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Renewable Energy Connections at Distribution Voltage

Presentation Overview

1. Our Background

2. The Application — An empirical overview

3. Switchgear

4. Protection Schemes

5. Protecting the Assets

6. Anti-islanding and Grid Connection requirements
7. Power Quality Monitoring and Compliance

8. Metering

9. Putting it all together

OSM Recloser Installation — Narrabri Solar New South Wales, Australia
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innovative products combined with unrivalled

service and tgliability worldwide.

s NOJA POWER’

W




“My work here today, and every day, is keeping the

lights on all over the world”
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GLOBAL INSTALL BASE

Empowering
the World.

The company has installations of more
than 100,000 NOJA Power OSM Series
automatic circuit reclosers in over 106
countries worldwide.
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NOJA POWER

Headquarters and
Manufacturing Campus

Based in Murarrie, Brisbane.
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Our Product Range

Recloser Controller Recloser Controller Recloser Controlier

RC-02/RC-03 RC-10 / RC-15 RC-20

Automatic Circuit Recloser Ground Mount Kiosk

OosM38 GMK 4000

Automatic Circuit Recloser Automatic Circuit Recloser Automatic Circuit Recloser

OsSMi5 osm27 OsSM38

Single Phase Recloser Substation Circuit Breaker

EcoLink™ EcoBreaker™

Ground Mount Kiosk Ground Mount Kiosk NOJA PowRN

GMK 1000 GMK 2000 VISI-SWITCH®
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The Opportunities in our Industry

The Biden $1.2 trillion
Infrastructure bill with
funding for EVs,
transmission,
distribution and
renewables

The Power Industry is
entering a super cycle
for the next decade that
will see unprecedented
growth

Large scale renewable
energy connections to
the Distribution Grid

Security and Automation
of the grid

The elimination of SF6
gas from Distribution
Networks

United Nations target to
achieve Net Carbon
Zero by 2050

Our R&D Team has
been very busy for the
last 3 years to develop

solutions to take
advantage of the super
cycle

Electric Vehicles and
the change in Energy
use that will create
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Changing Generation Mix

Dpen ~ EIeCtriCitg Tracker Facilities Scenarios Analysis About
Energy v NEM v E] A | D 3 D 3D ‘ AL~ l [ Month + ] [ Al l Consumption Generation
= Energy GWhjmanth Av. 16,351 GWh/month Dec 1998 - Sep 2024
Detailed o Energy Contribution AvMValue
Sources
Solar (Rooftop) 134,318 26% $5194
Solar (Utility) 60,814 12% $6100
. Wind 23,977 42% $66.11
. Hydro 308,494 a1% $74.85
. Battery (Discharging) 1,376 0.03% $212.
. Gas (Waste Coal Mine) 6,608 01% $8219
Gas (Reciprocating) 1579 0.03% $196.19
Gas (OCGT) 78,059 15% $no.48
Gas (CCGT) 236,029 4.6% $59.34
1999 2002 2008 2004 2007 2008 2mm 2m2 2013 2014 2015 2018 201 2018 2013 2020 201 2023 2024 as (Steam) 78,880 - 7673
= Emissions Velume tCOze/month A 14,048,586 tCO.e/month I Distillate 1351 0.03% $354.26
. Bioenergy (Biomass) 3,764 0.07% $63.69
15,000,000 Bioenergy (Biogas) 223 0004% $114.24
. Coal (Black) 2737675 538% $57.80
B Coal (Brown) 1222 966 24.0% $47.90
Loads -19,101
Pumps -17,347 -03% $53.78
. Battery (Charging) -1754 -0.03% £5100
2003 2008 202 3 2017 2020
Net 5,068,912
= Emission Intensity kgCOze/MWh Av. BE9 kgCOze/MWh Renewables 722,589 14.2%
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Renewable Connections

Future AEMO Forecast

1. All scenarios suggest high levels
of distributed generation
2. The most likely scenario is a Step

Change to renewables.

A range of modelled scenarios exist which envision the evolution of
Australia's National Electricity Market (NEM) over the coming decades.

These scenarios aim to steer Australia towards a cost-effective, reliable
and safe energy system en route to a zero-emissions electricity
network.

Explore the scenarios:

AEMO 20241SP  ©

Step Change I;ifogl'ess.e\u-.- Green Energy
Change Exports

20010 2024

View: Default °

Solar (Rooftop) 0 Solar (Utility) %t

— H
2000 2024 2040 2062 2010 2024 2040 2062

NOJA POWER

Energy Generation (TWh) by Financial Year

AEMO STEP CHANGE 2024

Considered the most likely scenario, Step Change
forecasts a rapid energy transition aligned with Australia’s
emissions reductions commitments within a growing
economy.

