Voltage Regulators

DSO Briefing

Alexander Kristensen
Magtech AS

CURRENT

Enabling Network Technology

27.05.26 throughout Europe



Agendao

* Why voltage regulatione — 10 min
 Magtech infroduction — 10 min
* Technology overview — 15 min
» Use cases and best practice — 25 min
« Questions — 30 min
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Why voltage regulatione

Hint: It's cheaper, faster and more flexible!
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Renewables and demanding loads are
stressing an ageing infrastructure...
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Voltage quality problems
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Traditional solutfions vs. voltage regulation

Grid reinforcement Voltage regulation
» Replace fransformers and » Targeted, modular
cables deployment
« High CAPEX, long lead times » Lower CAPEX, fast install
* Permits and civil works * Minimal civil works
» Stfranded asset risk » Future-proof and movable
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Typical voltage regulation products

Power electronics
« Capacitor bank
* Volt-VAR confrol
 Inverters from batteries (and solar)

« STATCOM

Transformer-based
e Distribution fransformer with OLTC
* Line voltage regulators
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Cheaper, faster & more flexible

» Grid impact:. improved capacity using existing infrastructure
« Speed: weeks to months vs. years to deploy

» Cost:. a fraction of reinforcement CAPEX

* Flexibility: redeploy as load patterns shift

» Risk: avoid stranded assets
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Voltage regulation customers
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Markets

20+ years in operation
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Partnerships
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Transtormer based voltage regulators

MVR VRDT LVR
Medium Voltage Regulator Voltage Regulating Low Voltage Regulator
Distribution Transformer
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Technology overview
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CONVENTIONAL NETWORK PLANNING

Generation case: XLPE Al 120 0,4kV

Generation Case
oft 500ft 1000ft 1500ft 2000ft 2500ft 3000ft
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350kw
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VRDT WITH STATIC SET-POINT
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VRDT WITH STATIC SET-POINT
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VRDT WITH STATIC SET-POINT

Utilisation of primary distribution Utilisation of secondary distribution

Substation voltage range VRDT voltage range

+10%

+3% maximum voltage rise

X
@2'0 kv Y\ o 400V
l v N y v \\\// l l l l l l l l l l

~ -5% maximum voltage drop

-10%4 CURRETT

Enabling Network Technology 24
throughout Europe q q q
Source: Maschinenfabrik Reinhausen



VRDT WITH STATIC SET-POINT
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VRDT WITH DYNAMIC SET-POINT
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VRDT WITH STATIC SET-POINT
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VRDT WITH DYNAMIC SET-POINT
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VRDT WITH DYNAMIC SET-POINT
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VRDT INCREASE HOSTING CAPACITY

Generation case: XLPE Al 120 0,4kV

Generation Case
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VRDT INCREASE LOAD CAPACITY

Load case: XLPE Al 120 0,4kV
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Our 100 kVA has the
same fooftprint as a
standard 100 kVA
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VRDT

B ; 230 V 22 kv ; 22 kV

Tried and tested vacuumcell-technology
No oil pollution

Maintenance free under lifetime of the
transformer

No additonal losses

9 steps

...or2x8+ 1=17 steps

1
°

Automatic tap-changer from Maschinenfabrik Reinhausen
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“We procure one hun-
dred percent of our
new transformers as
VRDTs since we
assume that we need a
one hundred percent
guota anyway.”

“Several DSOs are currently ordering .
around 80-100% of their distribution — Bianca Renner, Strate-

gy and Innovation Engi-
neer at Avacon Netz

- F. Pizzutto, Business Development GmbH *

Manager, Machinenfabrik Reinhausen

transformers as VRDT’s”
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VRDT - Voltage Regulating Distribution
Transtformer

« Distribution transformer with OLTC for: \ ¥
 Circuits with high Rooftop PV penetration :
« Upstream voltage variations ‘
+ Lifetime: >500.000 switching operations
- Remote control capabilities (IEC104++)
* Max short circuit level: 4,5kA
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MVR — Medium Voltage Regulator

Line voltage regulator for MV:

* Long radials

 Distributed generation
Lifetime: >300.000 switching operations
Remote control capabilities (IEC104++)
Loadable tertiary delta winding (230V)
Max short circuit level: 4,5kA
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LVR — Low Voltage Regulators

« Improves lifetime of existing LV grid

« Reduces or eliminates grid upgrade cost
 Lifts/lowers and stabilizes the voltage

