Brussels
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Equipment free of fluorinated gases for sustainable, climate-neutral power grids

The electrical transmission and distribution (T&D) industry has an opportunity to lead society’s
response to deliver infrastructures that are targeting climate-neutral objective to underpin the transition
to net zero emission economies. The clean transport of low-carbon electricity is an essential element of
national decarbonization plans, which will underpin the sustainable economies of the future. In
conjunction with decarbonized power generation using renewable energy sources, it is vital to do the
same for T&D power grids upon which the system relies..

For over 50 years, the recognized insulation and switching performance as well as proven and stable
characteristics of SF6 have contributed to the reliability, efficiency, and resilience of power network
facilities, enabling compact equipment for all voltage classes. However, because SF6 has a global
warming potential over 25,000 times greater than CO2, action is now required to achieve truly
sustainable power grids. To enable this change, we need to limit the SF6 emissions and install new
electrical equipment using clean reliable and non-toxic alternatives.

The phase-out of fluorinated and PFAS-gases (per- and polyfluoroalkyl substances) in electrical T&D
equipment, where alternatives are available, would accelerate progress toward a more sustainable
future.

The first F-gas free products are successfully in operation, and each of the signing companies is
committed to close the remaining portfolio gaps in the upcoming years in order to deliver on science-
based net zero targets (SBTI) that companies are setting.



SF6 Alternative: F-gas free
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Nitrogen    +    Oxygen

 natural origin, non-fluorinated, non-toxic

 GWP < 1 climate friendly

 no degradation products environmentally safe

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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Clean Air insulation technology

 No Global Warming Potential: GWP = 0
 No Ozone Depletion Potential: ODP = 0
 Non-toxic (no known toxicological effects: LC50, TLV-TWA, CMR)
 Non-flammable
 High stability
 Low boiling point and no liquefaction of insulation medium
 Clean air with well-known and proven material compatibilities
 F-gas free insulation with lowest requirements on training, transport, installation, operation, reporting

and recycling
 C-gas free with no risk of C-decomposition
 No documentation and reporting duties for clean air gas
 No CO2 compensation costs or risk of future tax or compensation
 No gas recycling required
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Make energy greener

BLUE Products

Blue GIS
up to 145 kV

Wind tower GIS
up to 72.5 kV

Instrument VT
up to 420 kV

Live Tank
up to 145 kV

Dead Tank
up to 145 kV

Station Service VT
up to 420 kV & 167 kVA

with its zero GWP, it is
the most environment-

friendly switching
technology of the world

is non-toxic, non-hazardous
and does not require special

safety systems like CO-
monitoring in the GIS building

offers highest short-circuit
switching capability without
degradation and is completely

maintenance-free

can be operated in a wide
temperature range and is
specially suitable for very

low temperature applications

B L U E  G IS ® B L U E  C IR C U IT  B R E A K E R ® B L U E  V O LTA G E  T R A N S F OR M E R®

is based on 40+ years
experience in design &

manufacturing of vacuum
switching & clean air
insulation technology
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Blue Gas-Insulated Switchgear

The blue GIS uses clean air as insulation medium. Clean air is a composition of
80% N2 and 20% O2, cleaned and free from humidity (technical air).

The clean air Global Warming Potential GWP is 0. Clean air is and will not be part
of the EU-F-gas regulation

CO2 NEUTRAL
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Make energy greener

ESTER OIL F ILLED
TRANSFORMERS

Environmentally friendly fire safe
transformers with fully bio-degradable
insulating oil for enhanced operation at
high temperatures

CAST RESIN GEAFOL®

DISTRIBUTION
TRANSFORMER

Ideal compensation equipment with
resonant earthing technique to protect
electrical power distribution network
from single phase to earth-fault

ESTER OIL F ILLED ARC
SUPPERESSION COILS

Maintenance-free, flame resistant, self-
extinguishing, completely recyclable
with high overload capacity for reliable
power supply to load centres



On the way to the future grid …

4

Simplifica
tion
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Ramener l’ énergie éolienne offshore vers les réseaux on-shore
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The North Sea has an energetic wind potential of more than 250 GW

31

Source:
4Coffshore

Constructed1

(GW)

Planned by 20302

(GW)

Potential

(GW)

5.71.2 1.1 0.95.5

204 11.5 3.517

North
Sea

~ 60

~ 15

250 – 600 (?)

Offshore wind capacity North Sea

Installed capacity in the North Sea is increasing rapidly

0

2.7

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjllvjisNjRAhWDvxQKHSlWCIMQjRwIBw&url=http://www.countryflags.com/nl/vlag-van-duitsland.html&psig=AFQjCNH-ou2glAAdmhExh12nuCZtGg83rg&ust=1485264823142298
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj04eDzsNjRAhUEPRQKHZH-CA0QjRwIBw&url=http://www.mapsofworld.com/flags/belgium-flag.html&psig=AFQjCNEtEfb8-wtyRB2KioVnoLRFKM368Q&ust=1485264831126574
https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj6nISUsdjRAhVERhQKHQX4BV8QjRwIBw&url=https://nl.wikipedia.org/wiki/Vlag_van_Nederland&psig=AFQjCNFshAyuegd4ZsG160vLzW2qtJ9Q6g&ust=1485264926207257
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiK0NKhsdjRAhXEaRQKHUHEBBYQjRwIBw&url=http://www.countryflags.com/nl/vlag-van-denemarken.html&psig=AFQjCNEGodUrF9VfOHraDJu1EaEqamuRRw&ust=1485264954735332
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The Princess Elisabeth Island will house the transmission
infrastructure to connect up to 3.5 GW of offshore wind from the
Princess Elisabeth wind zone and to provide a connection point
for interconnectors (such as Nautilus and Triton Link). Therefore,
a mix of AC (alternating current) and HVDC (high voltage direct
current) is envisaged to achieve these goals.



