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1. Timeline Offshore Wind
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Timeline Offshore Wind

First offshore-windpark
“Vindeby” (Denmark)

11 Turbines, each 0.45 MW,
5 MW in total

1991

2to 3 MW Turbines
Rotor diameter 80 to 100 m

Delivery of
15t 66 kV GIS’s

Project:
Nissum Bredning Vind

54 GW* ™

ey BVML Blue GIS™  SIEMENS

—— Units contracted: 1.207 ——
g Thereof in operation: 368 ¢ -,
8 (Status: Sept. 2022) 8

~ ~

3.6 to 6 MW Turbines
Rotor diameter 107 to 126 m

2000

2010

Decision for F-gas-free GIS

IN wind turbines

already taken in 2013!

(Six years before Greta Thunberg’s speech at U.N. Climate Action Summit in New York)

P

Transition period
from 66 kV to 132 kV

‘ * Worldwide Capacity Offshore Wind

2017 Today

Transition period
from 33 kV to 66 kV

Development of SF6-free dlal o

66kV GIS for wind turbines started ——

Decision for clean air and vacuum technology taken ¥ '~

~ .y

Clean air Vacuum

98 ¥ [Z] |
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2. Blue product - Evaluation
Criteria for Insulation Medium
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Evaluation criteria for insulation medium in 8VM1 development project

SUSTAINABILITY TECHNOLOGY OPERATION INVESTMENT
HSE Criteria Technical Criteria Operation & Maintenance Commercial Criteria
* GWRP insulating gas * Operational temperature range » Gas handling / Special equipment * Equipment price
» HSE aspects insulating gas * Gas Leakage Rate * Availability of insulation gas » Transport, Installation & Commission
 EPD (ISO 14021) » SC switching capability * Inspection / Revision intervals » Taxes, fees
* l|deally: F-gas free, PFAS*-free » CB technology (gas or vacuum) » Special Training of own stuff » End of life, recycling
* Reporting efforts (F-gas, CO2) * Warranty, Liability,

other commercial T&C”s
*PFAS: per- and polyfluoroalkyl substances

$ 0 § 03 O

Clean air g Vacuum technology

GO(%)GO + 7
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Worldwide products without F-gases up to 170 kV with CB and up to 420 kV w/o CB available

Examples

MV Primary /
MV Secondary
< 52 kV

Vacuum switching

HV CB & GIS
> 52 kV

Gas- or
Vacuum switching

HV w/o CB
> 52 kV

Busducts, GIL,
Instr. Transformers

F-/PFAS-Gas-Mix

Natural origin gases / F-gas-free based on air components (N,, O,, CO,)

C4 C5
- S=Te =T &
i T‘:\L”:TT;‘E" = A B’ u
(ml | i P Pl i =l -, i
. -L"P’:. EJ_ B = 2 N
‘ [ L 1 = :
ETN  Qefacec LSmeme MY AUMBE nuventua TosHiea  Scipeider  SIEMENS

MEIDEN

itachi Ener itachi Ener [ 1L | W 4 wmsusish AHvunpal ELECTRIC SIEMENS
@Hitachi Energy @Hitachi Energy Eloctric E;“EN W ELECTHC TOSHIBA CNErcY
- 3)
' % 1) Gas-insulated Instrument Transformers withdrawn
9 = = 2) Change to C4 announced
- B i 3) Gas-insulated
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Current, Voltage & Combined Transformers
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GWP > 500* Zero emission with GWP < 1

* for typical C4 content > 5 % (GWP basis IPCC AR6 Report)

Source: Publications & company web sites 6
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T&D equipment manufacturers committed to ZERO F-gases

Toward T&D equipment : P iR S 1T i ; el I SIEMENS
free of fluorinated gases =i - yEEEE RIS S R e : CNercy
for sustainable, climate-neutral power grids 1 U ¢ T4 # 15 '

Press release

A joint statement of T&D equipment manufacturers 2021/11/02

The recently published 6th Intergovernmental Pangl on Climate Change (IPCC) report shows the

seriousness of the climate crisis. Human activity is changing the climate in unprecedented and

sometimes irreversible ways. The elecirical transmission and distribution (T&D) industry has an A joint statement of Pfiffner and Trench as AIS Instrument Transformer
opportunity to lead society's response fo deliver infrastructures that are targeting climate-neutral manufacturers

objective to underpin the transition to net zero emission economies. New p rod uction facil ity in Be rl i n: Sie mens
Environmental aspects are drastically gaining importance and becoming an essential . . ’

which will underpin the sustainable economies of the future. In conjunction with decarbonized power part of today’s society. Recent natural disasters, floods and drought followed by Energy wants to 9||m|nate the W0r|d s most

generafion using renewable energy sources, it is vital to do the same for T&D power grids upon which wildfires send a clear signal that the status quo needs to change.
the system reliss. potent green house gas from power