240 2052

s Hydro @ Gas @ Coal Q

2024 2040 2062 2010 2024 2040 2062 2000 2024 2040 2062 2000 2024 2040 2062



= c
o 3
o 2
M <
m
S :
=

©




Renewable
Connections

Medium Voltage Connections Proliferating

Many applications below 5MW

Requirements for Protection, Control, Power

Quality Monitoring, Anti Islanding and

Revenue Metering

NOJA POWER
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Mcintyre River
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Protection,
Control and
Automation




Requirements

» Circuit Breaker

* Protection System — Protecting the asset, and meeting the anti-islanding
requirements

» Power Quality Monitoring

* Revenue Metering

* Maintenance provisions

Goondiwindi Solar Farm — Overhead Connection with separate metering
installation

e
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Switchgear Requirements

Protection for the assets

Switch for anti-islanding and grid connection

Many renewable sites have relatively low peak fault currents — non-
synchronous generation

Lower peak interruption capacity enables use of other switchgear asset
classes

If it's below 16 kA RMS interruption, engineers can use devices such as
reclosers to fulfil the circuit breaker role

These other asset classes reduce need for additional protection control

assets if the protection relays/sensors meet the connection requirements.

NOJA POWER

Rated maximum voltage 155 kV 155 kY 27 kv 38 kV 3B KV 40.5 kv
Rated continuous curment 630 A 800 A 800 A 800 A 800 A 800 A
Fault make capacity RMS 12.5 kA 16 kA 12.5 kA 12.5 kA 16 kA 16 kA
Fault make capacity Peak (50Hz) I 5kA 40 kA 315 kA 315 kA 40 kA 40 kA
Fault make capacity Peak (60Hz) 325KA 42 KA 325 kA 325 kA 42 KA 42 kA
Fault break capacity 12.5 kA 16 kA 12.5 kA 12.5 kA 16 kA 16 kA
Asymmetrical Breaking Current 13 kA 17 kA 13 kKA 13 kA 17 kA 17 kA
DC component Interruption capacity  20% 20% 20% 20% 20% 20%
Mechanical operations 10000 30000 30000 30000 30000 30000
Full Load Operations 10000 30000 30000 30000 30000 30000
Fault break capacity operations 70 70 140 100 140 140
Short time current withstand 3 12.5 kA 16 kA 16 kA 12.5 kA 16 kA 16 kA
seconds
Mainly active breaking capacity 630 A 300 A 800 A 800 A 800 A 800 A
Cable charging current 10 A 25 A 25 A 40 A 40 A 40 A
Line charging current 24 A 5A AA A 5A
Impulse withstand across the 10O kV 110 kV 150 kW 170 kV 170 KV 190 kY
interrupter
Impulse withstand phase to earth 110 kv 110 kV 150 kv 195 kV 200 kv 200 kv
and phase to phase
Power frequency withstand phaseto 50 kW 50 kY 60 KV TO kY 7O KV a0 kv
earth {dnk and across the intermupter
Arc Fault Current Duration 16 kAM 2 s& 16 KA/D 2 5 12]{.5\!{]_2 125kAN1 s 125 kAN s 125kA1s
s
Closing Time =60 ms =G0 ms =G0 ms =70 ms =70 ms =70 ms
Opening Time =30 ms <30 ms =30 ms <30 ms =30 ms =30 ms
Interrupting Time =50 ms =50 ms =50 ms =50 ms =50 ms =50 ms
Arcing Time <20 ms <20 ms <20 ms <20 ms =20 ms <20 ms



Why can a Recloser be used
as a Circuit Breaker?

»  Compliantto IEC 62271-1 and -111.

* Recloser standard shortens the duty cycle — more arduous than CB standard

* Reclosers generally have lower peak interrupt current, 16 kA typical peak
while Circuit Breakers up to 40 kA.

* Allreclosers are CBs, not all CBs are reclosers.

* Provided recloser can address peak fault current, either CB or Recloser can
be used.

* Reclosers often supplied complete with sensors and protection — reduces
cost in design, control system

* Recloser generally used in “Circuit Breaker Mode” in Renewable connections

—that is, single shot to lockout.

1. Vacuum Interrupter 9. Current Transformer (position varies with model)
2. Insulated Drive Rod 10. Capacitively Coupled Voltage Sensor

3. Magnetic Actuator 11. Opening spring

4. Aromatic Epoxy Resin Housing 12. Mechanical Trip Ring

5. Silicone Rubber Bushing Boot

6. Cable Connector

7. Stainless Steel Tank

8. Auxiliary Switches

NOJA POWER



Single Line Diagram of
Switchgear Assembly

*  Example layout — from first case study showing GMK interface

*  GMK has a Recloser in switchgear compartment, with interlocked earth
switch on the generator side.

