Hoe worden HS-stations en
componenten ontwikkeld voor
toekomstige ...?

Wide range CT’s
To help us
Towards a stronger energy transition

SENSELEQ
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Agenda

Co-creation of a new purpose: wide range current transformers

O Why this is an important topic?

d How to formulate the issue we are talking about?
d What might be a concept solution?

 Is this just a hope?

d How does it work?
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SENSELEQ.

We are facing more unknown unknowns ...

Energy transition is accelerating ...

Get / keep ready for New products /

Democratization more unknown services for new
unknowns applications

Deregulation Decarbonization A i
Newpisine=lnoacis systenmey(r)]g\llc %gf(i:r?i:[ion
and new stakeholders 0 el

o L Affordable, secure, and
Decentralization Digitalization sustainable energy

systems
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SENSELEQ.

To make it even worse ...

Increasing interdependency of critical infrastructures
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l\ and oil

Type of common mode failure

Common cause

r 3

Cascading
Escalating

Need for measurement at interface points

Safe
Secure

Stable
Accurate ...
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SENSELEQ.

Impact of energy transition on High Voltage installations

A potential increasing risk to power system reliability?

HV installations
Years ago | Towards the future
HV installations HV installations
Designed some years ago: fit for In operation under a different situation than their design
specifications and needs - specifications — Accelerated aging and reliability impact
//________{‘/""“\7/ N~ \\¥\ ‘ /,_-——-__*\//——_‘\7/ N \\\r\
- ~ Vd
[ _GD_ @'l_ N | / _@_ G}I— N
_-l  Power Transformers Power Generators /J | -\ Power Transformers Power Generators /
Ve ! -~ P
\ ~ \ ~
\/,Hg _|_/_|_ \\\ /// \/,\g _|_/_|_ \\\ //
l\ High Voltage Switchgears F l\ High Voltage Switchgears F=
S~ ~ / /// |
N ~_ ,\\ //\ —_
New types of More and more HVDC More and more Accelerated
customerdemand and long subsealines  Renewable Power Generation Energy Transition
Confidential



Different operation conditions than design criteria
Impact on useful lifetime period
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SENSELEQ.

Earlier start of end of life
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Confidential Reduced lifetime
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SENSELEQ.

An increasing risk of failure together with an increasing impact zone

What we are facing at the moment ...

Traffic jam on the road is ok.

After traffic jam, the road is still
useable. ﬂ [
|
]
[ e
N | | | | | | |
I | 1 [ |
S [ | S

o |

Traffic jam in power grids is not ok.
After traffic jam, power infrastructure may be out of use for I—

months. @ [
© ©
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Co-creation of a new purpose: wide range current transformers

d How to formulate the issue we are talking about?

Confidential



»

SENSELEQ.

Measurement and accuracy is also being re-defined

We need more dimensions on accuracy of measurement

e T Y 77 N
/// \4‘. \"'-. '_________________T __________________ |
/ —@— @-|— \ System behavior at DC — 0 Hz
_- Power Transformers Power Generators /(’ System behavior at low frequency range
i N System behavior at power frequency

I \

\ - !
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e _|_/_|_ —-—t

\
l\ High Voltage Switchgears Long lines / cables /r’

System behavior at 1000 x Hz

|
| |
| |
| |
| |
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>! System behavior at 100 x Hz l
| |
I :
i_ System behavior above 100 kHz |

‘l’ J, : Power flow and state estimation :

<t | Contingency / adequacy / security analysis |

-l_ D §,_,,‘,:f’§ | Harmonic power flow studies |

% ;é;" | Overvoltage studies / insulation coordination |

| H |

New types of HVDC, FACTS More and more Accelerated | Power quality assessment |
|

|

customer demand and long subsea lines  Renewable Power Generation  Energy Transition
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»

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

Measuring every current in the AC grid!

DC Grid 7 kHz 150 kHz
component frequency

Harmonics Supraharmonics

[e—f ] - - foefef et

Subharmonics

Confidential




SENSELEQ.

»

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

Measuring every current in the AC grid!