Island location
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1. Limite impact on neighboring gravel beds

2. Volume of sand needed for the island

3. Cable lenghts (inter-array and export)

4. Impact on shipping traffic
5. Operational impact (cable corssings, interfaces between

TSO and producer, acces possibilities, …. )
6. Impact on powerdensity of the Prinses Elisabeth zone

(fex. Limitations due to helicopter flight paths).
7. Impact op de costs

Team



General layout – Dimensions at water level

– Width ~230 m

– Length ~520 m

– Dimensions including rock protection
– Width ~350 m

– Length ~620 m

– Net Useful Grid Area
– 6.00 ha

– Highest point island perimeter
– +18,5 m above low water level

– 23 caissons
– Length 58 m

– Width 28 m

– Height including sea wall 32 m

– Height excluding sea wall 22 m



Electrical Concept



Towards meshed offshore grid / challenges

AC - 220 kV

AC - 380 kV

DC

Legend
BE

Stevin

3,5 GW
HortaGezelle Van Maerlant Mercator

Bruegel

Courcelles

Izegem

Avelgem

UK

2.3 GW

MOG1

DK

TritonLink

+3.5 GW offshore

Nautilus

C Multi-terminal readiness
Possibility to expand the DC grid to additional terminals and couple additional interconnectors

D Multi-vendor readiness
Interoperability of HVDC systems from different vendors

B DC circuit breaker
DC-circuit breaker, or equivalent technology, to allow partial protection selectivity in the DC grid

A Single node operation
Coupling of AC and DC offshore substations on the Princess Elisabeth Island

A

B

Lots of novelties and even world premieresTop
Technolo
gy skills



Offshore Cable challenges

Creativity
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NEMO ( HVDC link  BE-UK)
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ALEGrO , un “pont électrique enterré ” entre la
Belgique et  l’Allemagne .

A project of Amprion and Elia



First electricity link between
Germany and Belgium
Customer reference: ALEGrO

November 2022 Unrestricted © Siemens Energy, 2022 | Grid Technologies 41

Challenge
• ALEGrO increases energy security for Germany and Belgium and supports

the integration of renewable energy to encounter bottlenecks in the grid
• The link provides the highest degree of controllability of the power flow

Solution
• Using state-of-the-art converter technology and 90 km long underground cables,

ALEGrO is connecting the Belgian and German high-voltage electricity systems
with a transmission capacity of 1,000 MW

Benefit
• Proven HVDC Plus technology for highest reliability and efficiency
• Converters with fast control and protective intervention allow to flexibly adjust

the power flow ensuring stable grid operation conditions

Customer
Amprion & Elia Group

Location
Belgium – Germany

Completion
2020
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What’s ALEGrO

1000 MW, Symmetrical MonopolePower Rating

HVDC PLUS in half-bridge topologyType of Plant

DC : ± 320 kV DC
AC : 400 kV, 50 HzVoltage Levels

IGBTSemiconductors
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HVDC Plus Interconnection
Voltage Sourced Converter (VSC)

XPLE  Cable

IGBT : Semiconductor Switches with turn-on and turn-off Capability



44Author | Department
Unrestricted © Siemens Energy Transmission, 2020

Examples Half Bridge

+Udc/2

-Udc/2

Udc

 Low level of harmonics and HF noise

 Low switching losses

 Modular arrangement with identical
two-terminal power modules

Basics of HVDC PLUS
Modular Multilevel Converter - MMC
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Much better performance of the grid with HVDC transmission
systems

• Supporting the integration of renewable generation and enhance the
transmission grids  ( grid stability, voltage support, losses reduction )

• Improving the security of supply (re-energizing of blacked-out networks)

• Contributing to the public acceptance ( lower visual impact , less  space
requirements , constant magnetic field )

• Facilitating the operation of the  electricity market (impact on the price)  by
independent control of active and reactive power in both directions
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HVDC Grids
Look into the future

Existing/executed projects
Projects up to 2025
Projects beyond 2025
Vision DC Overlay grid
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Energy Transition
Industrialize and Deploy

How can we deploy at Speed?

Social Acceptance
• Communicate: work with what we have

Government Support
• 2030/2050 goals need longer term view

Overcome Regulatory Constraints
• Regulation for future networks, rather than

legacy models

Build Industry standards
• 15 MW offshore turbines
• 2 GW HVDC connections, bipolar

(offshore), scalable
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Le développement des réseaux de transport  d‘ électricité
en Belgique est aujourd’hui , extrêmement freiné , par
manque de :

1) cadres politiques et régulatoires “ favorables à l’électrification “

2) délais de réalisation des projets d‘ infrastructure des réseaux ,
définissables et suffisamment courts  ( étude , permis ,  recours ,
réalisation,…)

3) personnel compétent sur le plan technique et  multidisciplinaire
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Merci pour votre attention

Arlon , le 1er décembre 2023

Ir. Alain Belvaux
Be Ohm Consult