* Load current is below 630 A, fault interrupt is below 16 kA

» Engineers using the ACR’s integrated sensors for PQ Monitoring and
protection

« Control compartment is a Low Voltage access area, can be operated locally
onsite while asset is live if within works practices, or controlled remotely via

SCADA.

NOJA POWER

DOWNSTREAM POLE TOP UTILITY
FEEDER RECLOSER FEEDER
l- OH/UG
NOJA Power GME
L'Alﬂ\""] i L
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PROTECTION ' e | i

| E

I

R

______________________________________________________________________________________________ Handover Point

Client owned GMK




Alternative Case Example

NOJA POWER

REVENUE METER PQ METER
KW1 PAM1
« Adding more features to the asset. ~—1 [~
* Revenue metering and PQ Meter CONTROL COMPARTMENT | 0SM COMPARTMENT MV CABLE COMPARTMENT
» Copper controls for switchgear ; :
5 VT23X1PH 0.5, Y-¥ '
| E
: AUXVT1 : CT13X05 CT2 3X 0.5
' @ T o
" s I s
| s ! e
I RC10 CONTROL : I !
I E 0osM I E
| 1/ MODULE : | | :
| ! |
e _ o — — —— I

Control Compartment OSM Compartment MV Cable Compartment

EXTERNAL TRIP SIGNALS

SOURCE

LOAD
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Adding Differential Protection
with the Switchgear

——————————————————————————————————— — SUPPLIED AND PRE-FITTED
| I
° Cable bay has CTS | CONTROL COMPARTMENT H OSM COMPARTMENT ; MV CABLE COMPARTMENT |
| I
» CT outputs wired to Differential Relay in control compartment : :
* Additional CTs wired on transformer secondaries | |
l I POWER TRANSFORMER
- Differential relay interfaces with switchgear through copper Input Output : Lol I mn@ o
e e L
I
module. : : : :
| RC10 CONTROL LN
] ! |
| | 1/0 MODULE ' oM \ | |
[ ! | | |
i i __ | _ .
| AUXVTL |
| O I SOURCE
I I
| DIFF RELAY |
I |
I |
I |
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Approved Grid Protection Relays

SR

Part of Energy Queensland

Table 1 - High Priority Functions - Level 1

Item | Protection Functional Description ANSIV/IEEE Standard C37.2 Code
1 Under voltage (UV) 27P

2 Over voltage (OV) HoP

3 Under frequency (UF) 81U

4 Over frequency (OF) 810

5 Rate of change of frequency (ROCOF) # 81R

5] Directional power (for export limiting) 32 (can be a separate device)

# ROCOF is mandatory for IES and rotating machine systems.

The list provided is based on the GPR certified compliance to the following:
« |EC 60255-1 Common requirements;

» |EC 60255-26 EMC requirements;
« |EC 60255-27 Product safety requirements;

« |EC 60255-127 Functions requirements for over/under voltage protection; and
+» |EC 60255-181 Functional requirements for frequency protection.

Approval
Manufacturer Model Level 1 Level 2 Endorsed Date
Noia Power RC20 Controller
! (REL-20-4G) Yes No 24/01/2024

RC Cubicle

NOJA POWER

GPS Radome

OSM Recloser ¢+ » Relay <~
Phase Vacwum b e >
e > w UPS & Switchgear Control 1 B A
HV Line cvTs CVTs witchgear Control B !
m 5! :
: H iy : i 3 Digital
/-I\ : 58 ., > SIM |« -—------: § ! 1| Inputs
b §g S0 0 | D U T > H
H : B3 %8 : 8 H Q!
HE 38 E° ° A A G e
. = H ['4
\ =3 3 Pl : s
A o Y ¥ L3 3!
P g pSC/ R H
\ : = adiof o SH
! G PSM < Modem Modules '
! o Battery '
A
Comms.