Amplitude Phase shift Frequency

X(t) ‘ X(t) ‘ X(t) ‘

-y

High Accuracy

Harmonics/Supraharmonics DC component

xio }

Confidential



»

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

A practical question

100 A DC Current in 600 AAC installations
What should our CT measure?

Confidential
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Summary of all the topics so far

A future proof current transformer is needed

Grid Substation Measurements

Developments equipment needs

Confidential
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Co-creation of a new purpose: wide range current transformers

d What might be a concept solution?
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

What is expected from a future proof CT ...

A wide range CT
Safe Accurate  [ACIEEWE For metering and protection,

as well as ...
ey AC Scalable Digitalization and power quality

High

DC

pollution DC Digitalization

Wide
measurement Robust Hybrid
range

Flexible
Output Simplified
range

Confidential




o
Ll
-l
Ll
v
=
Ll
(7]

S =

Agenda

Co-creation of a new purpose: wide range current transformers

 Is this just a hope?
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SENSELEQ.

Senseleq: a long history heritage

DANI/ENSE

AN
-

75 years experience in T&D industry Expert in high end current measurement
Stable family business Private own company

High quality production process >25 years experience in zero flux (DCCT)
Two manufacturing sites (NL, DE) 25% of the team in R&D

Long term relationship with customers T&M, medical, research centers (e.g CERN)



ELEQ Company Movie.mp4
ELEQ Company Movie.mp4

SENSELEQ.

(4

Vision

Provide advanced measuring components for T&D eco-system to
help identify operational challenges by combining field application
expertise, universal accurate measuring technology and high-quality
manufacturing.

Confidential
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

Our first manufactured units show outstanding quality

100 A
Class 0.2 S
Wide : 2,500 A
range DC Allin one CT Class 0.2 S
2,500 A
5P20

Confidential
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

Our first manufactured units show outstanding quality

DC Test

Total Error in ppm (10-4%)

10.00

5.00

0:00

-600 -4000 -2000 2000 4000 6000

-5.00

-10.00

Total error relative to nominal value (ppm)
DC current +/-6,000 A

Note:

10,000 ppm error = 1% error

Confidential

AC Test — Measuring CT

Phase Error in minutes

30
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10 10 10
o o
o——o o o o
1% Ipr 5 9% Ipr 20%Ipr 100 % Ipr 120 % lpr

—O— Phase Error (min.) - 1 VA
—O— Phase Error (min.) - 2.5 VA
—O— Upper limit

Lower limit

AC Test — Measuring CT

Ratio Error in %

0.750
20 0.200 0.200  0.200
> O o]
O——O0— O——o0 -0
1% Ipr 5% Ipr 20 % Ipr 100 % Ipr 120 % Ipr

—O— Ratio Error (%) - 1 VA
—O— Ratio Error (%) - 2.5 VA
—O— Upper limit

Lower limit
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

Freqguency Response - Small Signal 10 Hz to 50 kHz

-2 5000

+ 0 .00

phase

-040 00
Confidential 10.0000H 2
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A wide range CT (DC, AC, ...)

For metering, protection as well as digitalization and power quality

Our first manufactured units show outstanding quality

We would like to appreciate GE Grid Solutions and OMICRON electronics for the
recent order for ELEQ and Senseleq current transformers to be installed together
with #GE #HYpact switchgears in #OMICRON Customer-Care Center (OCC-
Showroom) in #Austria.

OMICRON electronics will use GE Grid Solutions #HYpact module with the

Also tests of digital solution based on #IEC61850-9-2 #Goose and Samples value
will be part of these setup.

These current transformers will help provide a secure, accurate, and reliable
measurement of the current flow - DC, AC, high harmonics, low harmonics, power
quality, advanced protection application, ...

This project is showcasing a collective effort towards #energytransition and
#cocreation of new possibilities and purposes.

Konrad Priebe Carsten Kramer Dirk NOTROFF Jens Kallweit
Roy de Graaf Roland Biirger Loic Moreau

Confidential

different sets of conventional and also #zeroflux wide range current transformers.

Press Release

April 2022

GE Renewable Energy integrates new generation CT from
Senseleq in its HYpact (HV mixed technology) switchgear

Key points:

+ One currentt | for all i

power quality, metering and protection

s Current measurement from DC to hundred’s kHz answering to new power quality
challenges

+ Output compatible with di

lization program

The European Commission's proposal to cut greenhouse gas emissions by at least 55% by 2030 sets
Europe on a responsible path to becoming climate neutral by 2050. This has brought further strength
towards a pan-EU energy system with net zero emissions of greenhouse gases in 2050 which calls for
decarbonization, electrification, and digitalization are reshaping the entire energy system.

