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2011: Part-time professor in Power Quality

Power Quality Problems
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What can we learn from the past?

What is important at this moment?

What will the future
bring?

Looking back
What development in Power Quality
has surprised you the most?

Which word do you use most often
in your work related to Power Quality?

Looking ahead
Which phenomenon do you expect
to become the biggest challenge
in the next 10 years?
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Chat gpt

Advan

Volta

Rise of Renewable Energy

f What development in Power Quality has surprised you the most?

& EV Impact

ced Power Quality
Monitoring

Inverters also

- '* = Improving PQ

m—— _ Growing Concerns about Blackouts
e Sags & Swells in
nergy Storage . ~MI & RFl Interference =

Rapid Tech Advancements
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2002: PV and PQ, Interaction and limits
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Low Voltage from y, 4 Solar Ponels / Frequent Voltage

Grid or Inrush Loads / into Grid Changes & Flicker
Solutions for Voltage Problem
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2007: Power Quality, Implications at the point of connection

Power Qual |ty | £ Respon5|b|I|t|es
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Manufacturers i g : N Consumers 7,
o " ~ Power Quality : T —— <

- Produce Qu'alit'y. Equipment 5 Responsibilities v/ Monitor & Protect Equipment
v/ Reduce Harmonics & EMI > “ " v/ Comply with Standards
v Comply W|th Standards 5

v Ensure Stable Voltage & Frequency
/v Maintain Low Harmonics & Flicker
v Reduce Voltage Sags & Surges
v Improve Reliability & Efficiency
=«v/ Meet Power Quality Standards S

v Ensure Stable Voltage & Frequency v Ensure Stable Voltage & Fficker
v Maintain Low Harmonics & Flicker v Meet Power Quality Standards




Lessions learned from the past

THE IMPORTANCE OF EDUCATION
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Lessions learned from the past

S @ ©dd harmonics Even harmonics

Not multiples of 3 : Multiples of 3

 Relaive = h | Relative = h | Relative
voltage voltage voltage

6 3 5 2 2
5 9 1,5 4 1
3,5 15 0,5 6...24 0,5

......
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Regulation of harmonics

Odd harmonics Even harmonics
Not multiples of 3 Multiples of 3
h Relative h Relative h Relative
voltage voltage voltage
s | 8 [ a3 | s 2
7 5 9 1,5 4 1
11 35 15 8/5 6...24 0,5
13 3 21 5
17 2
19 15
23 1,5
25 1,5
1
0,75

No theoretical reason for low values
All frequencies should be updated
THD perhaps divided in THD, and THD,,

Higher frequencies -> Lower limits

TU/e



Not always using N-1

HV/MV @

@ 8 8

—

PV close to substation (no voltage problem)
Disconnect when cable A is out of order!

Change in grid code!




Lessions learned from the past: The electricity system!

p— —

HV - High Voltage 110 kV - 400 kV

Propagation?

the H-leve!
\evel!

Wwhat is haPPe?

\—N'
n't stay at h

does

Many distorbers at the LV-level will

influence the quality at LV-level the
most!

Residential Area

TU/e



The smart (grid) system includes also the customer

P— —————y
HV - ngh VOltage 110 kv' 400 kv Solar panels generate Surplus energy is stored in The converter
electricity. accumulators. - adapts the voltage between the accumulators
and the grid

- accomodates swings in the voltage
- ensures a stable electricity supply

= Medium Voltage bishibutinn Cables

The interrupter can cut the electricity supply off from the grid. Using the transformer (extra)
Beyond this point the grid can continue to function autonomously electricity can be supplied or
using the energy stored in the accumulators. delivered back to the grid.

Grid operator: What will be connected to my network
Customer: To what quality network will | be connected?

T TU/e




What is important at the moment

5" Which word do you use most often in your work related to Power Quality?
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Changes: generation of energy

TU/e



The biggest problem for the DSO at the moment

Zonnepanelen vallen bij 75.000
eigenaren uit tijdens volle zon

TU/e



Problem with flicker on wide scale

Voltage Light intensity

-

* \Voltage variation in the network with frquency around
3,5 Hz, resulting in flicker problem

e More control units in the network
*  Less Short Circuit Power

TU/e
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False positive or false negative operation

of protection devices

Interference with power line

communication (PLC)

Failing of cable terminations and

connections (in MV/HV)

Appliance specific problems:

* Coffee machines, printers, dimmers,
touch sensitive controls, internal clocks ERR..... AP
(77.5 kHz), measuring devices, induction

cooking plates, EV chargers i,l?
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(Tim Slangen)
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Changes: more and different types of connections

* More flexible loads

* More storage devices

* More power electronics

e Electric boilers

* Heat pumps, PV and EV
* More disturbing loads

* More sensitive loads

TU/e




Production

Brussel

S TU/e

Rann Rann



Changes: increased usage of cables/transformers/lines/flexibility....
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Flexibility in contracts

More flexibility in regulation
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Not 1 solution but a set of different ones

J— —————

HV - High Voltage 110 kV - 400 kV

.