]
Power y

------- Control / Indication Remote SCADAICMS/

.............. Daa ACIDG Supply NOJA APP/Protocols




Protection Diagram

AC Circuit
Breaker

RC SERIES CONTROLS

Under Violtage Over Voltage Vector
Relay Relay Shift

Meutral Voltage

Frequency
Imbalance Relay

Protection

POM
Up to 63~
Harmonic
High Z _ Overcument Time Delayed Broken Directional Meutral Fault Hamanic Power Voltage Synchro Sectionalizer
Fault Detection Relay Overcurrent  Conductor  Owercurrent  Admittance Locator Relay Quality Controlled Phasors.
Monitoring  Owvercurrent Sync Check
Auto-Sync
Relay
Reverse
-------------------------------------------- === == === o= SES e e e e e e B e e e e el Ll Fhase
Relay
Trip Circuit Time-Delay Interlocking Reclosing Lockout Breakesr
Monitor Chosing Relay Relay Relay Relay Failure
) ( Under Voltage Over Violtage  pyoyral Voltage
Relay Relay Imbalance Felay
AC-15/20 ONLY

Scheme

- Remate Input/ Human Historian Automatic
Logic Output Davice Maching Backfeed
Interface Restoration
AUTOMATIC EIMCUIT RECLOSEN e e @
Local Remote Inrush Smart Grd Cold Zome
Selector Switch Restraint Automation Load Sequence
Pickup Coordination

GPS Local
Comms WiFl

Cellular
Comms

Standard AC Saries
Communications Features

Access Hardware
Security* Enicryption

@ AC-20 Only Feature



Protection Diagram

AC Circuit
Breaker

RC SERIES CONTROLS

Under Voltage

— Protecting the Assets

Breaker
Failure

Ower Voltage Vector Meutral Voltage Frequency
_> C Ralay Relay shift Imbalance Relay Protection
PQM
> 46BC Up to 63+
Harmanic
High Z | Owercurrent  Time Delayed Broken Directional Meutral Fault Harmonic Power Voltage Synchro Sectionalizer
Fault Detection Relay Overcurrent | Conductor | Owercument || Admittance Locator Relay Quality Controlled Phasors
Monitoring | Overcurrent Syne Check
Auto-Sync
Relay
Reverse
-------------------------------------------- === === === o= SES e R S e e S E e e e e e e e e L Fhase
Relay

Trip Circuit Time-Delay Interlocking Reclasing Lockout
Monitor Chosing Relay Relay Relay Relay
) ( Under Voltage  Over Violtage  pyoyiral Voltage
Relay Relay Imbalance Relay

oOSM

AUTOMATIC CIMCUIT RECLOSER

Scheme

Remote Input/ Human Histonian Automatic
Logic Qutput Device Maching Backfesd
Interface Restoration
Local Remote Inrush Smart Grd Cold Zone
Selector Switch Restraint Automation Load Sequence
Pickup Coordination

AC-15/20 ONLY

GPS Local
Comms WiFi

Standard AC Saries
Communications Features

Cellular
Comms

Access
Security*

Hardware
Encryption

@ AC-20 Only Feature

NOJA

POWER’



Protection Diagram — Anti Islanding

AC Circuit
Breaker

RC SERIES CONTROLS

Under Voltage Ower Voltage Vector
Relay Relay Shift

Meutral Voltage Frequency
Imbalance Relay Protection

0 0 O

oOSM

AUTOMATIC CIMCUIT RECLOSER

00000

PQM
Up to 63~
Harmanic
High Z | Owercurrent  Time Delayed Broken Directional Meutral Fault Harmonic Power Voltage Synchro Sectionalizer
Fault Detection Relay Overcurrent | Conductor | Owercument || Admittance Locator Relay Quality Controlled Phasors
Monitoring | Overcurrent Syne Check
Auto-Sync
Relay
Reverse
=== === =co oo e I e b e e e e e L Fhase
Relay
Trip Circuit Time-Delay Interlocking Reclasing Lockout Breakar
Monitor Chosing Relay Relay Relay Relay Failure
UnderVoltage  Over Voltage  meutral voltage
Relay Relay Imbalance Relay
RC-15/20 ONLY
Schams Remote Input/ Human Histonian Automatic GPS Local Callular Access Hardwars
Logic Qutput Device Maching Backfesd Comms WiFi Comms Security* Encryption
Interface Restoration
@ ° e e Standard AC Series
- Communications Features
Local Remote Inrush Smart Gnd Cold Zome
Selector Switch  Restraint Automation Load Sequence
Pickup Coordination

@ AC-20 Only Feature

NOJA

POWER’
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Protecting the Assets
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NOJA POWER

Protecting Assets — Typical Features

Time Delayed (51*) and Instantanteous (50*) Overcurrent:

. Phase Overcurrent = N R ::;:Ef:z-;'.;};;"-s-;-——
. VA o e gy

. Negative Phase Sequence Overcurrent = ——

. Earth Fault

. Sensitive Earth Fault

Directional Overcurrent (67*)

. Phase Overcurrent

. Earth Fault

Voltage Controlled Overcurrent (51V)

Reverse Phase Relay




NOJA POWER

Asymmetric Faults

* Most faults are unbalanced

*  80% of overhead line faults are Line to Ground

* We use symmetrical components to transform all the phasor data into
something meaningful, then make protection decisions based on that

information.

