DO NOT BYPAS UNLESS ON NEUTRAL POSITION AND WS

g T RN Network operations: Back to the future

W POLARITY MARKER

B887288 REV 01

FILLED WITH ANSI TYPE Il MINERAL OIL
THAT CONTAINED LESS THAN 1 PPM PCB
AT TIME OF MANUFACTURE.

“A jowrney where field data, a good understanding

and innovative solutions become enablers of the E Ro N G
»

SINGLE PHASE STEP VOLTAGE REGULATOR VR—32 55/65°C RISE CLASS ONAN

B R T A T future” - Anonymous, ErongoRED red

RANGE OF L1105 SPA=2ZaUSiERS

RaTeD power to the people
VOLTS 22000 gi%: /
v VRAN44BCL71005059A g

Eninn. 2 % oo,

st P 1850004590 S0 T
1

LAY 1192 KGS. WRiGHT 2 286 KGS. 3'TLERS776

T LOAD %EROL INVERNAL RCY TE;?A?IIAL o:sgxu
SOURCE VOLTS | "(TANK) n/mo CDNTROL vom\ee RATIO
< P B 23000 E( 5331 127 1 5

CONTROL
WINDING

TAPS LOCATED UNDER
ol on 1ap ciangen . WARNING:

TERMINAL BOARD 20 NOT BYPASS UNLESS ON NEUTRAL POSITION Al

LLATION AND OPERATING*-
INsmucnoNs Mszsoosm AND MN225008EN

JUNCTION BOX
(ON COVER)
FILLED WITH ANS!I TYPE 1l MINERAL Ol
ADE IN WAUK
o RO a1 ”" e ‘%ISCONSII\YI S

AEDU, 2024

Johan.Rens@ieee.org



mailto:Johan.Rens@ieee.org
mailto:Johan.Rens@ieee.org

Introduction

e Namibian electricity distribution - digital era present interesting
opportunities

* A highly meshed network with multiple transmission connections and high
fault levels, serving customers well - that is a lesser challenge.

* A Namibian distribution network - lower fault levels serving smaller loads,
distributed over long distances, and with limited transmission infeeds and
limited network contingencies, a challenge worthy of consideration.

* To measure is to know -well-developed solutions and operational (#1)
* A well-developed user-friendly network simulator (#2)

* From fundamental network principles to a digital support tool: the
ErongoRED case made simple - The Digital Twin is born (#1 + #2)

e ErongoRED to be ready for possible significant investments (and growth)



What is a Digital Twin! | M X Other

* Virtual replica of an electrical distribution system (i.e.)

e Near real-time simulation, analysis - and control as and when needed.

* To support operational (and energy) efficiency, reliability, serving end-user.

e Itis a concept of "thinking”: Integrating various sources of information and resources

* ErongoRED: An accurate electrical equivalent circuit - simulated and supported by real-time

field data

e Network simulation not only to plan future network operation and investment;

e But - a network computer model that accept measured field data to estimate/predict how a
specific network contingency is affecting voltage stability/quality - end-user service levesl

* In near real-time - simple operating features — accessible to operators/engineers

* Validated (true) network performance support operational decision making



Where is an opportunity for ErongoRED?

The physical (as-is) specifications of the ErongoRED network exists.

A network equivalent model using first principles has been (mostly) constructed.
[t includes network contingencies (switching - i.e. maintenance)

DigSilent as implementation platform

Comprehensive: modeling, analysis, and simulation - from basic to complex configurations
and to include distributed renewable energy sources

Comprehensive monitoring of load flow and voltage quality in near real-time - it exists.

[f a DigSilent simulation/prediction can be done, using recent (“just now”) measurements to
reflect the network state, then the assessment of voltage performance when a configuration
change is considered, being a reliable prediction, is useful/practical.

Digital model: predict impact on end-user where no monitoring is done - “state estimation”

= A Digital Twin is no a longer a new-born



Voltage quality- the perfect world

* Linear load - Source impedance set voltage regulation

* The perfect load is linear - voltage “looks” like current

e Such as a perfect resistance
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Voltage quality - in the near perfect world
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Voltage quality and non-linear loads
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Voltage quality in the real world

* Nonlinear load, Source impedance less

AN Voltage quality could be a
e Transformer serves mostly “harmonic” load |
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Case study: Mitigation of voltage distortion

e What is the root-case of voltage harmonics!
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Case study: How to mitigate voltage wavetorm distortion

* Harmonic current must not flow in supply network (Ohms law!)

* Prevent harmonic voltage drop across supply impedance (Ohms law)

1) Do not withdraw harmonic currents: active "front-ends” - expensive

2) Active harmonic filter - power electronics, high maintenance and energy
losses

3) Passive harmonic filters in different configurations:
a) Tuned well: customised design to not affect network impedance profile
b) Designed to be self-tuning - hybrid passive filters
c) Energy-efficient, robust, low maintenance
d) But: need careful design and network analysis - and verification by

modelling (the one Digital Twin - DigSilent i.e.)



Choose the harmonics

ErongoRED: Current harmonics example
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Briefly: What voltage emission is about

V.: Harmonic voltage phasor, PoC. (EN
Y
L: Harmonic current phasor injected into PCC ooc| < L
supply network. Z, I
E . Network harmonic voltage phasor, PCC T
A
Z:  Grid (supply) impedance. E,,(,T /\/ A v, |z, <> 1
Z :  Load impedance. l
L :  Harmonic current source l
E Voltage harmonic emission: Ep, = I}, X o _
Util Non linear load (customer)
Zp
Options for mitigation:
1. Filter

2. DCUQOSA: Distribution Customer Use of System Agreement \j



Passive harmonic filter: trap harmonic current
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Harmonic amplification - by resonance
Impedance can be very low, or very high, at specific frequencies - resonance

Series and parallel resonant paths will exist, always, in any power system

Z(f)series = R+ j2nfL+ 1/ 5 o0 = R+ X, — jXc

[f harmonics do not align with resonant frequency,
not a concern - need to know where resonant points
are = DigSilent
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Example of harmonic resonant amplification

Parallel resonance

l harmonic impedance
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* Q: How did Benjamin Franklin feel <= +
after discovering electricity? \

Series resonance?

A: Shocked.



The harmonic resonant path(s)




Filter design demonstration

Harmonic filter should trap harmonic currents from distorting load, and not be
overloaded by harmonic currents from grid

Impedance path 1 Impedance path 2

22 kV/400 V o

POWER OUTAGES AREN'T
A LAUGHING MATTER. | \L
THEY’RE TOO DARK.




Harmonic filter: Theoretical performance (1)
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Harmonic filter: Theoretical performance (2)
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Impedance path 2

22 kV/400 V
Filter
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Impedance path 2: Load towards filter and grid
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Field measurements: Voltage THD

Impact of filters on VTHD at a distorting load at ErongoRED
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Field measurements: harmonic voltages

Filter performance: harmonic voltages
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Field measurements: harmonic currents

Filter performance: harmonic currents
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Conclusion

Feel free to invest in ErongoRED: The commitment to serve customers well,
is real.
Operational risk to end-users are being monitored, managed well.
» System technical performance: Daily and historical data is available.
» SCADA to track load flow, configurations, network operations
» Capable field teams to do field work
» Containing financial risk: Embedded generation for self-consumption,
less consumers, same operational costs vs lower income
Network planning is done and supported by a verification tool: DigSilent
Innovation to remain financially viable within a dynamic business model
Realising the vision of ErongoRED:
Enabling growth through innovative electricity distribution and
supply to our communities.