MV - Medium Voltage

10KV 30KV

Residential Area

Solar panels generate Surplus energy is stored in The converter

electricity. accumulators. - adapts the voltage between the accumulators
and the grid

- accomodates swings in the voltage

- ensures a stable electricity supply

The interrupter can cut the electricity supply off from the grid. Using the transformer (extra)
Beyond this point the grid can continue to function autonomously electricity can be supplied or
using the energy stored in the accumulators. delivered back to the grid.

Extending network

Adapting production

Adapting load
Regulation
Normalization
Storage

Prices

Voltage control

TU/e



Measurements

AN R\
Voltage quality is measured at each voltage R \Q
level since 90s Resultaten 2023 \
in 2014, 2015 increase in measurements

network operators publish an annual report

Changes in campaign: More fixed placed
instruments at MV- and LV-level

/-/////

Netbeheer Nederland, vereniging van energlenetbeheerders in Nederland \
De vereniging Ne! er Nederdand s de lany h: de lands ale
elekricitent- en Ne: d s )
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fus en vi mal de e N \
. zijn jon:
’ - 3 Net m rtijen de
> n rders voorstellen
1 ey uur v
v oo
- X
Netbeheer ’-fvTEps'
: Nederland T
< \
Wy '

NN\ N

. g
4 Figuur 2.1: Continue verschijnselen LS, 202
Figuur B.1: Grafisch overzicht meetiocaties MS. 2023 I U /e



Data management: Make optimal use of exsisting data!

HV - High Voltage 110 kV - 400 KV

igh Voltage Transmiséion Lines = =
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%@* Which phenomenon do you expect to become the biggest challenge in the next 10
: years?

Proliferation of 5G & loT
Devices

Monitoring
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Which phenomenon do you expect
to become the biggest challenge
in the nEXt 10 yea rS? Which phenomenon do you expect to become

the biggest challenge in the next 10 years?
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Chat gpt ‘ ? Al & Automation
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(I did not refer clearly to the exel table)

Global Pandemics | Economic Instability
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Which PQ phenomenon do you expect to become
the biggest challenge in the next 10 years?

crater

Be careful with Al
Keep using your own brain!

Most mentioned power quality phenomena (word frequency)




Future developments
More data, look for strategic placement of PQ-meters!

HV - High Voltage 110 kV - 400 kV

<ol Residential Area T Coae




Power Quality: Phenomena and Responsibilities

Voltage interruptions

Voltage harmonics

\_'\ﬁ"“s?

Voltage dips

Overvoltages

Voltage unbalance

o

Emission and immunity

|

Manufactorer

0,

Voltage Current
Voltage fluctuations ! v l
Grid operator . Customer
W POC
— @
Transients \//
Network Harmonic current limits
! . Levijne Nieuwenhuyzen
impedance |
Voltage level

Supraharmonic limits

Fast voltage variations (dips, flicker)
Unbalance
Harmonics

B ¥

TU/e



The energy hub

Leonardo mendes sousa xavier

I

Normal operation range

()
g
= | Surge
> Voltage swell Voltage deviation
Transient
1 —4
Voltage dip Voltage deviation
Voltage interruption

Some Some Some Some Some Some

0 ms ! 10ms ! 100 ms ! s ! 10s ¢ r!w\ min ! Time

Grid compliance
DC - Power Quality
Optimalization

IEC
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1 Lab Testbeds ! 3. Effncnency Measurements 4. On-site Testing
WA A ¥ = :

Luiz Felipe A. Silveira
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PQ-smart grid lab (LV and MV)




Education

Course Power Quality Phenomena
* Lectures + instructions
* Practical assighment

7 Impacts of Poor
ﬁ"‘r—r—r % \ ' Power Quality
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The quality you give is the quality you get!
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