Vi
Y4 #

Recloser installation, NSW Australia



Symmetrical Components

Mathematical transformation of phasor data

» Takes the unbalanced set of phasor data, gives a result of 3 balanced
components.

By doing this, we:

» Get the balance back AND

Extract new information about the relationship between the phasors AND

» Can detect specific fault types

NOJA POWER

Ler
Laog
3\ Isz  _I,, : P01 o
I a1 \é 7
Ip Ieo

(a) (b) (c)

(a) Positive, (b) Negative, and (¢) Zero Sequence
Components
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Example — Phasor to Symmetrical Components

Ve

Va

105°

/—/ﬁw

« Given:

* Va =5£53,

* Vb=72-164
* Vc=7£105

Formulae — Sequence Components from Phasors

Vo=V, +V,+V))

V=1, +av, + )

v,

%(Va +aV, +aV.)



Example — Phasor to Symmetrical Components

Ve

Va

105°

/—/ﬁw

« Given:

* Va =5£53,

* Vb=72-164
* Vc=7£105

Formulae — Sequence Components from Phasors
1
Vo =§(Va +V, +V£)
1 2
V=50 rav, +av)

v, =%(Va +a*V, +aV.)

Solve for the positive-sequence component:

V,= %(Va +aV, +a2VC)

= %(5453“ +(1£120° - 72164 )+ (1.£240° - 7.2105°))

=5.0£-10"

Solve for the negative-sequence component:

V=30 +av,+av)

= %(5453” +(12240° 72 ~164° )+ (121207 - 7.£105°))

=1.9£92°

Solve for the zero-sequence component:

v, :é(vﬂ £V, 4V)

= %(5453“ +7£-164" +7.£105°)

=3.5£122°

NOJA POWER

Vel

Positive Sequence

Vb1

Va2

Ve2
Vb2

Negative Sequence

Va0

Zero Sequence
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Vector Proof

Positive Sequence

Ve
Va
105°
53°
//1&“ Negative Sequence
Vb Unbalanced condition

Zero Sequence



Symmetrical Components in Practice

Thevenin Equivalent Circuits
Just as we have Positive, Negative and Zero Sequence Currents and
Voltages, we can also calculate symmetrical impedances too.

We can rely on V = IZ to calculate our fault magnitudes.

i0.175 e i0.175
I

Positive Sequence Thevenin Equivalent Negative Sequence Thevenin Equivalent

0199 -

Zero Sequence Thevenin Equivalent

NOJA POWER

*Arbitrary Values



Connecting Sequences per Fault Type for
Calculations

Single Line to Earth Fault

Line to Line Fault

Double Line to Ground Fault

Three Phase Fault

Open Phase Fault (Broken Conductor)

All sequence equivalents are connected
in series

Positive and Negative Sequence
equivalent networks are connected in
SEIEUE]

All Three equivalent networks are
connected in Parallel

The Positive Sequence equivalent
network is only used in Three Phase
Faults. No other networks connected

Depends on Network Topology




Three Phase Fault

Balanced, big, mostly Positive Sequence

Lineto Line Fault

Large Fault — Only impedance is the
conductor and generator/transformer
windings. Positive and Negative sequence
current is equal. Limited Zero Sequence

Current

Single Line to Ground

Unbalanced, generally smallest magnitude
of overcurrent fault types. Zero sequence
impedance varies on earthing type.
Positive, negative and zero sequence

equal.

Double Line to Ground

1o

120"

Can be very large, impedances connected

in parallel. Highly unbalanced.

NOJA POWER



Basic Overcurrent Protection Summary

Overcurrent (51P), NPS (51Q), Earth Fault (51G) and Sensitive
Earth Fault (51SG) cover most fault scenarios for overload and

insulation failure.
All these features provided by modern recloser assets.
Using a Recloser as a point of connection for renewables works,

because it meets the peak interruption capacity, and the integrated

protection feature set covers all scenarios necessary.

T

NOJA POWER
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Adding Directional Earth Fault

Renewable installations may have underground cables.
Underground cables have a higher capacitance to earth than
overhead lines.

Capacitive currents can cause nuisance tripping on Earth Fault.