Berlin, November 22, 2021

The clean transport of low-carbon eleciricity is an essential element of national decarbenization plans,

The decarbonization of the power generation sector is ongoing with renewable energy
making an essential contribution. The T&D sector needs to follow and foster the
decarbonization process.

transmission

For over 50 years, the recognized insulation and switching performance as well as proven and stable
characteristics of SF; have confributed to the reliability, efficiency, and resilience of power network
facilities, enabling compact equipment for all voltage classes. However, because SF. has a global
warming potential over 25,000 times greater than CO,, action is now required to achieve truly With its outstanding insulation and safety properties, SF6 is traditionally used in AIS
sustainable power grids. To enable this change, we need to limit the SF; emissions and install new High Voltage Instrument Transformers. SF6 is, however, considered to be a gas * New vacuum interrupter production is a clear commitment to climate-neutral power transmission
electrical equipment using clean reliable and non-toxic alternatives.

+ Siemens Energy invests over €60 million in Berlin site

contributing to global warming when it is released into the atmosphere. and the Berlin location

Az equipment manufacturers, we embrace our responsibility to society and are fully committed to the net h d pfiff both leadi £ £ izh |
zera goal. Each of the undersigned has already developed or is in the process of develeping TAD Trench:an iiner; botn. feading: manutdcturers o AlS High Voltage. Instrument

equipment completely free of fluorinated gases.|The phase-out of flucrinated and PFAS-gases|(per- and Transformers with SF6 insulation, with the aim to supportl decarbonization efforts,l ) ) A ) )
polyflucroalkyl substances) in electrical T&D Squpment, where alternatives are avaiable, would commit to focus their development activities in this product application on entirely F- vacuum interrupters will be manufactured in the company’s switchgear plant in 6,200 m? of space.

accelerate progress toward a more sustainable future. gas free solutions.|Both companies consideras a suitable solution in AIS The vacuum interrupters are the technological core of the Blue Portfolio, which comprises climate-
Each of the undersigned is committed to delivering T&D equipment free of flucrinated-gas and PFAS-gas applications to reduce the environmental impact to the maximum extent possible and neutral power transmission products in the high-voltage range and uses industrially purified air for
needed to enable this transition. The first F-gas free products are successfully in cperation, and each of contribute significantly to the decarbonization required to safeguard our planet. insulation and vacuum as the switching medium instead of climate-damaging fluorinated gases.
the signi ies i itted to cl th inil rifioli in th i in ord : H —
© 5|_gn|ng companles 'S commlled o Close the remaining po ) 0 gaps m_ & Upcoming years |n. eraer The “Clean Air or SynAir Technology” is based on field proven SF6 designs offering the The new manufacturing facility is scheduled to go into operation in 2023.

to deliver on science-based net zero targets (SBTI) that companies are setting. These products will help 2 Ib i h losi P i |abili 4
deliver cur own company health and climate commitments while enabling environmental improvements. same operational benefits such as explosion safety, > 95% recyclability, maintenance

freedom, and reliability. “The consequences of rapidly advancing global warming require a fundamental change in the way

Siemens Energy is investing over €60 million in a new production facility in Berlin. In the future,

You are welcome fo join in delivering this ambition and building truly sustainable clean power grids for a

climate-neutral future. While both companies will continue to develop their Air-based technology
The undersigned will cantinue fo develop, manufacture, sell, and service independently. This statement shall in no way create independently, they will work on standardizing aspects relevant to customers (e.g, Switching Products and Systems at Siemens Energy. “Siemens Energy aims to sell only F-gas-free
any joint responsibility or liability or any ferm of cooperation o joint venture. diameter of filling devices) to reduce complexity for the Transmission Operators and high-voltage switching techneology starting in 2030 at the latest. With our new vacuum interrupter
their service teams. production, we're laying the groundwork to achieve this goal and meet the growing demand for

climate-neutral switchgear.”

we deal with energy, including power transmission,” said UIf Katschinski, Senior Vice President
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3. 8VM1 Blue GIS™
Technical Description
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Insulation medium clean air

8VM1 Blue GIS™ up to 72.5 kV

Technical data

Rated voltage

I up to 72.5 kV

Rated frequency 50/60 Hz
Rated short-duration power-frequency withstand voltage (1 min) up to 140 kv
Rated lightning impulse withstand voltage (1.2/50us) up to 325 kV
Rated continuous current up to 1250 A
Rated short-circuit breaking current up to 31.5 kA
Rated peak withstand current up to 85 kA
Rated short-time withstand current (up to 1 s) up to 31.5 kA

Internal arc classification of HV cable compartments

('IAC A FLR 31.5 kA, 1 s (acc. IEC 62271-200)

Leakage rate per year and gas compartment (type-tested)