« Corrects voltage unbalances 3~

* Increases (Isc1) approx. 60%

Input voltage Output voltage
240 240 ‘Lm‘mqu:&m el
WA
=
20 kV@ 230V 225V 220V 215V 205V 230V 225V 220V
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High Level Key takeaways

Long life (30+ years)

Easy and proven system integrations

Clear and established supply chains

High TLR and MLR level

Built for low/medium voltage rural distribution grid
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Use cases & best practice
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LVR — Low Voltage Regulators
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Power flow In both directions
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Power flow In both directions
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Typical curves after SVB

Voltage [V]
250
240 . I {
230 ey W l w
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MVR — Medium Voltage Regulator
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22 kV MVR Sollihggda, Norway

* Need for 2 MW at the end of a 24 km
radial from substation

« Only 700 kW available

e Alternatives:;

1. Traditional grid reinforcement: approx. 4MEUR
total cost for a temporary demand.

2. 3 MVA, 22 kV series regulator: 0,4MEUR
including installation and reconfiguration of
%v(\/)i’rches. Can be installed 6-7 months after

* Prototype installed in 2020

« Tunnelis built and the regulator is being
prepared to be moved to a new
location.
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VRDT - Voltage Regulating Distribution Transtformer
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Project — VRDT Sarpsborg

Rooftop solar creates voltage
variations in the transformer circuit.

* Increasing the allowed voltage rise
from DG from 2.5% to 5% would
double the available capacity.

* The problem was solved with VRDT,
and the OLTC switches roughly
once per day.

« With a guaranteed 500,000
switching operations, the tap
changer will outlast the transformer
by a wide margin.
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Helgeland Kraft AS
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Best practice & key takeaways

» Plan voltage regulation alongside reinforcement, not after
* Measure first: voltage logs guide sizing
« Coordinate MV and LV regulation with PV inverter control

Key takeaway: regulation is cheaper, faster and more flexible

CURRENT

oooooooooooooooooooo
oooooooooooooooo

63



Questionse

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



	Slide 1: Voltage Regulators
	Slide 2: Agenda
	Slide 3
	Slide 4
	Slide 5: Why voltage regulation?
	Slide 6: Renewables and demanding loads are stressing an ageing infrastructure…
	Slide 7: Voltage quality problems
	Slide 8: Traditional solutions vs. voltage regulation
	Slide 9: Typical voltage regulation products
	Slide 10: Cheaper, faster & more flexible
	Slide 11: Magtech
	Slide 14: Voltage regulation customers
	Slide 15: Markets 20+ years in operation
	Slide 16: Partnerships
	Slide 17: Transformer based voltage regulators
	Slide 18: Technology overview
	Slide 19: CONVENTIONAL NETWORK PLANNING
	Slide 20: CONVENTIONAL NETWORK PLANNING
	Slide 21: CONVENTIONAL NETWORK PLANNING
	Slide 22: VRDT WITH STATIC SET-POINT
	Slide 23: VRDT WITH STATIC SET-POINT
	Slide 24: VRDT WITH STATIC SET-POINT
	Slide 25: VRDT WITH STATIC SET-POINT
	Slide 26: VRDT WITH DYNAMIC SET-POINT
	Slide 27: VRDT WITH STATIC SET-POINT
	Slide 28: VRDT WITH DYNAMIC SET-POINT
	Slide 29: VRDT WITH DYNAMIC SET-POINT
	Slide 30: VRDT INCREASE HOSTING CAPACITY
	Slide 31: VRDT INCREASE LOAD CAPACITY
	Slide 32: MR OLTC
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40: VRDT – Voltage Regulating Distribution Transformer
	Slide 41: MVR – Medium Voltage Regulator
	Slide 42: LVR – Low Voltage Regulators
	Slide 47: High Level Key takeaways
	Slide 48: Use cases & best practice
	Slide 49: LVR – Low Voltage Regulators
	Slide 50: Power flow in both directions
	Slide 51: Power flow in both directions
	Slide 53: Typical curves after SVB
	Slide 54
	Slide 55: MVR – Medium Voltage Regulator
	Slide 56: 22 kV MVR Sollihøgda, Norway
	Slide 57
	Slide 58
	Slide 59
	Slide 60: VRDT – Voltage Regulating Distribution Transformer
	Slide 61: Project – VRDT Sarpsborg
	Slide 62: Helgeland Kraft AS
	Slide 63: Best practice & key takeaways
	Slide 64: Questions?