Here’s how it works

Viea =Vun ™ tVys =0-H-K TV -1
=V, + V+ ¥ — 3V,

Viea =3V,

NOJA POWER

LSSy earth

Zy /n"
} Varl | Va2 | Va3

Vigi- Vag - Va3 phase-to-earth voltages measured in phases 1, 2 and 3



A Faulted Sample Network with a Neutral

Earthing Resistor (NER)

. II+II:-|+I:-]+I':3 l
™, ‘l' A lr-I-uzl ™ T2 ™, lr‘-Er:?r
b D» Dr Dr Dr
Ry ] ] ]
I¢ = Cy — — (5 — (3
. — ] —_—i —— el |
7 .T1'% T T I T '
m——p TESISVE ClrTEDt [, = ;rn = capacitive current
N

Fault current If=I£+ICf+ICI+I{"E+fC3

More capacitance, more capacitive current
This can creep over the SEF level, and in worst case exceed EF

Use directional EF to select forward faults only

NOJA POWER

thus:
I '=_3jCimP;J

¥

I = jCj mK':d

¥

where ¥V, ; =-3V, for a solid fault.

Non faulted phase current

[Ir.': i =_ICJ‘ ]

Faulted Phase Current

where [, =2
N
and
IC:' =3JFC.J' mVu
thus:

¥
fw:R—"+3j(cl+cz+03)m;
-

V.,_d' .
Irstﬂ'z_?’:év -G +Cy +Cy) @V

where:
Visqg=—3V; for a solid fault
(; : feeder I capacitance
F;; : nominal single-phase voltage

Ry : lmiting resistance



Mapping Vectors to Polar Coordinates

Note the direction of Earth Fault. Some relays shift the Residual
180 degrees (as calculation always gives 180.) Read the manual
The greater the capacitive effects, the more the zero sequence

angle approaches the 90/270 plane.

NOJA POWER

4 Trsdi=J Cior Visd

non-tripping zone
_ s ¥ 6, =45°
3Ry '
i { -_
T Vrsd
tripping zone
. Irsdf

1 -i(G+G+G)oly,




Protecting Generation Assets — 51V

Protection features such as Directional Power and Voltage Controlled OC are used.
51V Voltage Controlled Overcurrent uses a voltage gate to enable protection. The pickup is either

completely blocked if voltage remains, or the pickup is scaled according to the voltage movement.

[
QOPERATION OPERATION I
= [
I # 1
| |
I 25 1
| | |
| A
uvoc Upu 0 25 100

% UVOC

NOJA POWER




Directional Power Protection

Reverse power protection is used when connecting rotating generators to the grid.

Failure of the prime mover can cause motoring, protected against by Reverse Power

Underpower protection is used to protect against overspeed when large loads are

disconnected from the generator.

Operating
region

Reverse active power protection

Angle=180"

Power

Q
/fjj;@g/
on Non-
// Operating
—1 Power region
p
A
//
//
//
//

Power angle at 0°

NOJA POWER

] P

Angle=-30°

Power

Operjating
region

Reverse reactive power protection

Q
AN

Non- Operating region

-]

Power
perating regiol
Angle<120° ;

Power angle at 120°



Anti Island
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NOJA POWER

Anti Islanding Protection Techniques

Grid connected inverters often have “Active” techniques.

Connection Switchgear uses Passive Protection techniques,
outlined in Renewable connections standards and local network

compliance codes.

Features typically used:

* Frequency, Over (810), Under (81U), Rate of Change (81R),
» Multistage Frequency

» Undervoltage

» Overvoltage

* Voltage Vector Shift
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Frequency Protection

Frequency

Supply Load

v

50 Hz

48 Hz
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Frequency Protection

Supply Frequency

52 Hz

50 Hz

48 Hz
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Frequency Protection

Load Frequency

Supply v

52 Hz

50 Hz

48 Hz




NOJA POWER

Frequency Protection

Sets the range of imbalance tolerance.

Frequency protection requirements set by grid code.

Most codes require “ride through” capability. Staying online during frequency excursion events Load Freq uency
Supply ]
52 Hz
50 Hz

48 Hz




ROCOF Protection

Derivative of Frequency over Time — i.e. how fast Frequency is moving.
Instead of waiting to reach a limit, protection acts on how fast the frequency is getting there

Engineering trade off between “ride through” and early detection of islanding.

NOJA POWER
df  AP-f

dt 2-G-H

Where:
AP— Change in power output between

Supply

synchronised and islanded operation:

f — Rated frequency:
G — Machine rating in MVA:
H — Inertia constant.
Load Frequency
52 Hz
50 Hz
48 Hz

Class Question — What scenarios wouldn’t this work?



Power Qual
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Power Quality

The degree to which the voltage, frequency and waveform of a power

supply conform to established specifications

Important for a generator — connection compliance requirements.
Specifications vary based on local grid code.