Within the context of the energy transition, TSOs and DSOs face new power quality challenges with higher
harmonics and DC pollution. This is also because of the changes in power generation, transmission, and
distribution technologies as well as design and operation philosophies

This means utility need new ion of

cument flow is measured by future proof current transformers.

to ensure a wide range of properties of

‘GE Renewable Energy has set a target to deliver in its HYpact switchgear a high accurate universal CT for
a wide range of frequencies from DC to 50k Hz from mA's fo kA's for digitalization purposes - independent
from the nominal current, etc. GE Renewable Energy is constantly locking for smart solutions fo reduce
the interface engineering and use one CT for all customer requirements which can save interface
engineering hours needed in their projects.

Senseleq has designed, tested, and delivered a ring core universal wide range CT equivalent fo the
following specifications to meet future requirements — based on zero-flux technology:

- Metering class 100 A 0.28

- Metering class 2,500 A 0.2S

- Protection class 2,500 A 5P20
- Wide range DC

The result was a CT measuring from 1 A up to 50 kA with accuracy shown in the diagram below.

Accuracy of the SENSELEQ Senser: amplitude error

=== |EC 61869-2 class 0.1

=g SENSELEQ Sensor

=== [EC 618682 class 0.2 S

amplitude error [%]

0 20 40 &0 a0 100 120 140
percentage of the rated primary current Ipr

The same CT has also delivered a high accurate DC performance from -6 KA to +6 kA. Bandwidth of the
CT is measured to be in the range of few hundred kHz. Performance of the CT under a high level of DC
pollution is also tested and confirmed.




A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

o
Ll
-l
Ll
v
=
Ll
(7]

S =

What more value add can be developed in specific applications?

Existing billing / measurement accuracy
0.1% or 0.2%S

A Improved billing / measurement accuracy

0.01% (improvement 0.09% <« 90%)

Actual currentflow | | L L e e e e e e e e - = J _______________

What more added value this improvement can provide
In addition to confidence in billing results?

Confidential
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

Overload test in presence of inductive ring cores

O Test is done to measure overload ability of the sensor

O Precision is measured with and without presence of
inductive ring cores

O At nominal current, precision is measured high
accurate — less than 0.01% ratio error and less than 1
min phase angle error (photo left)

O At overload, the output till 50 kA still managed to stay

Confidentia well in shape (photo top right - below 1% accuracy)
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

More details on first manufactured units — application

-
A
N
.\

SENSELEQ.

Electronic Box
(current or voltage outputs)

Outdoor Applications Inside PT Applications Lab’s Applications
(bushing)

2 or 3 Cores 1 Core
(power quality + metering (power quality
+ protection) or HVDC)

Confidential
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

More details on first manufactured units — application

HV Green Power
Switchgear Hydrogen Transformer

3 Cores for
power quality +

metering + protection 1 Core for 1 Core for
energy metering power quality

Confidential
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SENSELEQ.

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

The first delivered projects — flnal product look

e al N

Confidential
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SENSELEQ.

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

How does it work?

Core 2 Core 1l
n, 32 kHz Signal
lExc lexc
—_— —
—
Iprimarv
B B
LY ] !
4_
|secundary
|_> |ser‘|se |ser‘|se
double-peak detector
AC feedback: =0 A —[ P / Measurement
DC feedback: =0 A lsecondary
Y e e e e e e e e e Y )
I B D J compensation current
Confidential Power amplifier Isecondary
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

Open discussions

Confidential



»

We are facing more unknown unknowns ... while it is also becoming
more important to keep energy systems safe, stable, and secure

SENSELEQ.

Energy transition is accelerating ...

Interfaces of Energy systems are changing

5D’s AR NC. b (I N

| [ Affordable, secure, ||| Multiple | | Everything 4.0 | | 1 Demand for ]I L

L r o utip | Eveting AU pedefinition of |1 oomar |11 Redefinition of I !