<0.1%

Drive mechanism of circuit-breaker

stored energy spring

Rated operating sequence

0-0.3 5-CO-3 min-CO

Interrupter technology T vacuum

Insulation medium L\ clean air
Weight of SF; or other fluorinated green-house gases 0 kg
Rated filling pressure 0.56 MPa abs

GIS width (depending on GIS configuration)

up to 2935 mm

GIS height | depth (depending on GIS configuration)

2430 mm | up to 1230 mm

GIS weight (depending on GIS configuration)

upto2.6t

Ambient temperature range

-30°C up to +45°C

Installation Indoor
First major inspection > 25 years
Expected lifetime > 50 years
Standards IEC/ IEEE
Other values on request 9
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8VM1 Blue GIS™ up to 72.5 kV

Switchgear layout

1 Integrated local control cubicle

2 Circuit-breaker with vacuum
interrupter

3 Spring-stored-energy operating
mechanism with circuit-breaker
control unit

4 Disconnector and earthing switch
(manual operated)

5 Disconnector and earthing switch

6 Current transformer
(ring-core type)

7 Voltage Detection System (VDS)
8 Plug-in cable termination

w
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~ 00

HV Transformer
cable

-BC1

-XB1
VDS ®@-=>-

-QZ93 ®—T_ -QZ92 @—T—

VDS ®@=D- VDS @-=>-
-XB3 -XB2

HV Array cable HV Array cable
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4. References
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8VM1 Blue GIS™ up to 72.5 kV
Global project references (Sept. 2022)

8VM1 Blue GIS™ (Wind Turbines)

« Units contracted: 1.207 d %
* Thereof in operation: 368 v ‘ ‘;‘ |
 GB, NL, TW, DK

CN, FR, US, JP
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Key facts

Customer: Siemens Gamesa
Renewable Energy for Nissum
Bredning Vindmgllelaug and
Jysk Energ

Connect four 7MW wind turbines
from Siemens to the grid

Operation of GIS requires no Sk,
or other greenhouse gas anymore

Year of order: 2016

Reference: prototype project with 4 bays
for ,Nissum Bredning Vind*

Gas-insulated switchgear

* Installation of 4 bays SF;-free
8VML1 Blue GIS® for 72.5 kV

« Vacuum interrupter technology

 Clean air insulation technology

Customer preference

* New concept from 33 kV to 66 kV
Increases transmission capacity
and lowers the cost of cables

13
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Key facts

Customer: Siemens Gamesa
Renewable Energy for Scottish
Power Renewables

Offshore wind farm located off the
east coast of England

Operation of GIS requires no SF or
any other greenhouse gas

Year of order: 2018
Energization: 2020

714z
102
500,000

East Anglia ONE: the world’s largest order for
an offshore wind power plant

Gas-insulated switchgear

* Installation of 102 bays of SF4-free
8VM1 Blue GIS™ for 72.5 kV with a
total capacity of 714 MV to power
around 500,000 British households
with clean energy

» Vacuum interrupter technology

» Clean air insulation technology

Customer benefits

» Zero direct CO2 emissions
Easiest gas handling process
Reduced quantities of cable
Reduced cable installation times
Improved efficiencies in power
transmission

14
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Key facts

Customer: Siemens
Gamesa Renewable Energy for
Vattenfall

Offshore wind farm located just off
the north coast of the Netherlands

Operation of GIS requires no SF or
any other greenhouse gas

Year of order: 2021
Energization: 2022

Hollandse Kust Zuid: an offshore project
including the 1000t 8VM1 Blue GIS bay

Gas-insulated switchgear

* Installation of 140 bays of the 8VML1
Blue GIS™ for 72.5 kV

» Vacuum interrupter technology

» Clean air insulation technology

* Project including the 1000t 8VM1
bay

Customer benefits

« Zero direct CO, emissions
» Easiest gas handling process
» Reduced quantities of cable
* Reduced cable installation times
» Improved efficiencies in
power transmission

15
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Disclaimer

Subject to changes and errors. The information given in this document only
contains general descriptions and/or performance features which may not always
specifically reflect those described, or which may undergo modification in the
course of further development of the products. The requested performance
features are binding only when they are expressly agreed upon in the concluded
contract.

All product designations, product names, etc. may contain trademarks or other
rights of Siemens AG, its affiliated companies or third parties. Their unauthorized
use may infringe the rights of the respective owner.
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Contact page SIEMENS
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Siemens Energy Global GmbH & Co. KG
Siemens Energy

Grid Technologies
P Y

5w o

Matthias Steuer, Dipl.-Ing. (FH) ST
Portfolio Consulting Professional a7\
Mobile: +49 (1525) 4691265

Mail: matthias.steuer@siemens-energy.com

Further reading:

» Siemens Energy Blue Products

« Siemens Energy Gas-insulated substations
« Siemens Energy Transmission Products

siemens-energy.com
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