However, they look at the same metrics:

e Harmonics

Voltage (sags and swells)
* Interruptions

* Frequency

Harmonics

Oscillography

Sags and Swells

Interruptions

NOJA POWER




Harmonics

Calculate the Fourier Transform of the measured wave

Harmonics are constituent waves with a frequency multiple of the

fundamental.

In Australia, 3" harmonic = 3 x 50 Hz = 150 Hz
RC-10/15 can measure up to the 15" Harmonic

RC-20 can measure up to 63 Harmonic

RC-20 has been approved as a power quality monitor in some networks,

removing need for additional PQ assets on renewable connection sites

1.5

NOJA POWER

1.0
0.5}

00_...
]

40


//upload.wikimedia.org/wikipedia/commons/f/f8/SquareWave.gif

Harmonics in PQS

Captures triggered by dead-band transitions
Takes a Fourier analysis at the transition

Defines triggered harmonics

NOJA POWER

save to device save to libra = export to.. = rin
tod to library port t: print
Filter * Harmonics: "hrm’ [File] Tools ¥
Period ~ Region's Statistics ~
s
All 20
@ Period length: 03:22:20
O Last month N.O. records: 52
O Last week . . Max distortion: ~ 21.39%
O Period: 13 ¥ Y Max triggered dist: 21.05%
from lj| . Max THD/TDD: 33.55%
s
w [ || “ || om .
g0 . *
o & . [ Show Region
M
Distorti W . . Zoom On Drag
u| [l ons
5 ' - L4 . Distortion Values (Y-auis):
Channels - * 5 H
™ 5 O Triggered harmonic
4
: Va : v : la @ Max harmonic
Vb Vs Ib o . * () THD/TDD
M v vi i
In 00:00:00 00:30:00 01:00:00 01:30:00 02:00:00 02:30:00 03:00:00 03:30:00
Timeline
GO P] ] ] »
. - Triggered Channel:lc,  Frequency: 59.98Hz, Max. Distortion : 21.39
Harmonics v Date / Time Channel harmonics
01.01.1970 00:10:5...  In 5,7 | 2000%
01.01.1970 00:10:5... | Ic v9
01.01.1970 00:10:5... b w3, TDD
01.01.1970 00:05:4... | Ib A3, TOD 0.00%
P ko L (7] g i i L= B | =4
» 01.01.1970 00:01:0... Ic Al - SEzssggngEggsgEs
Ir I I Ir I I* T I I I I I I I
4 [ 3 M N N M N N N NN NN N NN



Example — Australian Data of LV Solar inverter Distortion

NOJA POWER

40
]
35
®
L ]
30 * $
L ]
L ] L]
L]
s [ ] .
25 4 -
L ] - L d
.
| . & .
H - L]
1 20 -
' L]
: : i
1 . .
L 3 L ]
15 s !
. . 3
. . Pond
t 9 % . 0
10 & &
s
¢
. L ]
5 t‘,‘ ’
r L . R H
* * ] r3
i} . AR L - L 4 . B —
24 Apr 2017 26 Apr 2017 28 Apr 2017 30 Apr 2017 02 May 2017 04 May 2017 06 May 2017
Timeline
I I »
i i Ch 11 F :50.06Hz,  Max. Distortion : 3.88%
Date / Time ~ | Channel | Tiggered | Triggered |\ o | THD/TDD, % | Freq, Hz | Log ID annetzie - rrequency = Max Listortion
Harmonics  Hrm., %
05.05.2017 14:01:10.13 I v5 23 39 26 501 a| 400% 7
05.05.2017 12:50:24.812  Ic A\ 0.0 43 21 499
05.05.2017 13:49:12.966  Ic A7 49 49 28 493
05.05.2017 13:45:12.221 Ic A\ 0.0 43 18 500
05.05.2017 13:44:28713 Ic A7 51 51 23 500
05.05.2017 13:44:13.985 Ia v5 33 33 14 500 200% 1
05.05.2017 13:42:08718 Ic A\ 0.0 42 14 500
05.05.2017 13:42:50.174  Ic A7 41 55 23 500
05.05.2017 12:42:46.337 |b v5 3.2 3.2 15 500
05.05.2017 12:42:32.901 Ia A\ 0.0 39 14 500
00
05052017 13:40:40.944  Ic M 0.0 10.2 25 501 - 100Hz 150Hz 200Hz 250Hz 300Hz 350Hz 400Hz 451Hz 501Hz 551Hz  601Hz 651Hz  701Hz  751Hz