(I and sustainable !l objective | at T&D power | | . | | simplicity and || 11 ) I

[ L OV Pl , | Public spaces | | - ()11 quality (new norms) I |

: |__energy systems _ | :Q__QEt'_”_“Za_t'_OD__J |_grids interfface , " "T" " J |___§C_a_la_b|_I|1y___J/| :l______________J !

Bttty iy iyttt eyl eyttt eyt eytayinylpie epinyipteteyiayie | o

L _ || { V11" Different business ! |

'l Cogeneration of |} e T TS il i

Il I e v 7 \ L models / new I

| heatandcold || s 1N 11 stakehold ]
Interfaces of energy ol e ¥ () O \ j——t
systems are changing A e P | :i | PowerTransformers Power Generators | HF—AEEV&GEQEEE"' g
S I N Y I | - S
2 | Smartenergy || : L ) 1 | system/new ! ®
el S — Gt || I_definition of service | | 8
2] l ______________ | : | High Voltage Switchgears Long lines/cables r— : l _____________ | &
Si 7 y AN J i e
g ! Smart critical i < . K ” :H Multiple purpose | |G
Energy systems are g: : Infrastructures H: e N :H infrastructures : : §'
changing 5 | 1 I '8

——————————————— I e ==== ||

w : : Increased : : : : :: Need for improved : :

| | Interdependency of || Y v < (|l end-user service ||

| |__ Infrastructures 11| Pl S a L level ______| L

i I g3 |l ,

: . ! : 4 : : ©. ||

. . | g i 11 New types of HVDC, FACTS More and more Accelerated 101 i ||

Concept of service is : | E-mobility and | : | customerdemand andlong subsealines Renewable Power Generation ~ Energy Transition | :I C_0mp|e.x multlple I

. [ Power-to-X I Il dimension issues | |

changing (e ]! L T I

N N L ..—_—————————,——— v N 7/

Decentralization, Decarbonization, Digitalization, Democratization, Deregulation
Confidential
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We can make it more complex ...

... but let’s see if we can find a more simple solution

Confidential

P

Safety h
- Functionality

. - Thermal /
Sustainability / Electrical

Environment performance
A systematic approach towards
a multi-objective optimization of
Surapite Industrial plants’ high-voltage grid connection Cost (CAPEX
y and OPEX)
Operability /
Complexity / Future proof
Extendibility Instrument transformers
and connection systems
a key element in interface engineering
o Testability /
Verifiability
. Ease of Mechanical '
installation Producibility / properties

Scaleability
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SENSELEQ.

“Meten is weten”

Any solution starts with measurement ...

Accurate
measurements is
strategic and
necessary

The economic losses for
industries have dramatically
increased due to the poor
power supply quality

Accurate measurements are required for
taking decisions, for diagnostic purposes, for
metering purposes, and for reliability analysis.

Electronic systems at consumption side get highly sensitive to
power quality characteristics — it is more important to keep the
power quality as high as promised

The attention was mainly limited to the analysis of waveforms, interruptions
and continuity of service — however, as load and supply increase, it is getting
more important to deliver more accurate measurement

Demand and consumption of electric energy has grown exponentially — this includes as well
Confidential none conventional power electronic based power generation and power consumption
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A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

More details on first manufactured units — dimensions
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v

S R

880 mm : ! 525 mm

Confidential



(4

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

SENSELEQ.

More details on first manufactured units — application

HV/MV
Substatio

= High voltage fest bench = Power quality = Power converters
= Wind power » Metering = STATCOMS
= Power transformers » Protection » DC switchgears
* Mobile sub-station » Power transformer
» Switchgears

Confidential
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SENSELEQ.

A wide range CT (DC, AC, ...)
For metering, protection as well as digitalization and power quality

More details on first manufactured units — electronics

FG Body

Rack mounted
490 x 90 x 250 mm
6 kg
IP20
Burden <4 Ohms

85-264 VAC or 120-370 VDC
I Analog current / voltage output options
Built in filtering possibility

T-head connections

* 0-10m: Helukabel #43524 - 1 || twiste
** 11-20m: Helukabel 543555 — 2 || twiste
*+* 21-30m: Helukabel £43525 — 3 || iste

All twisted pair and cable screens terminal
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