Example — Australian Data of LV Solar inverter Distortion

L ]
10
8
X: 01.05.2017 11:26:56.697
Y:7.69%
L]
X o *
56 3
g . ¢
i %
=1 . . - » -
L ] L] L]
* . . . * . o,
. L 2P e ® - - ® .0; .
. . . %
L ]
2
i} -0 a2 DM — L -0 B- D L
06:00:00 08:00:00 10:00:00 12:00:00 14:00:00 16:00:00
Timeline
1 i1
i i Ch H F :50.02Hz,  Max. Distertion : 7.69%
Date / Time ~ | Channet | T199<Ted [ Triggered |\ o | THD/TDD, % | Freq, Hz | Log ID anneliic,  rrequency = Max Histortion
Harmonics | Hrm.,
01.05.2017 11:29:21.333 | Ib A3 5.2 52 25 500 -
b 01.05.2017 11:26:56.697 Ic A3 7.7 7 22 500
01.05.2017 11:26:45.182  Ic v5 0.0 00 00 500 6.00% |
01.05.2017 11:23:41463 | Ic A5 6.1 6.1 19 500
01.05.2017 11:23:26.747  Ic 5 0.0 00 00 500
01.05.2017 11:21:23.312  Ic v3 0.0 74 22 501
01.05.2017 11:20:57.750  Ic A3 45 75 27 501 3.00%
01.05.2017 11:19:43.617  Ic v3 0.0 67 19 501
01.05.2017 11:19:27.639 | Ic A3 43 43 21 501
01.05.2017 11:18:40.327  Ic v5 66 66 19 500
- 0.0
01.05.2017 11:16:13.037  Ic A2 114 114 22 500 - 100Hz 150Hz 200Hz 250Hz 400Hz 630Hz
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\Voltage Sags and Swells

Measured deviations of Voltage from system specifications

Pas P05 - NOJA POWER

NOJA POWER

ABOUT

Power Quality Settings

Osc Hrm Interruptions »Sags/Swells«

Sag Monitoring Disable
sag Normal Threshold 0.90
sag Min Threshold 0.10
sag Time (ms) 20
swell Monitoring Disable
swell Normal Threshold 1.10
swell Time (ms) 20
Reset Time (ms) 50

.
Total: 155 records

Instantaneous: 35 sags,46 swells Momentary: 42 sags,32 swells Temporary: 0 sags,0 swells

OPEN FILE LIBRARY
n Devices NOJA Recloser 1 (s/n: 01A0L.. >
G (3 savetolibrary [ exportto. = & print
Filter Sag & Swells: 'NOJA Recloser 1 (/n: 0140100022456, type: Three Phase)’ [Device] Tools
Statisti
Bgfad] J Variance/Duration | Timeline | ansties
] Period length: 979 ms
.
. o A\ Max swell  80.19%
_ Last month N ’ '
\ . * Min sag: -79.24%
) Lastweek AN b N.O 7
N e .0, sags:
_ Period: Y * [ ] ‘. ¢
50 - - - MO, swells: 76
f L] o
Tom * . e ‘ Chart
‘o " LAY
‘ r .
é;' I 4 I [ show Region
[ ]
.§ 0 . Zoom On Drag
5 * Wt e e ;
Duration = * : . .i >
+®
more than ® LA ®
-50 . .
;
less than N o -
% e
Variance -100
more than 1ms 10 ms 100 ms
Duration
less than
Start Time * | Duration Duration variation | Peak time, msec | Variance, % Va, KV Vb, KV Ve KV Vr KV Vs KV | Vi KV
Channels »  28.07.2013 08:31:04.719 00:00:00.838 Momentary 700 -79.2
28.07.2013 08:31:04.71%  00:00:00.838 Momentary 700 -79.2
M v 26.07.2013 08:02:33.971 00:00:00.64% Momentary 632 -204
v 26.07.2013 08:02:33.971 00:00:00.64% Momentary 632 -204
M v 24,07.2013 08:36:08.551  00:00:00.035 Instantaneous 14 -61.6







NOJA POWER

Revenue Metering

* Requires local certification, utility code compliance.

* In Australia, NATA Certification needed

Control Compartment OSM Compartment MV Cable Compartment * LV Compartment Method * Example Bolt-on method
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Summary

+ Circuit Breaker

» Protection System — Protecting the asset, and meeting the anti-islanding
requirements

* Power Quality Monitoring

* Revenue Metering

+ Maintenance provisions

Goondiwindi Solar Farm — Overhead Connection with separate metering

NOJA POWER




NOJA POWER

Summary

» Protection, Control, Power Quality, Metering, Earth Switch, all integrated to

connect renewable energy

» Protection features for assets and anti-islanding
* Power Quality capabilities

* Works practices (earthing and voltage sensing)




Thank you!

Questions?

NOJA POWER
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